


MEMORY 
PRODUCTS 

DATABOOK 

2nd EDITION 

AUGUST 1992 



USE IN LIFE SUPPORT DEVICES OR SYSTEMS MUST BE EXPRESSLY AUTHORIZED 

SGS-THOMSON PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF SGS-THOMSON Microelectronics. 
As used herein: 

1. Life support devices or systems are those which (a) are 
mtended for surgical implant mto the body, or (b) support 
or sustain life, and whose fa1Jure to perform, when 
properly used 1n accordance With instructions for use 
prov1ded w1th the product, can be reasonably expected 
to result 1n significant injury to the user. 

2. A critical component 1s any component of a life support 
dev1ce or system whose failure to perform can reason­
ably be expected to cause the failure of the life support 
device or system, or to affect its safety or effectiveness. 



TABLE OF CONTENTS 

INTRODUCTION Page 6 

GENERAL INDEX 9 

SELECTION GUIDE 13 

CMOS EPROM 49 

NMOS EPROM 195 

FLASH MEMORIES 247 

ROM 345 

12C BUS EEPROM 359 

MICROWIRE BUS EEPROM 451 

PARALLEL ACCESS EEPROM 551 

FASTSRAM 563 

S04 (Cont'd) 

3 





TABLE OF CONTENTS 

(Cont'd) 

CACHE MEMORIES 661 

FIFO MEMORIES 769 

ZEROPOWER MEMORIES 853 

TIMEKEEPER MEMORIES 981 

APPLICATION NOTES 1051 

QUALITY NOTES 1137 

TECHNICAL ARTICLES 1147 

5 



INTRODUCTION 

SGS-THOMSON Microelectronics manufactures an extensive range of memory pro­
ducts which satisfy the needs of a diverse range of applications. They include, 

Non-volatile memories: EPROM, OTP ROM, FLASH MEMORIES and EEPROM. 

Static RAMs: Fast SRAM, Cache TAGRAM and Burst SRAM, BiPORT FIFOs. 

Zeropower, Timekeeper and Processor Manager specialty memories. 

This databook provides comprehensive, technical information on each family of mem­
ory products to aid selection for a defined use. 

EPROMs (UV eraseable Electrically Programmable Read Only Memories). This family 
includes EPROMs which can be erased by exposure to Ultra Violet light through a 
quartz window in the package. Data is provided on EPROMs in two technologies, 
CMOS and NMOS, and in densities from 16K bits up to 16Megbits. Memory access 
times for standard products are as fast as SOns. Programming times have been reduced 
through the use of specially designed 'margin-mode verify' circuits and new PRESTO 
programming algorithms. For portable equipment some sizes of EPROM are specified 
for operation in read mode down to 3V supply. 

OTP. ROMs (One Time Programmable Read Only Memories). These devices are 
similar to EPROMs but are packaged in plastic packages, both Dual In Line and surface 
mounting types. They are not eraseable, but may be programmed one time only using 
the same programming technique as for EPROMs. 

FLASH MEMORIES. (Electrically programmable and Eraseable Memories). The 
FLASH MEMORY provides a new flexibility for the system designer by implementing 
both electrical programming, like an EPROM, and electrical erasure. The erasure is 
either the entire chip or for certain devices by blocks of the memory. This gives the 
devices additional functionality as they can be erased and reprogrammed in the circuit 
board for applications where there is a requirement to change the contents of the 
non-volatile memory. The manufacturing process for FLASH MEMORIES is very 
similar to that of EPROMs thus ensuring a similar evolution of density, performance 
and reliability. 

EEPROMs. (Electrically Eraseable and Programmable Read Only Memories). Differ­
ent from the FLASH MEMORY, the EEPROM may be erased and written byte-by-:P,yte. 
Two types of ~EPROM are included: serial access with buses compatible with I Cor 
MICROWIRE R standards, and parallel access devices. EEPROMs are widely used for 
storing equipment parameters or data configurations. The special CMOS technology 
used by SGS-THOMSON allows a guarantee of over 1,000,000 erase/write cycle 
endurance and over 10 years data retention. Devices operate down to 2.5V. 

Fast SRAM. Using a new Advanced CMOS process the Fast SRAM products offer 
access times down to 1 Ons and are thus suitable for use in high speed applications 
such as computer cache memory systems. Product sizes range from 64K up to 
1 Megabit. The memories use a technique known as VBO (Variable Bit Organisation) 
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INTRODUCTION 

which establishes the organisation (x1, x4 or x8) at the final metal mask level: this 
enables a rapid reaction to customer orders for different organisations but still maintains 
a short production time for the whole family. 

Cache TAGRAM™. Computer Cache systems are made using a combination of a 
memory to store the cache data addresses (the tagram) and the cache data store (a 
fast SRAM or burst SRAM). The Cache TAGRAM family includes both standard 
TAGRAMs and the SnoopTAG for multiprocessor/dual bus applications. The burst 
SRAM (BRAM) products are 32K x 9 fast SRAMs with internal address counters and 
are designed for use with popular microprocessors. 

BiPORT™ FIFOs. The BiPORT FIFO family is a series of FIFO memories based on 
SRAM technology, with built in address registers for read and write pointers. Sizes vary 
from 512 bits up to 8K bits. The architecture allows both depth and width exapnsion. 

ZEROPOWER™ and TIMEKEEPER™. This range of products satisfies a very import­
ant sector of applications: they provide fast Read/Write non-volatile memory for use as 
back-up storage, for example during power down. The basic range of Zeropower 
products consists of an ultra low power SRAM, with integrated supply voltage detoctor 
and a switch-over to battery sustained operation. The packaging includes an integrated 
lithium battery which has the capacity to maintain memory contents for 1 0 - 11 years. 
Timekeeper products include a real time clock which is also powered by the back-up 
battery during power down. 

SGS-THOMSON has an extensive program of both process R & D and product 
development which results in many new product updates and introductions every year. 
Please contact your nearest sales office to learn about new products that have been 
introduced since this data book was published. 

The 16 Megabit EPROM developed in 0,6 micron CMOS Technology 
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CMOS UV EPROM and OTP ROM 

Size Part Number Organisation 

64K M27C64A-15F1 8K x 8 

M27C64A-20F1 8K x 8 

TS27C64A-20CQ 8K x 8 

M27C64A-25F1 8K x 8 

TS27C64A-25CO 8K x 8 

TS27C64A-30CQ 8K x 8 

M27C64A-20F6 8K x 8 

TS27C64A-20VQ 8K x 8 

M27C64A-25F6 8K x 8 

TS27C64A-25VQ 8K x 8 

TS27C64A-30VQ 8K x 8 

TS27C64A-20CP 8K x 8 

TS27C64A-25CP 8K x 8 

TS27C64A-20VP 8K x 8 

TS27C64A-25VP 8K x 8 

TS27C64A-20CFN 8K x 8 

TS27C64A-25CFN 8K X 8 

TS27C64A-25VFN 8K x 8 

128K M27C128A-12F1 16Kx 8 

M27C128A-15F1 16K x 8 

M27C128A-20F1 16K x 8 

M27C128A-20F6 16K x 8 

256K M27C256B-80XF1 32K x 8 

M27C256B-1 OXF1 32K x 8 

Speed Vee Range (ns) 

150 5V ± 10°/6 

200 5V± 10% 

200 5V± 10% 

250 5V± 10% 

250 5V± 10% 

300 5V±10% 

200 5V± 10% 

200 5V± 10% 

250 5V± 10% 

250 5V± 10% 

300 5V±10% 

200 5V±10% 

250 5V±10% 

200 5V± 10% 

250 5V± 10% 

200 5V±10% 

250 5V± 10% 

200 5V± 10% 

120 5V± 10% 

150 5V± 10% 

200 5V±10% 

200 5V± 10% 

80 5V±5% 

100 5V±5% 

Active/Stby 

30mAI 10011A 

30mAI 10011A 

30mAI 100!lA 

30mAI 100!lA 

30mAI 100!lA 

30mAI 100>tA 

30mAI 10011A 

30mAI 10011A 

30mAI 100!lA 

30mAI 100!lA 

30mAI 100!lA 

30m A I 1 OO!lA 

30m A I 1 OO!lA 

30mA I 1 OO!lA 

30mA I 1 OO!lA 

30mAI 100!lA 

30mAI 10011A 

30mA I 10011A 

30mA I 10011A 

30m A 1 1 oo,tA 

30mAI 100J.LA 

30mA 1 1 oo,tA 

30mAI 100J.LA 

30mAI 20011A 

NON VOLATILE MEMORIES 

I 

Programming Temperature Package Range (°C) 

High Speed Oto 70 FDIP28W 

High Speed Oto 70 FDIP28W 

High Speed Oto 70 FDIP28W 

High Speed Oto 70 FDIP28W 

High Speed Oto 70 FDIP28W 

High Speed Oto 70 FDIP28W 

High Speed -40 to 85 FDIP28W 

High Speed -40 to 85 FDIP28W 

High Speed -40 to 85 FDIP28W 

High Speed -40 to 85 FDIP28W 

High Speed -40 to 85 FDIP28W 

High Speed Oto 70 PDIP28 

High Speed Oto 70 PDIP28 

High Speed -40 to 85 PDIP28 

High Speed -40 to 85 PDIP28 

High Speed 0 to 70 PLCC32 

High Speed Oto 70 PLCC32 

High Speed -40 to 85 PLCC32 

PRESTO II, 2 sec. Oto 70 FDIP28W 

PRESTO II, 2 sec 0 to 70 FDIP28W 

PRESTO II, 2 sec. 0 to 70 FDIP28W 

PRESTO II, 2 sec. -40 to 85 FDIP28W 

PRESTO II, 3 sec. 0 to 70 FDIP28W 

PRESTO II, 3 sec. Oto 70 FDIP28W 
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CMOS UV EPROM and OTP ROM (cont'd) 

Size Part Number Organisation 

256K M27C256B-12XF1 32Kx 8 

M27C256B-15XF1 32Kx 8 

M27C256B-20XF1 32Kx 8 

M27C256B-25XF1 32Kx 8 

M27C256B-10F1 32Kx 8 

M27C256B-12F1 32Kx8 

M27C256B-12F1 L 32Kx8 

M27C256B-15F1 32Kx8 

M27C256B-20F1 32Kx8 

M27C256B-20F1 L 32Kx8 

M27C256B-25F1 32Kx8 

M27C256B-12XF6 32Kx8 

M27C256B-15XF6 32Kx8 

M27C256B-20XF6 32Kx8 

M27C256B-25XF6 32Kx8 

M27C256B-12F6 32Kx8 

M27C256B-15F6 32Kx8 

M27C256B-20F6 32Kx8 

M27C256B-20F6L 32Kx8 

M27C256B-25F6 32Kx8 

M27C256B-12XB 1 32Kx8 

M27C256B-90B 1 32Kx8 

M27C256B-12B1 32Kx8 

M27C256B-15B1 32Kx8 

Speed 
{ns) 

120 

150 

200 

250 

100 

120 

120 

150 

200 

200 

250 

120 

150 

200 

250 

120 

150 

200 

200 

250 

120 

90 

120 

150 

Vee Range Active/Stby 

5V±5% 30mA I 200!JA 

5V±5% 30mA I 200!JA 

5V±5% 30mA I 200!JA 

5V±5% 30mA I 200!JA 

5V±10% 30mA I 200!JA 

5V±10% 30mA I 200!JA 

5V±10% 30mA I 1 OO!JA 

5V±10% 30mA I 200!JA 

5V±10% 30mA I 200!JA 

5V±10% 30mA I 1 OO!JA 

5V±10% 30mA I 200!JA 

5V±5% 30mA I 200!JA 

5V±5% 30mA I 200!JA 

5V±5% 30mA I 200!JA 

5V±5% 30mA I 200!JA 

5V±10% 30mA I 200!JA 

5V±10% 30mA I 200!JA 

5V± 10% 30mA I 200!JA 

5V± 10% 30m A I 1 OO!JA 

5V± 10% 30mA I 200!JA 

5V±5% 30mA I 200!JA 

5V±10% 30mA I 200!JA 

5V± 10% 30m A I 200!JA 

5V± 10% 30mA I 200!JA 

NON VOLATILE MEMORIES 

Programming Temperature Package Range {°C) 

PRESTO II, 3 sec. 0 to70 FDIP28W 

PRESTO II, 3 sec. Oto70 FDIP28W 

PRESTO II, 3 sec. Oto70 FDIP28W 

PRESTO II, 3 sec. Oto 70 FDIP28W 

PRESTO II, 3 sec. Oto70 FDIP28W 

PRESTO II, 3 sec. Oto70 FDIP28W 

PRESTO II, 3 sec. Oto70 FDIP28W 

PRESTO II, 3 sec. Oto70 FDIP28W 

PRESTO II, 3 sec. Oto70 FDIP28W 

PRESTO II, 3 sec. Oto70 FDIP28W 

PRESTO II, 3 sec. Oto70 FDIP28W 

PRESTO II, 3 sec. -40to85 FDIP28W 

PRESTO II, 3 sec. -40 to 85 FDIP28W 

PRESTO II, 3 sec. -40 to 85 FDIP28W 

PRESTO II, 3 sec. -40 to 85 FDIP28W 

PRESTO II, 3 sec. -40to85 FDIP28W 

PRESTO II, 3 sec. -40to85 FDIP28W 

PRESTO II, 3 sec. -40 to 85 FDIP28W 

PRESTO II, 3 sec. -40 to 85 FDIP28W 

PRESTO II, 3 sec. -40to85 FDIP28W 

PRESTO II, 3 sec. Oto?O PDIP28 

PRESTO II, 3 sec. Oto?O PDIP28 

PRESTO II, 3 sec. Oto70 PDIP28 

PRESTO II, 3 sec. Oto70 PDIP28 
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CMOS UV EPROM and OTP ROM (cont'd) 

Size Part Number Organisation 

256K M27C2568-2081 32K x8 

M27C2568-1 586 32K x8 

M27C2568-2086 32K x8 

M27C2568-2087 32K x8 

M27C2568-1 583 32K x8 

M27C2568-2083 32K x8 

M27C2568-1 2XC1 32Kx8 

M27C2568-1 5XC1 32K x8 

M27C2568-1 2C1 32K x8 

M27C2568-1 5C1 32K x8 

M27C2568-20C1 32K x 8 

M27C2568-1 5C6 32K x 8 

M27C2568-20C6 32K x 8 

M27C2568-20C7 32Kx 8 

M27C2568-1 5C3 32K x 8 

M27C2568-20C3 32K X 8 

M27C2568-1 2M1 32K x 8 

M27C2568-1 5M1 32Kx 8 

M27C2568-20M1 32K x 8 

M27C2568-1 ON1 32Kx 8 

M27C2568-1 2N1 32Kx 8 

M27C2568-1 5N1 32Kx 8 

M87C257-12XF1 32K x 8, Latch 

M87C257-20XF1 32K x 8, Latch 

Speed 
Vee Range (ns) 

200 5V± 10% 

150 5V± 10% 

200 5V± 10% 

200 5V± 10% 

150 5V± 10% 

200 5V± 10% 

120 5V±5% 

150 5V±5% 

120 5V± 10% 

150 5V± 10% 

200 5V± 10% 

150 5V± 10% 

200 5V± 10% 

200 5V± 10% 

150 5V± 10% 

200 5V± 10% 

120 5V ± 10% 

150 5V± 10% 

200 5V± 10% 

100 5V± 10% 

120 5V± 10% 

150 5V± 10% 

120 5V±5% 

200 5V±5% 

Active/Stby 

30mAI 200~A 

30mAI 200~A 

30mAI200~A 

30mAI200~A 

30mAI200~A 

30mAI200~A 

30mA 1200~A 

30mA 1200~A 

30mA 1200~A 

30mA I 200f1A 

30mA I 200~A 

30mA I 200~A 

30mA I 200~A 

30mAI 200~A 

30mAI200~A 

30mAI200~A 

30mA 1200~A 

30mA 1200~A 

30mA 1200~A 

30mA I 200~A 

30mA I 200~A 

30mAI 200~A 

30mAI 200~A 

30mAI 200~A 

NON VOLATILE MEMORIES 

Programming Temperature Package 
Range (0 C) 

PRESTO II, 3 sec. Oto 70 PDIP28 

PRESTO II, 3 sec. -40 to 85 PDIP28 

PRESTO II, 3 sec. -40 to 85 PDIP28 

PRESTO II, 3 sec. -40 to 105 PDIP28 

PRESTO II, 3 sec. -40 to 125 PDIP28 

PRESTO II, 3 sec. -40 to 125 PDIP28 

PRESTO II, 3 sec. Oto 70 PLCC32 

PRESTO I 3 sec. Oto 70 PLCC32 

PRESTO 3 sec. 0 to 70 PLCC32 

PRESTO 3 sec. 0 to 70 PLCC32 

PRESTO 3 sec. 0 to 70 PLCC32 

PRESTO 3 sec. -40 to 85 PLCC32 

PRESTO , 3 sec. -40 to 85 PLCC32 

PRESTO II, 3 sec. -40 to 105 PLCC32 

PRESTO II, 3 sec. -40 to 125 PLCC32 

PRESTO II, 3 sec. -40 to 125 PLCC32 

PRESTO II, 3 sec. 0 to 70 PS028 

PRESTO II, 3 sec. Oto 70 PS028 

PRESTO II, 3 sec. Oto 70 PS028 

PRESTO II, 3 sec. Oto 70 PTS028 

PRESTO II, 3 sec. Oto 70 PTS028 

PRESTO II, 3 sec. 0 to 70 PTS028 

PRESTO II, 3 sec. 0 to 70 FDIP28W 

PRESTO II, 3 sec. 0 to 70 FDIP28W 
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CMOS UV EPROM and OTP ROM (cont'd) 

Size Part Number Organisation 

256K M87C257-12F1 32K x 8, Latch 

M87C257-20F1 32K x 8, Latch 

M87C257-15XF6 32K x 8, Latch 

M87C257-15F6 32K x 8, Latch 

M87C257-15C1 32K x 8, Latch 

M87C257-20C6 32K x 8, Latch 

M87C257-15C3 32K x 8, Latch 

512K M27C512-80XF1 64K x8 

M27C512-12XF1 64K x 8 

M27C512-15XF1 64K x8 

I M27C512-20XF1 64K x 8 

M27C512-25XF1 64K x 8 

M27C512-10F1 64K x 8 

M27C512-12F1 64K x8 

M27C512-15F1 64K x 8 

M27C512-20F1 64K x 8 

M27C512-20F1 L 64K x 8 
I 

M27C512-25F1 64Kx 8 

M27C512-12XF6 64K x 8 

M27C512-15XF6 64K x 8 

M27C512-20XF6 64K x 8 

M27C512-25XF6 64K x 8 

M27C512-15F6 64K x8 

M27C512-20F6 64K x8 

------1 
Sfnesld Vee Range Active/Stby 

-
120 5V± 10% 30mA 1200[1A 

200 5V± 10% 30mA I 200[1A 

150 5V±5% 30mA I 200[1A 

150 5V± 10% 30mA I 200[1A 

150 5V± 10% 30mA I 200[1A 

200 5V± 10% 30mA 1200flA 

150 5V± 10% 30mAI200flA 

80 5V±5% 30mAI 100flA 

120 5V±5% 30mA I 200f1A 

150 5V±5% ! 30mA I 200;1A 

200 5V± 5% 30mA I 200;1A 

250 5V ± 5~~ 30mA I 200;1A 

100 5V± 10% 30mA I 100pA 

120 5V::': 10% 30mA I 200;1A 

150 sv ± 10~~ 30mA I 200f1A 

200 5V± 10% 30rnA I 200f1A 

200 5V± 10% 30mA /100pA 

250 5V± 10% 30mA 1200f.IA 

120 5V ±5% 30mA 1200pA 

150 5V±5% 30rnA I 200fiA 

200 5V ± 5% 30rnA I 200;1A 

250 5V±5% 30mA 1200;1A 

150 5V± 10% 30mA 1200;1A 

200 5V± 10% 30rnA I 200flA 

NON VOLATILE MEMORIES 

Programming Temperature I P k 
Range(oC) ae age 

------------
PRESTO II, 3 sec. 0 to 70 FDIP28W 

PRESTO II, 3 sec. 0 to 70 FDIP28W 

PRESTO II, 3 sec. -40 to 85 FDIP28W 

PRESTO II, 3 sec. -40 to 85 FDIP28W 

PRESTO II, 3 sec. 0 to 70 PLCC32 

PRESTO II, 3 sec. -40 to 85 PLCC32 

PRESTO II, 3 sec. -40 to 125 PLCC32 

PRESTO II, 7 sec. 0 to 70 FDIP28W 

PRESTO II, 7 sec. 0 to 70 FDIP28W 

PRESTO II, 7 sec 0 to 70 FDIP28W 

PRESTO II, 7 sec 0 to 70 FDIP28W 

PRESTO II, 7 sec 0 to 70 FDIP28W 

PRESTO II. 7 sec 0 to 70 FDIP28W 

PRESTO II, 7 sec Oto 70 FDIP28W 

PRESTO II. 7 sec. Oto 70 FDIP28W 

PRESTO II, 7 sec. Oto 70 FDIP28W 

PRESTO II, 7 sec 0 to 70 FDIP28W 

PRESTO II, 7 sec 0 to 70 FDIP28W 

PRESTO II. 7 sec -40 to 85 FDIP28W 

PRESTO II, 7 sec. -40 to 85 FDIP28W 

PRESTO II, 7 sec. -40 to 85 FDIP28W 

PRESTO II, 7 sec. -40 to 85 FDIP28W 

PRESTO II, 7 sec. -40 to 85 FDIP28W 

PRESTO II, 7 sec. -40 to 85 FDIP28W 
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CMOS UV EPROM and OTP ROM (cont'd) 

Size Part Number Organisation 

--- ----~ ----··-- ------

512K M27C512-20XF3 64Kx 8 

M27C512-1 OF3 64K x 8 
-------

M27C512-15XB1 64Kx 8 

M27C512-15B1 64Kx 8 

M27C512-20B1 64K X 8 

M27C512-20B6. 64Kx 8 

M27C512-20B3 64K x 8 
-------·--

M27C512-15XC1 64Kx 8 

M27C512-15C1 64K x 8 

' 
M27C512-20C1 64K x 8 

M27C512-20XC6 64K x 8 

M27C512-20C6 64K X 8 

M27C512-1 5C3 64Kx 8 

M27C512-20C3 64Kx 8 -----
M27C512-10N1 64Kx 8 

M27C512-12N1 64K X 8 

M27C512-15N1 64K X 8 

M27V512-200K1 64Kx 8 

M27V512-250K1 64K x 8 

M27V512-200N1 64K x 8 

M27V512-250N1 64Kx 8 

M27C516-20F1 32K x 16 

M27C516-15C1 32K x 16 

M27C516-20C1 32K x 16 

Speed 
(ns) 

200 

_ __!_OQ __ 
150 

150 

200 

200 

200 
------

150 

150 

200 

200 

200 

150 

200 -----
100 

120 

150 

200 

250 

200 

250 

200 

150 

200 

NON VOLATILE MEMORIES 

Vee Rooge ~~ Aeti.e/Stby Programming Temperature I P ka e 
Range(°C) ac g 

-- ------ -------------- --------------- -- --------- -+-----------
5V ± 5% I 30mA I 200pA PRESTO II, 7 sec. -40 to 125 FDIP28W 

_ 5V ± 10% _J_ ~fl1~!J.CJ_IJi-i_A __ PRESTO II, 7 sec. -40 to 125 FDIP28W 
------------------- ------- ---- ----------

5V±5% 30mAI 200pA PRESTO II, 7 sec. Oto 70 PDIP28 

5V± 10% 30mA I 200~tA PRESTO II, 7 sec. Oto 70 PDIP28 

5V± 10% 30mA I 200~tA PRESTO II, 7 sec. Oto 70 PDIP28 

5V± 10% 30mA I 200~tA PRESTO II, 7 sec -40 to 85 PDIP28 

5V± 10% 30mA I 200p~-- _ PRESTO II, 7 sec -40 to 125 PDIP28 
------ - ---------- ------------

5V±5% 30mA I 200~tA PRESTO II, 7 sec Oto 70 PLCC32 

5V± 10% 30mA I 200~tA PRESTO II, 7 sec. 0 to 70 PLCC32 

5V± 10% 30mA I 200~tA PRESTO II, 7 sec. 0 to 70 PLCC32 

5V±5% 30mA I 200~tA PRESTO II, 7 sec. -40 to 85 PLCC32 

5V± 10% 30mA I 200~tA PRESTO II, 7 sec. -40 to 85 PLCC32 

5V± 10% 30mAI 200pA PRESTO II, 7 sec. -40 to 125 I PLCC32 

5V± 10% 30mA I 200~tA __ PRESTO II, 7 sec. -40 to 125 __) __ P_L,C_(;~2 __ 

5V± 10% 30mAI 200f-1A PRESTO II, 7 sec. 0 to 70 I PTS028 
I 

5V± 10% 30mA I 200~tA PRESTO II, 7 sec. 0 to 70 j PTS028 

5V+ 10% I 30mAI 200pA PRESTO II, 7 sec. 0 to 70 PTS028 ---------
3.0 to 5.5V i 10mAI 100pA PRESTO II, 7 sec. 0 to 70 I PLCC32 

3.0 to 5 5V 
I 

10mA I 100pA PRESTQ_ II, 7 SEJ_c;__ 1----0 to 70 __ j PLCC3_?_ I 

3 0 to 5 5V 
I 

1 OmA I 1 OO~tA PRESTO II, 7 sec. 0 to 70 I PTS028 
i 

3.0 to 5.5V i 1 OmA I 1 OOftA PRESTO II, 7 sec~_ 0 to 70 PTS028 
---- ---------------

5V± 10% I 30mA I 200pA 
--------

PRESTO II, 7 sec. __ _Cl__l9_?~--- FDIP40W 
----

5V± 10% 

I 
30mA I 200~tA PRESTO II, 7 sec. 0 to 70 PLCC32 

5V± 10% 30mA I 200~tA PRESTO II, 7 sec. 0 to 70 PLCC32 
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CMOS UV EPROM and OTP ROM (cont'd) 

Size Part Number Organisation 

1M M27C1000-12XF1* 128K X 8 

M27C1000-15XF1 * 128Kx8 

M27C1000-20XF1 * 128Kx8 

M27C1 000-25XF1 * 128Kx8 

M27C1000-10F1 * 128K x8 

M27C1000-12F1 * 128K x8 

M27C1000-15F1 • 128K X 8 

M27C1000-20F1 * 128K X 8 

M27C1000-20B1 * 128Kx8 

M27C1 001-80XF1 128Kx8 

M27C1 001-12XF1 128Kx8 

M27C1 001-15XF1 128K x 8 

M27C1 001-15XF1 L 128Kx8 

M27C1 001-20XF1 128Kx8 

M27C1 001-25XF1 128Kx8 

M27C1001-10F1 128Kx8 

M27C1001-12F1 128Kx8 

M27C1001-15F1 128K x 8 

M27C1 001-15F1 L 128K x 8 

M27C1001-20F1 128Kx8 

M27C1001-20F1L 128K x 8 

M27C1001-25F1 128Kx8 

M27C 1 001-12XF6 128K X 8 

* ROM compatible pin-out 

Speed 
(ns) 

120 

150 

200 

250 

100 

120 

150 

200 

200 

80 

120 

150 

150 

200 

250 

100 

120 

150 

150 

200 

200 

250 

120 

Vee Range Active/Stby 

5V±5% 35mA /200J.IA 

5V±5% 35mA/200!1A 

5V±5% 35mA/200!1A 

5V±5% 35mA/200!1A 

5V±10% 35mA /200J.IA 

5V±10% 35mA /200J.IA 

5V±10% 35mA /200J.IA 

5V+10% 35mA/200!1A 

5V±10% 35mA /200J.IA 

5V±5% 30mA/100!1A 

5V±5% 35mA/200!1A 

5V±5% 35mA /200J.IA 

5V±5% 30mA /1 OOJ.IA 

5V±5% 35mA /200J.IA 

5V±5% 35mA/200!1A 

5V±10% 30mA/100!1A 

5V± 10% 35mA/200!1A 

5V±10% 35mA /200J.IA 

5V±10% 30mA /1 OOJ.IA 

5V±10% 35mA /200J.IA 

5V±10% 30mA /1 OOJ.IA 

5V±10% 35mA /200J.IA 

5V+5% 35mA /200J.IA 

NON VOLATILE MEMORIES 

Programming 
Temperature 

Package Range (°C) 

PRESTO 13 sec. Oto70 FDIP32W 

PRESTO 13 sec. Oto70 FDIP32W 

PRESTO 13 sec. Oto70 FDIP32W 

PRESTO 13 sec. Oto70 FDIP32W 

PRESTO 13 sec. Oto70 FDIP32W 

PRESTO , 13 sec. Oto70 FDIP32W 

PRESTO II, 13 sec. Oto70 FDIP32W 

PRESTO II, 13 sec. Oto70 FDIP32W 

PRESTO 11,13 sec. Oto70 PDIP32 

PRESTO II, 13 sec. Oto70 FDIP32W 

PRESTO II, 13 sec. Oto70 FDIP32W 

PRESTO II, 13 sec. Oto70 FDIP32W 

PRESTO II, 13 sec. Oto70 FDIP32W 

PRESTO II, 13 sec. Oto 70 FDIP32W 

PRESTO II, 13 sec. Oto 70 FDIP32W 

PRESTO II, 13 sec. Oto70 FDIP32W 

PRESTO 11,13 sec. Oto70 FDIP32W 

PRESTO II, 13 sec. Oto70 FDIP32W 

PRESTO II, 13 sec. Oto70 FDIP32W 

PRESTO II, 13 sec. Oto70 FDIP32W 

PRESTO II, 13 sec. Oto70 FDIP32W 

PRESTO II, 13 sec. Oto70 FDIP32W 

PRESTO II, 13 sec. -40to85 FDIP32W 
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CMOS UV EPROM and OTP ROM (cont'd) 

Size Part Number Organisation 

1M M27C1 001-15XF6 128K x 8 

M27C1 001-20XF6 128K x 8 

M27C1001-15F6 128K x 8 

M27C1001-15F6L 128K x 8 

M27C1 001-20F6 128K x 8 

M27C1001-1581 128K x 8 

M27C1 001-2081 128Kx8 

M27C1 001-2086 128K x 8 

M27C1 001-2083 128K x 8 

M27C1001-12XC1 128K x 8 

M27C1001-15C1 128K x 8 

M27C1 001-20C1 128K x 8 

M27C1001-15C6 128K x 8 

M27C1 001-15C3 128K x 8 -----
M27C1001-12L1 128Kx8 

M27V1 01-250L 1 128Kx8 

M27V1 01-200L6 128K x 8 

M27V1 01-250L6 128K x 8 

M27C1024-12XF1 64K x 16 

M27C1 024-15XF1 64K x 16 

M27C1 024-20XF1 64K x 16 

M27C1 024-25XF1 64K x 16 

M27C1024-12F1 64K x 16 

M27C1 024-15F1 64K x 16 

Speed Vee Range (ns) 

150 5V±5% 

200 5V±5% 

150 5V± 10% 

150 5V± 10% 

200 5V± 10% 

150 5V± 10% 

200 5V± 10% 

200 5V± 10% 

200 5V± 10% 
----~ 

120 5V±5% 

150 5V± 10% 

200 5V± 10% 

150 5V± 10% 

150 5V± 10% 

120 5V+ 10% 

250 3.0 to 5.5V 

200 3.2 to 5.5V 

250 3.2 to 5.5V 

120 5V±5% 

150 5V±5% 

200 5V±5% 

250 5V±5% 

120 5V± 10% 

150 5V± 10% 

Active/Stby 

35mA/ 200flA 

35mAI 200flA 

35mAI 200flA 

35mAI 100flA 

35mAI200flA 

35mAI 200flA 

35mAI 200flA 

35mAI 200flA 

35mA I 200~tA 

35mAI 200flA 

35mAI 200flA 

35mAI 200flA 

35mAI 200flA 

35mA I 200~tA 

30mAI 100flA 

30mA I 1 OO~tA 

35mAI 100flA 

35m A I 1 OO~tA 

35mAI 100flA 

35mAI 100flA 

35mAI 100flA 

35mAI 100flA 

35mAI 100flA 

' 
35mA I 1 OO~tA 

NON VOLATILE MEMORIES 

Programming Temperature Package Range (°C) 

PRESTO II, 13 sec. -40 to 85 FDIP32W 

PRESTO II, 13 sec. -40 to 85 FDIP32W 

PRESTO II, 13 sec. -40 to 85 FDIP32W 

PRESTO II, 13 sec. -40 to 85 FDIP32W 

PRESTO II, 13 sec. -40 to 85 FDIP32W 

PRESTO II, 13 sec. Oto 70 PDIP32 

PRESTO II, 13 sec. Oto 70 PDIP32 

PRESTO II, 13 sec. -40 to 85 PDIP32 

PRESTO II, 13 sec. -40 to 125 PDIP32 

PRESTO II, 13 sec. Oto 70 PLCC32 

PRESTO II, 13 sec. Oto 70 PLCC32 

PRESTO II, 13 sec. Oto 70 PLCC32 

PRESTO II, 13 sec. -40 to 85 PLCC32 

PRESTO II, 13 sec. -40 to 125 PLCC32 

PRESTO II, 13 sec Oto 70 LCCC32W 

PRESTO II, 13 sec Oto 70 LCCC32W 

PRESTO II, 13 sec. -40 to 85 LCCC32W 

PRESTO II, 13 sec. -40 to 85 LCCC32W 

PRESTO II, 7 sec. Oto 70 FDIP40W 

PRESTO II, 7 sec. Oto 70 FDIP40W 

PRESTO II, 7 sec. Oto 70 FDIP40W 

PRESTO II, 7 sec. Oto 70 FDIP40W 

PRESTO II, 7 sec. Oto 70 FDIP40W 

PRESTO II, 7 sec. Oto 70 FDIP40W 
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CMOS UV EPROM and OTP ROM (cont'd) 

Size Part Number Organisation 

1M M27C1 024-20F1 64K x 16 

M27C1 024-25F1 64K x 16 

M27C1024-12XF6 64K x 16 

M27C1024-15C1 64K x 16 

M27C1 024-20C1 64K X 16 

2M M27C2001-80XF1 256Kx8 

M27C2001-15XF1 256K x8 

M27C2001-20XF1 256K x8 

M27C2001-25XF1 256K x8 

M27C2001-10F1 256K x8 

M27C2001-12F1 256K x8 

M27C2001-15F1 256Kx 8 

M27C2001-20F1 256Kx 8 

M27C2001-12F6 256Kx 8 

M27C2001-20F6 256Kx 8 

M27C2001-12B1 256Kx 8 

M27C2001-15B1 256Kx 8 

M27C2001-1 OXC1 256Kx8 

M27C2001-12C1 256Kx 8 

M27C2001-15C1 256Kx 8 

M27C2001-12L1 256Kx 8 

M27V201-250L 1 256Kx8 

M27V201-200L6 256Kx 8 

M27V201-250L6 256Kx 8 

Speed 
(ns) 

200 

250 

120 

150 

200 

80 

150 

200 

250 

100 

120 

150 

200 

120 

200 

120 

150 

100 

120 

150 

120 

250 

200 

250 

Vee Range Active/Stby 

5V±10% 35mA 11 OOJ.!A 

5V±10% 35mA 11 OOJ.!A 

5V+5% 35m A 11 OOJ.IA 

5V±10% 35m A 11 OOJ.IA 

5V±10% 35mA 11 OOJ.IA 

5V±5% 30mA 11 OOJ.IA 

5V±5% 35mA 1200J.IA 

5V±5% 35mAI200!lA 

5V±5% 35mAI200!lA 

5V±10% 30mAI100!lA 

5V±10% 30mA 11 OOJ.IA 

5V±10% 35mAI200!lA 

5V±10% 35mA I 200J.IA 

5V±10% 35mAI100!lA 

5V±10% 35mA I 200J.IA 

5V±10% 30mA 11 OOJ.IA 

5V+10% 30mAI100!lA 

5V±5% 30mAI100!lA 

5V±10% 30mAI100!lA 

5V±10% 30mAI100!lA 

5V+10% 30mA 11 OOJ.!A 

3.0to 5.5V 30mAI100!lA 

3.2to5.5V 35m A 11 OOJ.IA 

3.2to5.5V 35mA 1100J.IA 

NON VOLATILE MEMORIES 

Programming Temperature Package Range (0 C) 

PRESTO II, 7 sec. Oto70 FDIP40W 

PRESTO II, 7 sec. Oto70 FDIP40W 

PRESTO II, 7 sec. -40 to 85 FDIP40W 

PRESTO II, 7 sec. Oto 70 PLCC44 

PRESTO II, 7 sec. Oto 70 PLCC44 

PRESTO II, 26 sec. Oto70 FDIP32W 

PRESTO II, 26 sec. Oto70 FDIP32W 

PRESTO II, 26 sec. Oto 70 FDIP32W 

PRESTO II, 26 sec. Oto 70 FDIP32W 

PRESTO II, 26 sec. Oto 70 FDIP32W 

PRESTO II, 26 sec. Oto 70 FDIP32W 

PRESTO II, 26 sec. Oto70 FDIP32W 

PRESTO II, 26 sec. Oto70 FDIP32W 

PRESTO II, 26 sec. -40 to 85 FDIP32W 

PRESTO II, 26 sec. -40 to 85 FDIP32W 

PRESTO II, 26 sec. Oto70 PDIP32 

PRESTO II, 26 sec. Oto70 PDIP32 

PRESTO II, 26 sec. Oto70 PLCC32 

PRESTO II, 26 sec. Oto70 PLCC32 

PRESTO II, 26 sec. Oto70 PLCC32 

PRESTO II, 26 sec. Oto 70 LCCC32W 

PRESTO II, 26 sec. Oto 70 LCCC32W 

PRESTO II, 26 sec. -40 to 85 LCCC32W 

PRESTO II, 26 sec. -40 to 85 LCCC32W 
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CMOS UV EPROM and OTP ROM (cont'd) 

Size Part Number Organisation 

4M M27C4001-80XF1 512Kx 8 

M27C4001-1 OXF1 512Kx 8 

M27C4001-1 OF1 512K x 8 

M27C400 1-12F1 512Kx8 

M27C4001-15F1 512Kx8 

M27C4001-12F6 512Kx8 

M27C4001-15F6 512K x 8 

M27C4001-10F2 512K x 8 

M27C4001-12B1 512K X 8 

M27C4001-1581 512K X 8 

M27C4001-10XC1 512K x 8 

M27C4001-12C1 512K x 8 

M27C4001-15C1 512Kx8 

M27C4001-12L1 512Kx8 

M27V401-250L 1 512K x 8 

M27V401-200L6 512K x 8 

M27V401-250L6 512K x 8 

M27C4002-1 OXF1 256Kx 16 

M27C4002-1 OF1 256Kx 16 

M27C4002-12F1 256K x 16 

M27C4002-15F1 256K x 16 

M27C4002-12F6 256Kx 16 

M27C4002-15F6 256Kx 16 

M27C4002-10F2 256Kx 16 _ 

Speed Vee Range (ns) 

80 5V±5% 

100 5V±5% 

100 5V±10% 

120 5V±10% 

150 5V±10% 

120 5V±10% 

150 5V±10% 

100 5V±10% 

120 5V±10% 

150 5V±10% 

100 5V±5% 

120 5V± 10% 

150 5V±10% 

120 5V±10% 

250 3.0to5.5V 

200 3.2to5.5V 

250 3.2 to 5.5V 

100 5V±5% 

100 5V±10% 

120 5V±10% 

150 5V±10% 

120 5V±10% 

150 5V±10% 

L__100 5V±10% 
-

Active/Stby 

SOmA/ 100f1A 

SOmA I 1 OOflA 

SOmA/ 100f1A 

SOmA/ 100f1A 

SOmA/ 100f1A 

SOmA/ 100flA 

SOmA I 1 OOflA 

SOmA/ 100flA 

SOmA/ 100f1A 

SOmA/ 100f1A 

SOmA/ 100f1A 

SOmA I 1 OOflA 

SOmA/ 100flA 

SOmA/ 100flA 

SOmA/ 100flA 

SOmA/ 100f1A 

SOmA I 1 OOflA 

SOmA/ 100f1A 

SOmA I 1 OOflA 

SOmA/ 100f1A 

SOmA/ 100f1A 

SOmA/ 100flA 

SOmA I 1 OOflA 

SOmA/ 100flA 

NON VOLATILE MEMORIES 

Programming Temperature Package Range (°C) 

PRESTO II, 52 sec. Oto 70 FDIP32W 

PRESTO II, 52 sec. Oto 70 FDIP32W 

PRESTO II, 52 sec. Oto 70 FDIP32W 

PRESTO II, 52 sec. Oto 70 FDIP32W 

PRESTO II, 52 sec. Oto 70 FDIP32W 

PRESTO II, 52 sec. -40 to 85 FDIP32W 

PRESTO II, 52 sec. -40 to 85 FDIP32W 

PRESTO II, 52 sec. -55 to 125 FDIP32W 

PRESTO II, 52 sec. Oto 70 PDIP32 

PRESTO II, 52 sec. Oto 70 PDIP32 

PRESTO II, 52 sec. Oto 70 PLCC32 

PRESTO II, 52 sec. Oto 70 PLCC32 

PRESTO II, 52 sec. Oto70 PLCC32 

PRESTO II, 52 sec. Oto 70 LCCC32W 

PRESTO II, 52 sec. Oto 70 LCCC32W 

PRESTO II, 52 sec. -40to85 LCCC32W 

PRESTO II, 52 sec. -40to85 LCCC32W 

PRESTO II, 26 sec. Oto70 FDIP40W 

PRESTO II, 26 sec. Oto70 FDIP40W 

PRESTO II, 26 sec. Oto70 FDIP40W 

PRESTO II, 26 sec. Oto70 FDIP40W 

PRESTO II, 26 sec. -40to85 FDIP40W 

PRESTO II, 26 sec. -40to85 FDIP40W 

PRES"f9JI, 26 sec. -55 to 125 FDIP40W 
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CMOS UV EPROM and OTP ROM (cont'd) 
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Size 

4M 

16M 

Part Number 

M27C4002-12J1 

M27C4002-12J6 

M27C4002-1SB1 

M27C4002-12XC1 

M27C4002-1SC 1 

M27C160-1SOF1 

M27C160-200F1 

©lU) 

~~ NMOS UV EPROM 

Size Part Number 

16K M2716F1 

M2716-1 F1 

M2716-1F6 

32K M2732A-2F1 

M2732AF1 

M2732A-3F1 

M2732A-4F1 

M2732AF6 

M2732A-4F6 

Organisation 

2S6K x 16 

2S6K X 16 

2S6K x 16 

2S6Kx 16 

2S6Kx 16 

x8/ x16 

x8/ x16 

Organisation 

2Kx 8 

2K X 8 

2K x 8 

4K x 8 

4K x 8 

4K x 8 

4Kx 8 

4Kx 8 

4K x 8 

Speed 
(ns) 

120 

120 

1SO 

120 

1SO 

1SO 

200 

Speed 
(ns) 

4SO 

3SO 

3SO 

200 

2SO 

300 

4SO 

2SO 

4SO 

Vee Range Active/Stby 

SV±10% SOmA/1001-lA 

SV±10% SOmA /1 001-lA 

SV+10% SOmA /1 001-lA 

SV±S% SOmA/1001-lA 

SV+10% SOmA /1 001-lA 

5V±10% SOmA /1 001-lA 

SV±10% SOmA /1 001-lA 

Vee Range Active/Stby 

SV±5% 100mA/25mA 

SV± 10% 100mA/25mA 

SV+ 10% 100mA/25mA 

SV±5% 12SmA/35mA 

SV±5% 12SmA/35mA 

SV±5% 125mA/35mA 

SV±S% 12SmA/3SmA 

SV±S% 12SmA/3SmA 

SV+S% 12SmA/3SmA 

NON VOLATILE MEMORIES 

Programming Temperature Package Range (°C) 

PRESTO II, 26 sec. Oto 70 JLCC44W 

PRESTO II, 26 sec. -40 to 8S JLCC44W 

PRESTO II, 26 sec. Oto 70 PDIP40 

PRESTO II, 26 sec. Oto 70 PLCC44 

PRESTO II, 26 sec. Oto 70 PLCC44 

PRESTO II, 10 sec Oto 70 FDIP42W 

PRESTO II, 10 sec 0 to 70 FDIP42W 

Programming Temperature Package Range (°C) 

Fixed pulse, 100 sec. 0 to 70 FDIP24W 

Fixed pulse, 100 sec. 0 to 70 FDIP24W 

Fixed pulse, 100 sec. -40 to 8S FDIP24W 

Fixed pulse, 200 sec. 0 to 70 FDIP24W 

Fixed pulse, 200 sec. 0 to 70 FDIP24W 

Fixed pulse, 200 sec. 0 to 70 FDIP24W 

Fixed pulse, 200 sec. 0 to 70 FDIP24W 

Fixed pulse, 200 sec. -40 to 8S FDIP24W 

Fixed pulse, 200 sec. -40 to 8S FDIP24W 
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NMOS UV EPROM (cont'd) 

Size Part Number 

64K M2764A-1F1 

M2764A-2F1 

M2764AF1 

M2764A-3F1 

M2764A-4F1 

M2764A-20F1 

M2764A-25F1 

M2764A-2F6 

M2764AF6 

M2764A-4F6 

128K M27128A-2F1 

M27128AF1 

M27128A-3F1 

M27128A-4F1 

M27128A-20F1 

M27128A-25F1 

M27128A-30F1 

M27128AF6 

256K M27256-1F1 

M27256-2F1 

M27256F1 

M27256-3F1 

M27256-4F1 

M27256-20F1 

Organisation Speed 
{ns) 

8K x 8 180 

8K x 8 200 

8K x 8 250 

8K x 8 300 

8K x 8 450 

8K x 8 200 

8K x 8 250 

8K x 8 200 

8K x 8 250 

8K x 8 450 

16Kx 8 200 

16K x 8 250 

16Kx 8 300 

16Kx 8 450 

16K x 8 200 

16Kx 8 250 

16K x 8 300 

16K x 8 250 

32K x 8 170 

32K x 8 200 

32Kx 8 250 

32Kx 8 300 

32K x 8 450 

32Kx 8 200 

Vee Range Active/Stby 

5V±5% 75mA/35mA 

5V±5% 75mA/35mA 

5V±5% 75mA/35mA 

5V±5% 75mA/35mA 

5V±5% 75mA/35mA 

5V± 10% 75mA/35mA 

5V±10% 75mA/35mA 

5V±5% 75mA/35mA 

5V±5% 75mA/35mA 

5V±5% 75mA/35mA 

5V±5% 85mA/40mA 

5V±5% 85mA/40mA 

5V±5% 85mA/40mA 

5V±5% 85mA/40mA 

5V± 10% 85mA/40mA 

5V± 10% 85mA/40mA 

5V± 10% 85mA/40mA 

5V+5% 85mA/40mA 

5V±5% 100mA/40mA 

5V±5% 100mA/40mA 

5V±5% 100mA/40mA 

5V±5% 100mA/40mA 

5V±5% 100mA/40mA 

5V± 10% 100mA/40mA 

NON VOLATILE MEMORIES 

Programming Temperature Package Range (°C) 

Fast, 32 sec. 0 to 70 FDIP28W 

Fast, 32 sec. 0 to 70 FDIP28W 

Fast, 32 sec. 0 to 70 FDIP28W 

Fast, 32 sec. 0 to 70 FDIP28W 

Fast, 32 sec. 0 to 70 FDIP28W 

Fast, 32 sec. 0 to 70 FDIP28W 

Fast, 32 sec. 0 to 70 FDIP28W 

Fast, 32 sec. -40 to 85 FDIP28W 

Fast, 32 sec. -40 to 85 FDIP28W 

Fast, 32 sec. -40 to 85 FDIP28W 

Fast, 64 sec. 0 to 70 FDIP28W 

Fast, 64 sec. 0 to 70 FDIP28W 

Fast, 64 sec. 0 to 70 FDIP28W 

Fast, 64 sec. 0 to 70 FDIP28W 

Fast, 64 sec. 0 to 70 FDIP28W 

Fast, 64 sec. 0 to 70 FDIP28W 

Fast, 64 sec. 0 to 70 FDIP28W 

Fast, 64 sec. -40 to 85 FDIP28W 

Fast, 128 sec. 0 to 70 FDIP28W 

Fast, 128 sec. 0 to 70 FDIP28W 

Fast, 128 sec. 0 to 70 FDIP28W 

Fast, 128 sec. 0 to 70 FDIP28W 

Fast, 128 sec. 0 to 70 FDIP28W 

Fast, 128 sec. 0 to 70 FDIP28W 
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NON VOLATILE MEMORIES 

NMOS UV EPROM (cont'd) 

Size P"t Numbec I Ocg'";,., 

256K M27256-25F1 32K X 8 

M27256F6 32K x 8 

512K M27512-2F1 -r ;'"· e i M27512F1 32K x 8 
i M27512-3F1 32K x 8 I 

I 

M27512-20F1 
i 

32K x 8 
I 

M27512~2Kx8 
M27512-2F6 32K X 8 

M27512F6 32K X 8 

I ~ -~ r-s eed . . Tern erature Package 1 on-~~- fn~-J~~~~~-n-~e__j_A:~ve/S~~-~ --~~:~r-ammm~-- Ra~~-~C)-~ __:_ackag:_ 

I 
250 I 5V .t 10% I 1 OOmA/40mA Fast, 128 sec. 0 to 70 I FDIP28W 

__ 250 5V ± 5% j ___ _1_001Tl_~l_±()_mA ___ ___F'_ast. 128 s~---~ _-:-40 to 8~--~---£PJ_P_;!_I?~ 

200 5V ± 5% I 125mAI40mA PRESTO, 32 sec 0 to 70 FDIP28W 

250 5V ± 5% 125mAI40mA PRESTO. 32 sec. 0 to 70 FDIP28W 

I 300 5V ± 5% I 125mAI40mA PRESTO. 32 sec. 0 to 70 , FDIP28W 

200 5V ± 10% I 125mA/40mA PRESTO, 32 sec. 0 to 7. 0 1

1

1 

FDIP28W: r· 

250 5V ± 10% 125mAi40mA PRESTO. 32 sec 0 to 70 FDIP28W 

200 5V ± 5% L 125mAI40mA PRESTO, 32 sec -40 to 85 I FDIP28W 

__1 ___ 2~-~ ~ .t 5% -~ 125mAI40mA PRESTO, 32 sec __:=iQ_tc:>_B~_ ho_~'=.2_8_'.y 

FLASH MEMORIES 
,--- ·--......---~---, ~---~~~,----

i ! I 
Speed I Temperature 1 P k Size Part Number Organisation I (ns) i Vee Range Active/Stby Programming Range(°C) 1 ac age 

i 
I 
I 

256K 
I 

-~ 

30mA I 200ftA l-PRESTO F. 12VI1 Op~ M28F256·1 OXB 1 32K x 8 100 . 5V±5% 0 to 70 PDIP32 

M28F256A-10XB1 32K x8 
I 

100 5V±5% 30mA I 200ftA PRESTO F, 12VI1 Ops 0 to 70 PDIP32 

M28F256-12B1 32K x 8 I 120 5V± 10% 30mA I 200.ttA 
1 

PRESTO F, 12VI1 Ops 0 to 70 PDIP32 

M28F256A-12B 1 
I 

32K x 8 

I 

PRESTO F, 12VI10ps 120 5V± 10% 30mA I 200.ttA 0 to 70 PDIP32 

M28F256-15B1 32K x 8 I 150 5V± 10% 30mA I 200ftA PRESTO F, 12Vi10ps 0 to 70 PDIP32 ! 
M28F256A-15B1 32K x 8 

I 

150 5V± 10% 30mA I 200ftA ! PRESTO F, 12V/10ftS 0 to 70 PDIP32 
I 

! M28F256A-20B 1 32K X 8 I 200 5V± 10% 30mA I 200ftA PRESTO F, 12V/10ftS 0 to 70 PDIP32 

M28F256A-12XB6 32K x 8 I 120 5V± 5% 30mA I 200ftA PRESTO F, 12V/10>tS -40 to 85 PDIP32 
---
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FLASH MEMORIES (cont'd) 

Size Part Number 

256K M28F256-12B6 

M28F256A-12B6 

M28F256-15B6 

M28F256A-15B6 

M28F256A-12XB3 

M28F256-15B3 

M28F256A-15B3 

M28F256-1 OXC 1 

i 
M28F256A-10XC1 

I 
M28F256-12C1 I 

M28F256A-12C1 

M28 F256-1 5C 1 

M28F256A-15C 1 

M28F256-20C1 

M28F256A-20C1 

M28F256A-12XC6 

M28F256A-12C6 

M28F256A-15C6 

M28F256A-12XC3 

M28F256-12C3 

M28F256-15C3 

M28F256A-15C3 

512K M28F512-10XB1 

M28F512-12B1 

Organisation Speed Vee Range (ns) 

32Kx8 120 5V± 10% 

32Kx8 120 5V± 10% 

32Kx8 150 5V± 10% 

32Kx8 150 5V± 10% 

32Kx8 120 5V±5% 

32Kx8 150 5V± 10% 

32Kx8 150 5V± 10% 
~-

32Kx8 100 5V:t5% 

32Kx8 100 5Vi5% 

32Kx8 120 5V± 10~{, 

32Kx8 120 5V± 10% 

32K x 8 150 5V± 10% 

32K x8 150 5V .±: 10% 

32K x 8 
I 

200 5V± 10% 

32K x8 200 5V± 10% 

32K x 8 120 5V±5% 

32K x8 120 5V ± 10% 

32Kx8 150 5V± 10% 

32K x8 120 5V±5% 

32K x8 120 5V± 10% 

32K x8 150 5V± 10% 

32K x8 150 5V± 10% 
--~ 

64K x8 

I 

100 5V± 5% 

64K x8 120 I 5V± 10% 

Active/Stby 

30mAI200flA 

30mAI200flA 

30mAI200flA 

30mAI200flA 

30mAI200flA 

30mAI200flA 

30mA 1200flA 
- --

30mA I 200~tA 

30mA I 200~tA 

30mAI200)1A 

30mAI 200pA 

30mAI200)1A 

30mA I 200rtA 

30mA I 200~tA 

30mA I 200ftA 

30mA I 200ftA 

30mA I 200rtA 

30mA I 200rtA 

30mA I 200rtA 

30mA I 200rtA 

30mAI 200f1A 

30mA I 200rtA 

30mAI200pA 

I 30mA I 200rtA 

NON VOLATILE MEMORIES 

Programming 
Temperature Package Range (°C) 

PRESTO F, 12VI10flS -40 to 85 PDIP32 

PRESTO F, 12VI10f1S -40 to 85 PDIP32 

PRESTO F, 12VI10f1S -40 to 85 PDIP32 

PRESTO F, 12VI10f1S -40 to 85 PDIP32 

PRESTO F, 12VI10f1S -40 to 125 PDIP32 

PRESTO F, 12VI10f1S -40 to 125 PDIP32 

PREST()£, !~.{~OJ!~ -40 to 125 PDIP32 
------ -~ ---- ~--------

PRESTO F, 12VI10ftS Oto 70 PLCC32 

PRESTO F, 12VI10~ts Oto 70 PLCC32 

PRESTO F, 12VI10ps Oto 70 PLCC32 

PRESTO F, 12VI10~ts 
I 0 to 70 PLCC32 

PRESTO F, 12VI10~ts 0 to 70 PLCC32 

PRESTO F, 12VI10ps 0 to 70 PLCC32 

PRESTO F, 12VI10~ts 0 to 70 PLCC32 

PRESTO F, 12VI10ftS Oto 70 PLCC32 

PRESTO F, 12VI10~ts -40 to 85 PLCC32 

PRESTO F, 12VI10rts -40 to 85 PLCC32 

PRESTO F, 12VI10ps -40 to 85 PLCC32 

PRESTO F, 12VI10ps -40 to 125 PLCC32 

PRESTO F, 12VI10f1S -40 to 125 PLCC32 

PRESTO F, 12VI10f1S -40 to 125 PLCC32 

"--~RESTO F, 12VI10fts -40 to 125 PLCC32 
~~-~- ~-

I PRESTOF, 12VI10ftS 0 to 70 PDIP32 

! PRESTO F, 12VI1 O~ts 0 to 70 PDIP32 
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FLASH MEMORIES (cont'd) 

Size Part Number 

512K M28F512-15B1 

M28F512-20B1 

M28F512-12XB6 

M28F512-12B6 

M28F512-15B6 

M28F512-12XB3 

M28F512-15B3 

M28F512-10XC1 

M28F512-12C1 

M28F512-15C1 

M28F512-20C1 

M28F512-12XC6 

M28F512-12C6 

M28F512-15C6 

M28F512-12XC3 

M28F512-15C3 

1M M28F101-10XP1 

M28F141-10XP1 

M28F1 01-12XP1 

M28F141-12XP1 

M28F1 01-15P1 

M28F141-15P1 

Organisation Speed 
(ns) 

64Kx8 150 

64Kx8 200 

64Kx8 120 

64Kx8 120 

64Kx8 150 

64Kx8 120 

64Kx8 150 

64Kx8 100 

64Kx8 120 

64Kx8 150 

64Kx8 200 

64Kx8 120 

64Kx8 120 

64Kx8 150 

64Kx8 120 

64Kx8 150 

128K x 8 100 

128K x 8 100 
(4 Blocks) 

128K x 8 120 

128K x 8 120 
(4 Blocks) 

128K x 8 150 

128Kx8 150 
(4 Blocks) 

Vee Range Active/Stby 

5V± 10% 30mAI200J.lA 

5V± 10% 30mA I 200J.lA 

5V±5% 30mAI200J.lA 

5V± 10% 30mA I 200J.lA 

5V± 10% 30mA I 200J.lA 

5V±5% 30mAI200J.lA 

5V± 10% 30mA I 200J.lA 

5V±5% 30m A I 200J.lA 

5V± 10% 30mAI200J.lA 

5V± 10% 30m A I 200J.lA 

5V± 10% 30m A I 200J.lA 

5V±5% 30mAI200J.lA 

5V± 10% 30mAI200J.lA 

5V± 10% 30m A I 200J.lA 

5V±5% 30m A I 200J.lA 

5V± 10% 30mAI200J.lA 

5V±5% 30mA I 1 OOJ.lA 

5V±5% 30mA I 1 OOJ.lA 

5V±5% 30mA I 1 OOJ.lA 

5V±5% 30mA I 1 OOJ.lA 

5V± 10% 30mA I 1 OOJ.lA 

5V±5% 30mA I 1 OOJ.lA 

NON VOLATILE MEMORIES 

Programming Temperature Package 
Range (°C) 

PRESTO F, 12VI10J.lS Oto70 PDIP32 

PRESTO F, 12VI10J.lS Oto 70 PDIP32 

PRESTO F, 12V/10J.lS -40to85 PDIP32 

PRESTO F, 12VI10J.lS -40to85 PDIP32 

PRESTO F, 12VI10J.lS -40to85 PDIP32 

PRESTO F, 12VI10J.lS -40 to 125 PDIP32 

PRESTO F, 12VI10J.lS -40to 125 PDIP32 

PRESTO F, 12VI10J.ls Oto70 PLCC32 

PRESTO F, 12VI10J.lS Oto70 PLCC32 

PRESTO F, 12VI10J.lS Oto70 PLCC32 

PRESTO F, 12VI10J.lS Oto70 PLCC32 

PRESTO F, 12VI10J.lS -40 to 85 PLCC32 

PRESTO F, 12VI10J.lS -40to85 PLCC32 

PRESTO F, 12VI10J.ls -40to85 PLCC32 

PRESTO F, 12VI10J.lS -40to 125 PLCC32 

PRESTO F, 12VI10J.lS -40to 125 PLCC32 

PRESTO F, 12VI10J.lS Oto70 PDIP32 

PRESTO F, Oto70 PDIP32 
4 x Block Erase 

PRESTO F, 12VI10J.lS Oto70 PDIP32 

PRESTO F, Oto70 PDIP32 
4 x Block Erase 

PRESTO F, 12VI10J.lS Oto70 PDIP32 

PRESTO F, Oto70 PDIP32 
4 x Block Erase 
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FLASH MEMORIES (cont'd) 

Size Part Number 

1M M28F1 01-12XP6 

M28F101-15P6 

M28F101-12XP3 

·M28F101-15P3 

M28F1 01-1 OXK.1 

M28F141-1 OXK1 

M28F1 01-12XK1 

M28F141-12XK1 

M28F1 01-15K1 

M28F141-15K1 

M28F1 01-12XK6 

M28F1 01-15K6 

M28F101-12XK3 

M28F1 01-15K3 

M28F1 01-12N1 

M28F101-15N1 

M28F1 02-1 OXP1 

M28F1 02-12XP1 

M28F1 02-1SP1 

M28F102-12XP6 

M28F1 02-1SP6 

M28F102-12XP3 

Organisation 

128K x 8 

128K x 8 

128K x 8 

128K x 8 

128K x 8 

128K x 8 
(4 Blocks) 

128K X 8 

128K x 8 
(4 Blocks) 

128K x 8 

128K x 8 
(4 Blocks) 

128K X 8 

128K x 8 

128K x 8 

128K x 8 

128K x 8 

128K x 8 

64K x 16 

64K x 16 

64K x 16 

64K x 16 

64K x 16 

64K x 16 

Speed Vee Range (ns) 

120 5V±5% 

150 5V± 10% 

120 5V±5% 

150 5V+ 10% 

100 5V±5% 

100 5V±5% 

120 5V±5% 

120 5V±5% 

150 5V± 10% 

150 5V±5% 

120 5V±5% 

150 5V±10% 

120 5V±5% 

150 5V+10% 

120 5V±10% 

150 5V± 10% 

100 5V±5% 

120 5V±5% 

150 5V±10% 

120 5V±S% 

150 5V± 10% 

120 5V±S% 

Active/Stby 

30mA I 100pA 

30mA/ 100pA 

30mA/ 100pA 

30mA/ 100)-IA 

30mA/ 100pA 

30mA/ 100pA 

30mA/ 100pA 

30mA/ 100)-IA 

30mA I 100pA 

30mA/ 100pA 

30mA/ 100pA 

30mA/ 100)-IA 

30mA/ 100)-IA 

30mA/ 100pA 

30mA/ 100pA 

30mA/ 100pA 

SOmA/ 100)-IA 

SOmA/ 100pA 

SOmA/ 100pA 

SOmA/ 100pA 

SOmA/ 100pA 

SOmA/ 100pA 

NON VOLATILE MEMORIES 

Programming Temperature Package Range (°C) 

PRESTO F, 12V/1 Ops -40 to 85 PDIP32 

PRESTO F, 12V/10ps -40 to 85 PDIP32 

PRESTO F, 12V/1 Ops -40 to 125 PDIP32 

PRESTO F, 12V/10ps -40 to 125 PDIP32 

PRESTO F, 12V/10ps Oto 70 PLCC32 

PRESTO F, Oto 70 PLCC32 
4 x Block Erase 

PRESTO F, 12V/10ps 0 to 70 PLCC32 

PRESTO F, 0 to 70 PLCC32 
4 x Block Erase 

PRESTO F, 12V/1 Ops 0 to 70 PLCC32 

PRESTO F, 0 to 70 PLCC32 
4 x Block Erase 

PRESTO F, 12V/1 Ops -40 to 85 PLCC32 

PRESTO F, 12V/1 Ops -40 to 85 PLCC32 

PRESTO F, 12V/1 Ops -40 to 125 PLCC32 

PRESTO F, 12V/1 Ops -40 to 125 PLCC32 

PRESTO F, 12V/1 O~ts 0 to 70 PTS032 

PRESTO F, 12V/10ps 0 to 70 PTS032 

PRESTO F, 12V/10ps 0 to 70 PDIP40 

PRESTO F, 12V/1 Ops 0 to 70 PDIP40 

PRESTO F, 12V/1 Ops 0 to 70 PDIP40 

PRESTO F, 12V/1 Ops -40 to 8S PDIP40 

PRESTO F, 12V/1 Ops -40 to 8S PDIP40 

PRESTO F, 12V/1 Ops -40 to 125 PDIP40 
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FLASH MEMORIES (cont'd) 

Size Part Number Organisation Speed 
Vee Range Active/Stby (ns) 

1M M28F1 02-15P3 64K x 16 150 5V± 10% 50mA I 100).!A 

M28F102-1 OXK1 64K x 16 100 5V±5% 50mA I 100).!A 

M28F102-12XK1 64K x 16 120 5V±5% 50mA I 100).!A 

M28F1 02-15K1 64K x 16 150 5V± 10% 50mA I 100).!A 

M28F1 02-12XK6 64K x 16 120 5V±5% 50mAI 100).!A 

M28F102-15K6 64K x 16 150 5V± 10% 50mAI 100).!A 

M28F1 02-12XK3 64K x 16 120 5V±5% 50mAI 100).!A 

M28F1 02-15K3 64K x 16 150 5V± 10% 50mAI 100).!A 

ROM 

Size Part Number Organisation 
Speed 

Vee Range (ns) 

512K M23C512B1ZZ 64K x 8 100 5V+10% 

1M M23C1000B1ZZ 128K x 8 100 5V±10% 

M23C1001B1ZZ* 128K x 8 100 5V±10% 

• EPROM compatible pin-out- ZZ is a code allocated for each ROM content 

NON VOLATILE MEMORIES 

Programming 
Temperature 

Package Range (0 C) 

PRESTO F, 12VI10).!S -40 to 125 PDIP40 

PRESTO F, 12VI10).!S 0 to 70 PLCC44 

PRESTO F, 12VI10~ts 0 to 70 PLCC44 

PRESTO F, 12VI10).!S 0 to 70 PLCC44 

PRESTO F, 12VI10).!S -40 to 85 PLCC44 

PRESTO F, 12VI10).!S -40 to 85 PLCC44 

PRESTO F, 12VI10).!S -40 to 125 PLCC44 

PRESTO F, 12VI10).!S -40 to 125 PLCC44 

Active/Standby 
Temperature 

Package Range (°C) 

40mAI 20).!A 0 to 70 PDIP28 

40mAI 20).!A Oto 70 PDIP28 

40mA_I20).lA 0 to 70 PDIP32 
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EEPROM, 12C and MICROWIRE Serial Access Bus 

Size Part Number Organisation Bus Type 

1K ST24C01B1 128 X 8 12C 

ST25C01B1 128 x8 12C 

ST24C01B6 128 x8 12C 

ST25C01B6 128 X 8 12C 

ST24C01B3 128 X 8 12C 

ST24C01M1 128 X 8 12C 

ST24C01 M1 013TR 128 x8 12C 

ST25C01M1 128 x8 12C 

ST25C01 M1 013TR 128 X 8 12C 

ST24C01M6 128 X 8 12C 

ST24C01 M6013TR 128x8 12C 

ST25C01M6 128 X 8 12C 

ST25C01 M6013TR 128 X 8 12C 

ST24C01M3 128 X 8 12C 

ST24C01 M3013TR 128 X 8 12C 

2K ST24C02AB1 256 X 8 12C 

ST24C02AB 1/ AAB 256 X 8 12C 

ST25C02AB1 256 X 8 12C 

ST24C02AB6 256 X 8 12C 

ST25C02AB6 256 X 8 12C 

ST24C02AB3 256 X 8 12C 

ST24C02AM1 256 X 8 12C 

ST24C02AM1 013TR 256 X 8 12C 

ST25C02AM1 256 X 8 12C 

Vee Range 

4.5to5.5V 

2.5to5.5V 

4.5to5.5V 

2.5to5.5V 

4.5to5.5V 

4.5to5.5V 

4.5to5.5V 

2.5to5.5V 

2.5to5.5V 

4.5to5.5V 

4.5to5.5V 

2.5to5.5V 

2.5to 5.5V 

4.5to 5.5V 

4.5to 5.5V 

4.5to5.5V 

4.5to5.5V 

2.5to 5.5V 

4.5to5.5V 

2.5to 5.5V 

4.5to 5.5V 

4.5to5.5V 

4.5to 5.5V 

2.5to5.5V 

NON VOLATILE MEMORIES 

Features Temperature Package Range (°C) 

Byte/Page Write Oto 70 PSDIP8 

Byte/Page Write 0 to 70 PSDIP8 

Byte/Page Write -40 to 85 PSDIP8 

Byte/Page Write -40to 85 PSDIP8 

Byte/Page Write -40 to 125 PSDIP8 

Byte/Page Write Oto 70 PS08 

Byte/Page Write 0 to 70 PS08TR 

Byte/Page Write Oto 70 PS08 

Byte/Page Write Oto70 PS08TR 

Byte/Page Write -40to 85 PS08 

Byte/Page Write -40to 85 PS08TR 

Byte/Page Write -40to 85 PS08 

Byte/Page Write -40 to 85 PS08TR 

Byte/Page Write -40to 125 PS08 

Byte/Page Write -40to 125 PS08TR 

Byte/Page Write Oto 70 PSDIP8 

Content all 00 Oto 70 PSDIP8 

Byte/Page Write Oto70 PSDIP8 

Byte/Page Wnte -40to85 PSDIP8 

Byte/Page Write -40to 85 PSDIP8 

Byte/Page Write -40to 125 PSDIP8 

Byte/Page Wnte Oto 70 PS08 

Byte/Page Write Oto70 PS08TR 

Byte/Page Write Oto70 PS08 
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EEPROM, 12C and MICROWIRE Serial Access Bus (cont'd) 

Size Part Number Organisation Bus Type 

2K ST25C02AM1 013TR 256 X 8 12C 

ST24C02AM6 256 X 8 12C 

ST24C02AM6013TR 256x 8 12C 

ST25C02AM6 256 X 8 12C 

ST24C02AM3 256 X 8 12C 

4K ST24C04B1 512 X 8 12C 

ST25C04B1 512 X 8 12C 

ST24C04B6 512 X 8 12C 

ST25C04B6 512 X 8 12C 

ST24C04B3 512 X 8 12C 

ST25C04B3 512 X 8 12C 

ST24C04ML1 512 X 8 12C 

ST24C04ML 1 013TR 512 X 8 12C 

ST25C04ML1 512 X 8 12C 

ST25C04ML 1 013TR 512 X 8 12C 

8K ST24C08B1 1Kx8 12C 

ST25C08B1 1K x8 12C 

ST24C08B6 1Kx8 12C 

ST25C08B6 1Kx8 12C 

16K ST24C16CB1 2Kx8 12C 

ST25C16CB1 2Kx8 12C 

ST24C16CB6 2Kx8 12C 

ST25C16CB6 2Kx8 12C 

256 ST93C06B1 32x8 or 16x16 MICROWIRE 

Vee Range Features 

2.5to 5.5V Byte/Page Write 

4.5to5.5V Byte/Page Write 

4.5to5.5V Byte/Page Write 

2.5to5.5V Byte/Page Write 

4.5to 5.5V Byte/Page Write 

4.5to5.5V Write Protection 

2.5to 5.5V Write Protection 

4.5to5.5V Write Protection 

2.5to5.5V Write Protection 

4.5to5.5V Write Protection 

2.5to5.5V Write Protection 

4.5to5.5V Write Protection 

4.5to5.5V Write Protection 

2.5to5.5V Write Protection 

2.5to5.5V Write Protection 

4.5to5.5V Write Protection 

2.5to5.5V Write Protection 

4.5to5.5V Write Protection 

2.5to5.5V Write Protection 

4.5to5.5V Write Protection 

2.5to5.5V Write Protection 

4.5to5.5V Wnte Protection 

25to5.5V Write Protection 

4.5to5.5V Dual Org, 1 MHz 

NON VOLATILE MEMORIES 

Temperature Package Range (°C) 

Oto70 PS08TR 

-40to85 PS08 

-40 to 85 PS08TR 

-40to85 PS08 

-40 to 125 PS08 

Oto70 PSDIP8 

Oto70 PSDIP8 

-40 to 85 PSDIP8 

-40 to 85 PSDIP8 

-40to 125 PSDIP8 

-40to 125 PSDIP8 

Oto70 PS014 

Oto70 PS014TR 

Oto70 PS014 

Oto 70 PS014TR 

Oto70 PSDIP8 

Oto70 PSDIP8 

-40to85 PSDIP8 

-40 to 85 PSDIP8 

Oto70 PSDIP8 

Oto70 PSDIP8 

-40to85 PSDIP8 

-40to85 PSDIP8 

Oto 70 PSDIP8 
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EEPROM, 12C and MICROWIRE Serial Access Bus (cont'd) 

Size Part Number Organisation Bus Type 

256 ST93C0686 32x8 or 16x16 MICROWIRE 

ST93C0683 32x8 or 16x16 MICROWIRE 

ST93C06M1 32x8 or 16x16 MICROWIRE 

ST93C06M1 013TR 32x8 or 16x16 MICROWIRE 

ST93C06M6 32x8 or 16x16 MICROWIRE 

ST93C06M6013TR 32x8 or 16x16 MICROWIRE 

ST93C06M3 32x8 or 16x16 MICROWIRE 

ST93C06M3013TR 32x8 or 16x16 MICROWIRE 

1K ST93CS4681 64 X 16 MICROWIRE 

ST93CS4781 64 X 16 MICROWIRE 

ST93CS4686 64 X 16 MICROWIRE 

ST93CS47B6 64 X 16 MICROWIRE 

ST93CS4683 64 X 16 MICROWIRE 

ST93CS46M1 64x 16 MICROWIRE 

ST93CS47M1 64 X 16 MICROWIRE 

ST93CS46M6 64 X 16 MICROWIRE 

ST93CS47M6 64 X 16 MICROWIRE 

ST93CS46M3 64x 16 MICROWIRE 

ST93CS46ML 1 64x 16 MICROWIRE 

ST93CS47ML 1 · 64x 16 MICROWIRE 

ST93CS46ML6 64 X 16 MICROWIRE 

ST93CS47ML6 64 X 16 MICROWIRE 

ST93C46AB1 128x8 or 64x16 MICROWIRE 

ST93C46AB6 128x8 or 64x16 MICROWIRE 
- ·-

Vee Range 

4.5to 5.5V 

4.5 to 5.5V 

4.5 to 5.5V 

4.5 to 5.5V 

4.5 to 5.5V 

4.5 to 5.5V 

4.5 to 5.5V 

4.5to 5.5V 

4.5to 5.5V 

2.5 to 5.5V 

4.5 to 5.5V 

2.5 to 5.5V 

4.5 to 5.5V 

4.5 to 5.5V 

2.5 to 5.5V 

4.5 to 5.5V 

2.5 to 5.5V 

4.5 to 5.5V 

4.5 to 5.5V 

2.5 to 5.5V 

4.5 to 5.5V 

2.5 to 5.5V 

4.5 to 5.5V 

4.5 to 5.5V 

Features 

Dual Org, 1 MHz 

Dual Org, 1 MHz 

Dual Org, 1 MHz 

Dual Org, 1 MHz 

Dual Org, 1 MHz 

Dual Org, 1MHz 

Dual Org, 1 MHz 

Dual Org, 1 MHz 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Dual Org, 1 MHz 

Dual Org,1 MHz 

NON VOLATILE MEMORIES 

Temperature Package 
Range (0 C) 

-40 to 85 PSDIP8 

-40 to 125 PSDIP8 

Oto 70 PS08 

Oto 70 PS08TR 

-40 to 85 PS08 

-40 to 85 PS08TR 

-40 to 125 PS08 

-40 to 125 PS08TR 

Oto 70 PSDIP8 

Oto 70 PSDIP8 

-40 to 85 PSDIP8 

-40 to 85 PSDIP8 

-40 to 125 PSDIP8 

Oto 70 PS08 

0 to 70 PS08 

-40 to 85 PS08 

-40 to 85 PS08 

-40 to 125 PS08 

Oto 70 PS014 

Oto 70 PS014 

-40 to 85 PS014 

-40 to 85 PS014 

Oto 70 PSDIP8 

-40 to 85 PSDIP8 
- ---
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EEPROM, 12C and MICROWIRE Serial Access Bus (cont'd) 

Size Part Number Organisation Bus Type 

1K STg3C46AB3 128x8 or 64x16 MICROWIRE 

STg3C46AM1 128x8 or 64x16 MICROWIRE 

STg3C46AM1 013TR 128x8 or 64x16 MICROWIRE 

STg3C46TM1 128x8 or 64x16 MICROWIRE 

STg3C46TM1 013TR 128x8 or 64x16 MICROWIRE 

STg3C46AM6 128x8 or 64x16 MICROWIRE 

STg3C46AM6013TR 128x8 or 64x16 MICROWIRE 

STg3C46TM6 128x8 or 64x16 MICROWIRE 

STg3C46TM6013TR 128x8 or 64x16 MICROWIRE 

STg3C46AM3 128x8 or 64x16 MICROWIRE 

STg3C46AM3013TR 128x8 or 64x16 MICROWIRE 

STg3C46TM3 128x8 or 64x16 MICROWIRE 

STg3C46TM3013TR 128x8 or 64x16 MICROWIRE 

2K STg3CS5681 128 X 16 MICROWIRE 

STg3CS5781 128 X 16 MICROWIRE 

STg3CS5686 128 X 16 MICROWIRE 

STg3CS5786 128x 16 MICROWIRE 

STg3CS5683 128x 16 MICROWIRE 

STg3CS56M1 128x 16 MICROWIRE 

STg3CS56M1 013TR 128 X 16 MICROWIRE 

STg3CS57M1 128 X 16 MICROWIRE 

STg3CS56M6 128 X 16 MICROWIRE 

STg3CS57M6 128x 16 MICROWIRE 

STg3CS56M3 128 X 16 MICROWIRE 

Vee Range 

4.5 to 5.5V 

4.5 to 5.5V 

4.5to 5.5V 

4.5to5.5V 

4.5to 5.5V 

4.5to5.5V 

4.5 to 5.5V 

4.5 to 5.5V 

4.5 to 5.5V 

4.5 to 5.5V 

4.5 to 5.5V 

4.5to 5.5V 

4.5to5.5V 

4.5to5.5V 

2.5to5.5V 

4.5to5.5V 

2.5 to 5.5V 

4.5 to 5.5V 

4.5 to 5.5V 

4.5to 5.5V 

2.5to 5.5V 

4.5to 5.5V 

2.5to 5.5V 

4.5to5.5V 

NON VOLATILE MEMORIES 

Features Temperature Package Range (°C) 

Dual Org, 1 MHz -40 to 125 PSDIP8 

Dual Org, 1 MHz Oto 70 PS08 

Dual Org, 1 MHz Oto 70 PS08TR 

goo Turn Pinout Oto70 PS08 

goo Turn Pinout Oto70 PS08TR 

Dual Org, 1 MHz -40to 85 PS08 

Dual Org, 1 MHz -40to 85 PS08TR 

goo Turn Pinout -40to85 PS08 

goo Turn Pinout -40to85 PS08TR 

Dual Org, 1 MHz -40to 125 PS08 

Dual Org, 1 MHz -40to 125 PS08TR 

goo Turn Pinout -40to 125 PS08 

goo Turn Pinout -40 to 125 PS08TR 

Write Protection Oto70 PSDIP8 

Write Protection Oto70 PSDIP8 

Write Protection -40 to 85 PSDIP8 

Write Protection -40to85 PSDIP8 

Write Protection -40to 125 PSDIP8 

Write Protection Oto70 PS08 

Write Protection Oto70 PS08TR 

Write Protection Oto70 PS08 

Write Protection -40to 85 PS08 

Write Protection -40to 85 PS08 

Write Protection -40to 125 PS08 
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EEPROM, I2C and MICROWIRE Serial Access Bus (cont'd) 

Size Part Number Organisation Bus Type 

2K ST93CS56ML 1 128x 16 MICROWIRE 

ST93CS57ML 1 128 X 16 MICROWIRE 

ST93CS56ML6 128x 16 MICROWIRE 

ST93CS57ML6 128x 16 MICROWIRE 

ST93CS56ML3 128x 16 MICROWIRE 

ST93C56B1 256x8 or 128x16 MICROWIRE 

ST93C56B6 256x8 or 128x16 MICROWIRE 

ST93C56B3 256x8 or 128x16 MICROWIRE 

ST93C56M1 256x8 or 128x 16 MICROWIRE 

ST93C56M6 256x8 or 128x16 MICROWIRE 

ST93C56M3 256x8 or 128x16 MICROWIRE 

4K ST93CS66B1 256 X 16 MICROWIRE 

ST93CS67B1 256 X 16 MICROWIRE 

ST93CS66B6 256 X 16 MICROWIRE 

ST93CS67B6 256 X 16 MICROWIRE 

ST93CS66B3 256 X 16 MICROWIRE 

ST93CS67B3 256 X 16 MICROWIRE 

ST93CS66ML 1 256 X 16 MICROWIRE 

ST93C66CB1 512x8 or 256x16 MICROWIRE 

ST93C66CB6 512x8 or 256x16 MICROWIRE 

ST93C66CB3 512x8 or 256x16 MICROWIRE 

ST93C66CM1 512x8 or 256x16 MICROWIRE 

ST93C66CM6 512x8 or 256x16 MICROWIRE 

ST93C66CM3 512x8 or 256x16 MICR()y.JIRE 

Vee Range Features 

4.5to5.5V Write Protection 

2.5 to 5.5V Write Protection 

4.5to 5.5V Write Protection 

2.5to5.5V Write Protection 

4.5to5.5V Write Protection 

4.5 to 5.5V Dual Org, 1 MHz 

4.5to5.5V Dual Org, 1 MHz 

4.5 to 5.5V Dual Org, 1 MHz 

4.5 to 5.5V Dual Org, 1 MHz 

4.5 to 5.5V Dual Org, 1 MHz 

4.5to5.5V Dual Org, 1 MHz 

4.5to5.5V Write Protection 

2.5 to 5.5V Write Protection 

4.5to5.5V Write Protection 

2.5to5.5V Write Protection 

4.5 to 5.5V Write Protection 

2.5 to 5.5V Write Protection 

4.5 to 5.5V Write Protection 

4.5 to 5.5V Dual Org, 1 MHz 

4.5to5.5V Dual Org, 1 MHz 

4.5to5.5V Dual Org, 1 MHz 

4.5 to 5.5V Dual Org, 1 MHz 

4.5 to 5.5V Dual Org, 1 MHz 

4.5 to 5.5V Dual Org, 1 MHz 

NON VOLATILE MEMORIES 

Temperature Package 
Range (0 C) 

Oto70 PS014 

Oto 70 PS014 

-40to 85 PS014 

-40 to 85 PS014 

-40to 125 PS014 

Oto 70 PSDIP8 

-40to85 PSDIP8 

-40to 125 .PSDIP8 

Oto 70 PS08 

-40 to 85 PS08 

-40 to 125 PS08 

Oto 70 PSDIP8 

Oto70 PSDIP8 

-40to85 PSDIP8 

-40to85 PSDIP8 

-40 to 125 PSDIP8 

-40 to 125 PSDIP8 

-40to85 PS014 

Oto 70 PSDIP8 

-40to 85 PSDIP8 

-40to 125 PSDIP8 

Oto 70 PS08 

-40 to 85 PS08 

-40to 125 PS08 
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EEPROM, Parallel Access Bus 

Size Part Number Organisation 

64K M28C64C-150P1 8Kx8 

M28C64C-200P1 8Kx8 

M28C64C-150P6 8Kx8 

M28C64C-200P6 8Kx8 

M28C64C-150K1 8Kx 8 

M28C64C-200K1 8Kx 8 

M28C64C-150K6 8Kx 8 

M28C64C-200K6 8Kx 8 

M28C64C-150M 1 8Kx8 

M28C64C-200M 1 8Kx8 

M28C64C-150M6 8K x 8 

M28C64C-200M6 8Kx 8 

Speed 
Vee Range (ns) 

150 5V±10% 

200 5V±10% 

150 5V±10% 

200 5V+10% 

150 5V± 10% 

200 5V± 10% 

150 5V±10% 

200 5V±10% 

150 5V±10% 

200 5V±10% 

150 5V±10% 

200 5V± 10% 

Active/Stby 

30mA I 100)lA 

30mAI 100)lA 

30mAI 100)lA 

30mA/100)lA 

30mA /100)lA 

30mA /100)lA 

30mA /100)lA 

30mA/100)lA 

30mAI 100)lA 

30mA I 1 OO)lA 

30mA /100)lA 

30mA /100)lA 

NON VOLATILE MEMORIES 

Programming 
Temperature 

Package Range (0 C) 

5ms Oto 70 PDIP28 

5ms Oto 70 PDIP28 

5ms -40 to 85 PDIP28 

5ms -40 to 85 PDIP28 

5ms 0 to 70 PLCC32 

5ms 0 to 70 PLCC32 

5ms -40 to 85 PLCC32 

5ms -40 to 85 PLCC32 

5ms 0 to 70 PS028 

5ms 0 to 70 PS028 

5ms -40 to 85 PS028 

5ms -40 to 85 PS028 
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FASTSRAM 

Size Part Number 

64K M621.064-1 OPS1 

M621064-12PS1 

M621064-15PS1 

M621064-20PS1 

M621064-10E1 

M621064-12E1 

M621064-15E1 

M621 064-20E1 

M624016-1 OPS1 

M624016-12PS1 

M624016-15PS1 

M624016-20PS1 

M624016-10E1 

M624016-12E1 

M624016-15E1 

M624016-20E1 

M624017-10PS1 

M624017-12PS1 

M624017-15PS1 

M624017-20PS1 

M624017-10E1 

M624017-12E1 

M624017-15E1 

M624017-20E1 

Organisation 

64K x 1 

64K x 1 

64K x 1 

64K x 1 

64K x 1 

64K x 1 

64K x 1 

64K x 1 

16K x 4 

16K x 4 

16K x 4 

16K x 4 

16K x 4 

16K x 4 

16K x 4 

16K x 4 

16K x 4 

16K x 4 

16K x 4 

16Kx4 

16K x 4 

16K x 4 

16K x 4 

16K x 4 

Speed Vee Range (ns) 

10 5V± 10% 

12 5V± 10% 

15 5V± 10% 

20 5V + 10% 

10 5V ± 10% 

12 5V± 10% 

15 5V± 10% 

20 5V± 10% 

10 5V ± 10% 

12 5V ± 10% 

15 5V± 10% 

20 5V± 10% 

10 5V± 10% 

12 5V± 10% 

15 5V± 10% 

20 5V± 10% 

10 5V± 10% 

12 5V± 10% 

15 5V± 10% 

20 5V± 10% 

10 5V± 10% 

12 5V ± 10% 

15 5V± 10% 

20 5V± 10% 

Active/Stby Features 

140mA/20mA Separate 1/0 

140mA/20mA Separate 1/0 

140mA/20mA Separate 1/0 

140mA/20mA Separate 1/0 

140mA/20mA Separate 1/0 

140mA/20mA Separate 1/0 

140mA/20mA Separate 1/0 

140mA/20mA Separate 1/0 

140mA/20mA Common 1/0 

140mA/20mA Common 1/0 

140mA/20mA Common 1/0 

140mA/20mA Common 1/0 

140mA/20mA Common 1/0 

140mA/20mA Common 1/0 

140mA/20mA Common 1/0 

140mA/20mA Common 1/0 

140mA/20mA With Output Enable 

140mA/20mA With Output Enable 

140mA/20mA With Output Enable 

140mA/20mA With Output Enable 

140mA/20mA With Output Enable 

140mA/20mA With Output Enable 

140mA/ 20mA With Output Enable 

140mA/20mA With Output Enable 

STATIC RAMs 

Temperature Package Range (°C) 

0 to 70 PSDIP22 

0 to 70 PSDIP22 

0 to 70 PSDIP22 

Oto 70 PSDIP22 

Oto 70 PSOJ24 

0 to 70 PSOJ24 

0 to 70 PSOJ24 

0 to 70 PSOJ24 

0 to 70 PSDIP22 

0 to 70 PSDIP22 

Oto 70 PSDIP22 

0 to 70 PSDIP22 

Oto 70 PSOJ24 

o to 70 PSOJ24 

0 to 70 PSOJ24 

0 to 70 PSOJ24 

0 to 70 PSDIP24 

o to 70 PSDIP24 

o to 70 PSDIP24 

0 to 70 PSDIP24 

0 to 70 PSOJ24 

0 to 70 PSOJ24 

0 to 70 PSOJ24 

0 to 70 PSOJ24 
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FAST SRAM (cont'd) 

Size Part Number 

64K M628008-10PS1 

M628008-12PS1 

M628008-15PS1 

M628008-20PS1 

M628008-1 OE1 

M628008-12E1 

M628008-15E1 

M628008-20E1 

256K M621256-12PS1 

M621256-15PS1 

M621256-20PS 1 

M621256-12E1 

M621256-15E1 

M621256-20E1 

M624064-12PS1 

M624064-15PS1 

M624064-20 PS 1 

M624064-12E1 

M624064-15E1 

M624064-20E1 

M624065-12PS1 

M624065-15PS1 

M624065-20PS1 

M624065-12E1 

Organisation Speed 
(ns) 

8Kx 8 10 

8Kx 8 12 

8Kx 8 15 

8Kx8 20 

8Kx8 10 

8Kx 8 12 

8K x8 15 

8K x 8 20 

256K x 1 12 

256K x 1 15 

256K x 1 20 

256K x 1 12 

256K x 1 15 

256K x 1 20 

64K x 4 12 

64K x 4 15 

64Kx4 20 

64Kx 4 12 

64Kx 4 15 

64K x4 20 

64K X 4 12 

64K x 4 15 

64Kx4 20 

64Kx4 12 
--

Vee Range Aetive/Stby Features 

5V± 10% 140mA/20mA With Output Enable 

5V± 10% 140mA/20mA With Output Enable 

5V± 10% 140mA/20mA With Output Enable 

5V± 10% 140mA/20mA With Output Enable 

5V± 10% 140mA/20mA With Output Enable 

5V± 10% 140mA/20mA With Output Enable 

5V± 10% 140mA/20mA With Output Enable 

5V± 10% 140mA/20mA With Output Enable 

5V± 10% 140mA/ 1mA Separate 1/0 

5V± 10% 130mA/ 1mA Separate 1/0 

5V± 10% 120mA/1mA Separate 1/0 

5V± 10% 140mA/1mA Separate 1/0 

5V± 10% 130mA/1mA Separate 1/0 

5V± 10% 120mA/1mA Separate 1/0 

5V± 10% 140mA/ 1mA Common 1/0 

5V± 10% 130mA/ 1mA Common 1/0 

5V± 10% 120mA/ 1mA Common 1/0 

5V± 10% 140mA/1mA Common 1/0 

5V± 10% 130mA/1mA Common 1/0 

5V± 10% 120mA/ 1mA Common 1/0 

5V± 10% 140mA/ 1mA With Output Enable 

5V± 10% 130mA/1mA With Output Enable 

5V± 10% 120mA/ 1mA With Output Enable 

5V± 10% 140mA/ 1mA With Output Enable 
-

STATIC RAMs 

Temperature 
Package Range (0 C) 

0 to 70 PSDIP28 

0 to 70 PSDIP28 

0 to 70 PSDIP28 

0 to 70 PSDIP28 

0 to 70 PSOJ28 

0 to 70 PSOJ28 

0 to 70 PSOJ28 

0 to 70 PSOJ28 

0 to 70 PSDIP24 

0 to 70 PSDIP24 

0 to 70 PSDIP24 

0 to 70 PSOJ24 

0 to 70 PSOJ24 

0 to 70 PSOJ24 

0 to 70 PSDIP24 

0 to 70 PSDIP24 

0 to 70 PSDIP24 

0 to 70 PSOJ24 

0 to 70 PSOJ24 

0 to 70 PSOJ24 

0 to 70 PSDIP28 

0 to 70 PSDIP28 

0 to 70 PSDIP28 

0 to 70 PSOJ28 
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FAST SRAM {cont'd) 

Size Part Number 

256K M624065-15E1 

M624065-20E1 

M628032-12PS1 

M628032-15PS1 

M628032-20PS1 

M628032-12E1 

M628032-15E1 

M628032-20E1 

288K M629032-12PS1 

M629032-15PS1 

M629032-20PS1 

M629032-12E1 

M629032-15E1 

M629032-20E1 

1M M621100-15E1 

M621100-17E1 

M621100-20E1 

M6211 00-25E 1 

M624256-15E 1 

M624256-17E1 

M624256-20E1 

M624256-25E1 

M628128-15E1 

M628128-17E1 

Organisation 

64K x4 

64Kx4 

32K x 8 

32K x 8 

32K x 8 

32K x8 

32Kx 8 

32Kx 8 

32Kx 9 

32Kx 9 

32Kx 9 

32Kx 9 

32Kx 9 

32Kx 9 

1M x 1 

1M x 1 

1M x 1 

1M x 1 

256Kx 4 

256Kx4 

256Kx4 

256Kx 4 

128K X 8 

128K x 8 

Speed Vee Range (ns) 

15 5V±10% 

20 5V± 10% 

12 5V±10% 

15 5V±10% 

20 5V±10% 

12 5V±10% 

15 5V±10% 

20 5V±10% 

12 5V±10% 

15 5V±10% 

20 5V±10% 

12 5V±10% 

15 5V± 10% 

20 5V±10% 

15 5V±10% 

17 5V±10% 

20 5V±10% 

25 5V±10% 

15 5V±10% 

17 5V±10% 

20 5V±10% 

25 5V±10% 

15 5V±10% 

17 5V±10% 

Active/Stby Features 

130mA/1mA With Output Enable 

120mA/ 1mA With Output Enable 

140mA/ 1mA With Output Enable 

130mA/1mA With Output Enable 

120mA/ 1mA With Output Enable 

140mA/ 1mA With Output Enable 

130mA/ 1mA With Output Enable 

120mA/ 1mA With Output Enable 

160mA/ 1mA With Output Enable 

150mA/ 1mA With Output Enable 

140mA/1mA With Output Enable 

160mA/ 1mA With Output Enable 

150mA/ 1mA With Output Enable 

140mA/1mA With Output Enable 

140mA/ 1mA Separate 1/0 

140mA/1mA Separate 1/0 

120mA/ 1mA Separate 1/0 

120mA/ 1mA Separate 1/0 

140mA/ 1mA Common 1/0 

140mA/ 1mA Common 1/0 

120mA/ 1mA Common 1/0 

120mA/ 1mA Common 1/0 

140mA/ 1mA With Output Enable 

140mA/ 1mA With Output Enable 

STATIC RAMs 

Temperature Package Range (0 C} 

Oto 70 PSOJ28 

Oto 70 PSOJ28 

Oto 70 PSDIP28 

·Oto 70 PSDIP28 

Oto 70 PSDIP28 

Oto 70 PSOJ28 

Ole 70 PSOJ28 

Oto 70 PSOJ28 

Oto 70 PSDIP32 

Oto 70 PSDIP32 

Oto 70 PSDIP32 

Oto70 PSOJ32 

Oto 70 PSOJ32 

Oto 70 PSOJ32 

Oto 70 PSOJ28 

Oto70 PSOJ28 

Oto70 PSOJ28 

Ole 70 PSOJ28 

Oto70 PSOJ28 

Oto70 PSOJ28 

Oto70 PSOJ28 

Ole 70 PSOJ28 

Ole 70 PSOJ32 

Oto70 PSOJ32 
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STATIC RAMs 

FAST SRAM (cont'd) 

t . Temperature ~ Act1ve/Stby Features Range (oC) Package 

~ ~ ~ ~~:~~~~ T ·:::~-~:~~:~~:~:- ~- ~ :: ~- ~:~~;~~ 

Size Part Number Organisation Speed Vee Rang1 (ns) 

-~--~-l~~~~~~ 
1M M628128-20E 1 128K x 8 20 5V± 10% 

M628128-25E1 128K x 8 25 5V± 10% 
-~~--~--~---~--~ -~ 

CACHE MEMORIES 

r Speed Temperature 
Organisation Part Number Function Vee Range Package 

(ns) Range (°C) 

4Kx 4 MK41S80X10 10 Very Fast TAG RAM 5V ± 10% 0 to 70 PSOJ24 

MK41 S80X1 0120 10 Very Fast TAG RAM 5V ± 10% 0 to 70 PSOJ24TR 

MK41SBON12 12 Very Fast TAG RAM 5V ± 10% 0 to 70 PSDIP22 

MK41S80X12 12 Very Fast TAG RAM 5V ± 10% 0 to 70 PSOJ24 

M K41 S80X 12120 12 Very Fast TAG RAM 5V o 10% 0 to 70 PSOJ24TR 

MK41S80N15 15 Very Fast TAG RAM 5V ± 10% 0 to 70 PSDIP22 

MK41S80X15 15 Very Fast TAG RAM 5V ± 10% 0 to 70 PSOJ24 

MK41 S80X15120 15 Very Fast TAG RAM 5V ± 10% 0 to 70 PSOJ24TR 

MK41S80N20 20 Very Fast TAG RAM 5V ± 10% 0 to 70 PSDIP22 

MK41S80X20 20 Very Fast TAG RAM 5V ± 10% 0 to 70 PSOJ24 

MK41 S80X20120 20 Very Fast TAG RAM 5V ± 10% 0 to 70 PSOJ24TR 

MK41H80N25 25 FastTAGRAM 5V ± 10% Oto 70 PSDIP22 

MK41S80N25 i 25 Very Fast TAG RAM 5V ± 10% 0 to 70 PSDIP22 

MK41S80X25 

~ 
Very Fast TAG RAM 5V ± 10% 0 to 70 PSOJ24 

MK41 S80X25120 5 Very Fast T~GRAM 5V ± 10% Oto 70 PSOJ24TR 
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CACHE MEMORIES (cont'd) 

Organisation Part Number 

4K x4 MK41H80N35 

8K x 8 MK48S80X15 

MK48S80X15/20 

MK48S80N17 

MK48S80X17 

MK48S80X17/20 

MK48S74N20 

MK48S80N20 

MK48S74X20 

MK48S74X20/20 

MK48S80X20 

M K48S80X20/20 

MK48S74N25 

MK48S80N25 

MK48S74X25 

M K48S7 4X25/20 

MK48S80X25 

M K48S80X25/20 

MK48S74N35 

MK48S74X35 

MK48S7 4X35/20 

32K x9 MK62486Q19 

MK62940Q19 

MK62486Q24 

Speed Function (ns) 

---l-- ---- - --. ------- ·-·- -· --- -· ·- --~·-·---

35 FastTAGRAM 

15 I Very FastTAGRAM 

15 Very Fast TAG RAM 

17 Very Fast TAG RAM 

17 Very Fast TAG RAM 

17 Very Fast TAG RAM 

20 I Very FastTAGRAM 

20 Very Fast TAGRAM 

20 Very Fast TAG RAM 

20 Very Fast TAG RAM 

20 Very Fast TAG RAM 

20 Very Fast TAG RAM 

25 Very Fast TAG RAM 

25 Very Fast TAG RAM 

25 Very Fast TAG RAM 

25 Very Fast TAG RAM 

25 Very Fast TAG RAM 

25 Very Fast TAG RAM 

35 Very Fast TAG RAM 

35 Very Fast TAG RAM 

35 Very Fast TAG RAM 
--- --

19 Burst SRAM (BRAM) 

19 

I 
Burst SRAM (BRAM) 

I 24 Burst SRAM (BRAM) 

Vee Range Temperature 
Range (0 C} 

----- ----------- -------~ ---------
5V± 10% 0 to 70 

5V± 10% 0 to 70 

5V ± 10% 0 to 70 

5V ± 10% 0 to 70 

5V± 10% 0 to 70 

5V ± 10% 0 to 70 

5V± 10% 0 to 70 

5V± 10% 0 to 70 

5V ± 10% 0 to 70 

5V ± 10% Oto 70 

5V ± 10% Oto 70 

5V ± 10% Oto 70 

5V ± 10% 0 to 70 

5V ± 10% 0 to 70 

5V± 10% 0 to 70 

5V ± 10% Oto 70 

5V ± 10% Oto 70 

5V ± 10% 0 to 70 

5V ± 10% 0 to 70 

5V ± 10% Oto 70 

5V ± 10% 0 to 70 

5V ± 10% Oto 70 

5V ± 10% 0 to 70 

5V ± 10% 0 to 70 

STATIC RAMs 

Package 

---------
PSDIP22 

····-------

PSJ028 

PSOJ28TR 

PSDIP28 

PSJ028 

PSOJ28TR 

PSDIP28 

PSDIP28 

PSOJ28 

PSOJ28TR 

PSJ028 

PSOJ28TR 

PSDIP28 

PSDIP28 

PSOJ28 

PSOJ28TR 

PSJ028 

PSOJ28TR 

PSDIP28 

PSOJ28 

PSOJ28TR 

PLCC44 

PLCC44 

PLCC44 
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CACHE MEMORIES (cont'd) 

Organisation 

32Kx 9 

4K x10 

2K x 20 

~ 
~(II 
iijiC'I 
~(II 
~~ BiPORT FIFO 
CWO 
~== ©(II 
f'lo 
!,!z Organisation 

1K x 5 

512 X 9 

Part Number 

MK62940Q24 

MK45180Q17 

MK45180020 

MK4202Q17 

MK4202Q20 

MK4202Q25 

Part Numer 

MK4505MN25 

MK4505MN33 

MK4505MN50 

MK4505SN25 

MK4505SN33 

MK4505SN50 

MK45H01N25 

MK45H01N35 

MK45H01N50 

MK45H01N65 

MK45H01N12 

Speed 
(ns) 

24 

17 

20 

17 

20 

25 

Speed 
(ns) 

25 

33 

50 

25 

33 

50 

25 

35 

50 

65 

120 

Function Vee Range 

Burst SRAM (BRAM) 5V+ 10% 

Snoop TAG 5V± 10% 

Snoop TAG 5V± 10% 

Very FastTAGRAM 5V± 10% 

Very Fast TAG RAM 5V± 10% 

Very Fast TAG RAM 5V± 10% 

Function Vee Range 

Master FIFO 5V ± 10% 

Master FIFO 5V ± 10% 

Master FIFO 5V ± 10% 

Slave FIFO 5V ± 10% 

Slave FIFO 5V± 10% 

Slave FIFO 5V± 10% 

Very Fast FIFO 5V± 10% 

Very Fast FIFO 5V± 10% 

Very Fast FIFO 5V± 10% 

Very Fast FIFO 5V ± 10% 

Very Fast FIFO 5V ± 10% 

Temperature 
Range (°C) 

Oto 70 

Oto 70 

Oto 70 

Oto 70 

Oto 70 

Oto 70 

Temperature 
Range (0 C) 

0 to 70 

0 to 70 

0 to 70 

0 to 70 

0 to 70 

0 to 70 

0 to 70 

0 to 70 

0 to 70 

0 to 70 

0 to 70 

STATIC RAMs 

Package 

PLCC44 

PLCC68 

PLCC68 

PLCC68 

PLCC68 

PLCC68 

Package 

PSDIP24 

PSDIP24 

PSDIP24 

PSDIP20 

PSDIP20 

PSDIP20 

PDIP28 

PDIP28 

PDIP28 

PDIP28 

PDIP28 
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BiPORT FIFO (cont'd) 

Organisation Part Numer 

512 X 9 MK45H11N25 

MK45H11N35 

MK45H11N50 

MK45H11N65 

MK45H11N12 

MK45H01K25 

MK45H01K35 

MK45H01K50 

MK45H01K65 

MK45H01K12 

MK4501N65 

MK4501N80 

MK4501N10 

MK4501N12 

MK4501N15 

MK4501N20 

MK4501K65 

MK4501K80 

MK4501K10 

MK4501K12 

MK4501K15 

MK4501K20 

1Kx 9 MK45H02N25 

MK45H02N35 

Speed Function (ns) 

25 Very Fast FIFO 

35 Very Fast FIFO 

50 Very Fast FIFO 

65 Very Fast FIFO 

120 Very Fast FIFO 

25 Very Fast FIFO 

35 Very Fast FIFO 

50 Very Fast FIFO 

65 Very Fast FIFO 

120 Very Fast FIFO 

65 Fast FIFO 

80 Fast FIFO 

100 Fast FIFO 

120 Fast FIFO 

150 Fast FIFO 

200 Fast FIFO 

65 Fast FIFO 

80 Fast FIFO 

100 Fast FIFO 

120 Fast FIFO 

150 Fast FIFO 

200 Fast FIFO 

25 Very Fast FIFO 

35 Very Fast FIFO 

Vee Range Temperature 
Range (°C) 

5V±10% Oto 70 

5V±10% Oto 70 

5V±10% Oto 70 

5V±10% Oto70 

5V+10% Oto70 

5V±10% Oto70 

5V±10% Oto70 

5V± 10% Oto 70 

5V± 10% Oto 70 

5V+ 10% Oto 70 

5V± 10% Oto 70 

5V± 10% Oto 70 

5V± 10% Oto70 

5V± 10% Oto 70 

5V± 10% Oto 70 

5V± 10% Oto 70 

5V± 10% Oto 70 

5V± 10% Oto70 

5V± 10% Oto 70 

5V± 10% Oto 70 

5V± 10% Oto70 

5V+ 10% Oto 70 

5V± 10% Oto70 

5V+ 10% 0 to 70 

STATIC RAMs 

Package 

PSDIP28 

PSDIP28 

PSDIP28 

PSDIP28 

PSDIP28 

PLCC32 

PLCC32 

PLCC32 

PLCC32 

PLCC32 

PDIP28 

PDIP28 

PDIP28 

PDIP28 

PDIP28 

PDIP28 

PLCC32 

PLCC32 

PLCC32 

PLCC32 

PLCC32 

PLCC32 

PDIP28 

PDIP28 
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BiPORT FIFO (cont'd) 

Organisation Part Numer 

1K x 9 MK45H02N50 ----~ 

MK45H02N65 

MK45H02N12 

MK45H12N25 

MK45H12N35 

MK45H12N50 

MK45H12N65 

MK45H12N12 

MK45H02K25 

MK45H02K35 

MK45H02K50 

MK45H02K65 

MK45H02K12 

2Kx9 MK45H03N25 

MK45H03N35 

MK45H03N50 

MK45H03N65 

MK45H03N12 

MK45H13N25 

MK45H13N35 

MK45H13N50 

MK45H13N65 

MK45H13N12 

MK45H03K25 

Speed 
(ns) 

50 

65 

120 

25 

35 

50 

65 

120 

25 

35 

50 

65 

120 

25 

35 

50 

65 

120 

25 

35 

50 

65 

120 

25 

Function Vee Range Temperature 
Range (0 C) 

Very Fast FIFO 5V ± 10% 0 to 70 

Very Fast FIFO 5V ± 10% 0 to 70 

Very Fast FIFO 5V ± 10% 0 to 70 

Very Fast FIFO 5V ± 10% 0 to 70 

Very Fast FIFO 5V ± 10% 0 to 70 

Very Fast FIFO 5V ± 10% 0 to 70 

Very Fast FIFO 5V ± 10% 0 to 70 

Very Fast FIFO 5V ± 10% 0 to 70 

Very Fast FIFO 5V ± 10% 0 to 70 

I Very Fast FIFO 5V ± 10% 0 to 70 

Very Fast FIFO 5V ± 10% Oto 70 

Very Fast FIFO 5V ± 10% Oto 70 

Very Fast FIFO 5V + 10% Oto 70 

Very Fast FIFO 5V ± 10% Oto 70 

Very Fast FIFO 5V±10% 0 to 70 

Very Fast FIFO 5V ± 10% Oto 70 

Very Fast FIFO 5V±10% Oto 70 

Very Fast FIFO 5V±10% Oto 70 

Very Fast FIFO 5V± 10% Oto 70 

Very Fast FIFO 5V± 10% Oto70 

Very Fast FIFO 5V±10% Oto 70 

Very Fast FIFO 5V± 10% Oto 70 

Very Fast FIFO 5V± 10% Oto 70 

Very Fast FIFO 5V±10% Oto 70 
-

STATIC RAMs 

Package 

PDIP28 

PDIP28 

PDIP28 

PSDIP28 

PSDIP28 

PSDIP28 

PSDIP28 

PSDIP28 

PLCC32 

PLCC32 

PLCC32 

PLCC32 

PLCC32 

PDIP28 

PDIP28 

PDIP28 

PDIP28 

PDIP28 

PSDIP28 

PSDIP28 

PSDIP28 

PSDIP28 

PSDIP28 

PLCC32 
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BiPORT FIFO (cont'd) 

Organisation Part Numer 

1-----
2K x 9 MK45H03K35 

MK45H03K50 

MK45H03K65 

MK45H03K12 

MK4503N65 

MK4503N80 

MK4503N10 

MK4503N12 

MK4503N15 

MK4503N20 

4Kx 9 MK45H04N25 

MK45H04N35 

MK45H04N50 

MK45H04N65 

MK45H04N12 

MK45H14N25 

MK45H14N35 

MK45H14N50 

MK45H14N65 

MK45H14N12 

MK45H04K25 

MK45H04K35 

MK45H04N50 

MK45H04K65 

Speed 
(ns) 

-· 

35 

50 

65 

I 120 

I 65 

80 

100 

120 

150 

200 

25 

35 

50 

65 

120 

25 

35 

50 

65 

120 

25 

35 

50 

65 

Function Vee Range 
Temperature 

Range (0 C) 

f---· 
Very Fast FIFO 5V± 10% Oto 70 

Very Fast FIFO 5V± 10% 0 to 70 

Very Fast FIFO SV± 10% 0 to 70 

Very Fast FIFO SV+ 10% 0 to 70 

Fast FIFO SV± 10% 0 to 70 

Fast FIFO SV± 10% 0 to 70 

Fast FIFO sv ± 10% Oto 70 

Fast FIFO sv ± 10% Oto 70 

Fast FIFO SV ± 10% Oto70 

Fast FIFO SV ± 10% 0 to 70 

Very Fast FIFO SV ± 10% Oto 70 

Very Fast FIFO SV ± 10% Oto 70 

Very Fast FIFO 5V± 10% 0 to 70 

Very Fast FIFO 5V± 10% 0 to 70 

Very Fast FIFO SV+ 10% 0 to 70 

Very Fast FIFO 5V ± 10% 0 to 70 

Very Fast FIFO 5V± 10% 0 to 70 

Very Fast FIFO SV± 10% 0 to 70 

Very Fast FIFO SV± 10% 0 to 70 

Very Fast FIFO sv + 10% 0 to 70 

Very Fast FIFO 5V± 10% 0 to 70 

Very Fast FIFO 5V ± 10% 0 to 70 

Very Fast FIFO 5V ± 10% 0 to 70 

Very Fast FIFO sv ± 10% 0 to 70 

STATIC RAMs 

Package 

PLCC32 

PLCC32 

PLCC32 

PLCC32 

PDIP28 

PDIP28 

PDIP28 

PDIP28 

PDIP28 

PDIP28 

PDIP28 

PDIP28 

PDIP28 

PDIP28 

PDIP28 

PSDIP28 

PSDIP28 

PSDIP28 

PSDIP28 

PSDIP28 

PLCC32 

PLCC32 

PLCC32 

PLCC32 
----
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BiPORT FIFO (cont'd) 

Organisation Part Numer 

4Kx9 MK45H04K12 

8Kx9 MK45H08N25 

MK45H08N35 

MK45H08N50 

MK45H08N65 

~ MK45H08N120 

~en 
©n 
~en 

i~ ZEROPOWER and TIMEKEEPER 

~== ©en 

Speed 
(ns) 

120 

25 

35 

50 

65 

120 

@o 
i!Jlz Size Part Number Speed Organisation (ns) 

16K MK48C02AN15 2Kx 8 15 

MK48C02AN20 2Kx 8 20 

MK48C02AN25 2Kx8 25 

MK48C02AK15 2Kx8 15 

MK48C02AK20 2Kx8 20 

MK48C02AK25 2Kx8 25 

MK48Z02B12 2Kx8 120 

MK48Z02B15 2Kx8 150 

MK48Z02B20 2Kx 8 200 

MK48Z02B25 2Kx 8 250 

MK48Z12B12 2Kx8 120 

STATIC RAMs 

Function Vee Range 
Temperature Package Range (°C) 

Very Fast FIFO 5V+10% Oto 70 PLCC32 

Very Fast FIFO 5V±10% Oto70 PDIP28 

Very Fast FIFO 5V±10% Oto 70 PDIP28 

Very Fast FIFO 5V±10% Oto70 PDIP28 

Very Fast FIFO 5V±10% Oto 70 PDIP28 

Very Fast FIFO 5V+10% Oto70 PDIP28 

Temperature 
Function Vee Range Range (0 C) Package 

ZEROPOWER SRAM w/out Battery 5V+10/-5% Oto 70 PDIP28 

ZEROPOWER SRAM w/out Battery 5V +10/-5% Oto70 PDIP28 

ZEROPOWER SRAM w/out Battery 5V+10/-5% Oto70 PDIP28 

ZERO POWER SRAM w/out Battery 5V +10/-5% Oto 70 PLCC32 

ZERO POWER SRAM w/out Battery 5V +10/-5% Oto 70 PLCC32 

ZERO POWER SRAM w/out Battery 5V +10/-5% Oto 70 PLCC32 

ZERO POWER SRAM 5V +10/-5% Oto70 PHDIP24 

ZERO POWER SRAM 5V+10/-5% Oto70 PHDIP24 

ZERO POWER SRAM 5V +10/-5% Oto70 PHDIP24 

ZERO POWER SRAM 5V +10/-5% Oto70 PHDIP24 

ZERO POWER SRAM 5V± 10% Oto70 PHDIP24 
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ZEROPOWER and TIMEKEEPER (cont'd) 

Size Part Number Organisation 

16K MK48Z12B15 2K x8 

MK48Z12B20 2K x 8 

MK48Z12B25 2K X 8 

MKI48Z02B 15 2K x8 

MKI48Z02B20 2K x 8 

MKI48Z02B25 2K x 8 

MKI48Z12B15 2K x 8 

MKI48Z12B20 2K X 8 

MKI48Z12B25 2K x 8 

64K MK48Z08B70 8K x 8 

MK48Z08B10 8K x 8 

MK48Z09B10 8K x 8 

MK48Z18B10 8K x 8 

MK48Z19B10 8K x 8 

MK148Z18B10 8K x 8 

256K MK48Z30B70 32Kx 8 

MK48Z30B12 32Kx 8 

MK48Z30YB70 32Kx 8 

MK48Z30YB12 32Kx8 

MK48Z32B70 32Kx 8 

MK48Z32B12 32Kx8 

MK48Z32YB70 32Kx8 

MK48Z32YB12 32K x 8 

Speed 
(ns) 

150 

200 

250 

150 

200 

250 

150 

200 

250 

70 

100 

100 

100 

100 

100 

70 

120 

70 

120 

70 

120 

70 

120 

Function Vee Range 

ZEROPOWER SRAM 5V±10% 

ZEROPOWER SRAM 5V±10% 

ZEROPOWER SRAM 5V± 10% 

ZEROPOWER SRAM 5V+10/-5% 

ZEROPOWER SRAM 5V+10/-5% 

ZERO POWER SRAM 5V+10/-5% 

ZEROPOWER SRAM 5V± 10% 

ZEROPOWER SRAM 5V± 10% 

ZEROPOWER SRAM 5V+ 10% 

ZERO POWER SRAM 5V +10/-5% 

ZEROPOWER SRAM 5V +10/-5% 

ZEROPOWER SRAM 5V +10/-5% 

ZEROPOWER SRAM 5V± 10% 

ZEROPOWER SRAM 5V ± 10% 

ZERO POWER SRAM 5V+ 10% 

ZEROPOWER SRAM 5V +10/-5% 

ZEROPOWER SRAM 5V +10/-5% 

ZEROPOWER SRAM 5V± 10% 

ZEROPOWER SRAM 5V± 10% 

ZEROPOWER SRAM 5V +10/-5% 

ZEROPOWER SRAM 5V +10/-5% 

ZEROPOWER SRAM 5V ± 10% 

ZEROPOWER SRAM 5V± 10% 

STATIC RAMs 

Temperature Package 
Range (°C) 

0 to 70 PHDIP24 

0 to 70 PHDIP24 

0 to 70 PHDIP24 

-40 to 85 PHDIP24 

-40 to 85 PHDIP24 

-40 to 85 PHDIP24 

-40 to 85 PHDIP24 

-40 to 85 PHDIP24 

-40 to 85 PHDIP24 

0 to 70 PHDIP28 

Oto 70 PHDIP28 

Oto 70 PHDIP28 

Oto 70 PHDIP28 

Oto 70 PHDIP28 

-40 to 85 PHDIP28 

Oto 70 PHDIP28 

Oto 70 PHDIP28 

Oto 70 PHDIP28 

Oto 70 PHDIP28 

Oto 70 PHDIP28 

Oto 70 PHDIP28 

0 to 70 PHDIP28 

Oto 70 PHDIP28 
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ZEROPOWER and TIMEKEEPER (cont'd) 

Size Part Number Organisation 

1M M48Z128-85PM1 128K x 8 

M48Z128-120PM1 128K x 8 

M48Z128Y -85PM 1 128K x 8 

M48Z128Y-120PM1 128K x 8 

2M M46Z128-85PM1 128Kx 16 

M46Z128-120PM1 128Kx 16 

M46Z128Y-85PM1 128Kx 16 

M46Z128Y -120PM 1 128Kx 16 

M48Z256-85PL 1 256Kx8 

M48Z256-120PL 1 256Kx8 

M48Z256Y -85PL 1 256Kx 8 

M48Z256Y-120PL1 256Kx 8 

4M M46Z256-85PM 1 256K x 16 

M46Z256-120PM1 256K x 16 

M46Z256Y-85PM1 256K x 16 

M46Z256Y-120PM1 256K x 16 

M48Z512-85PL1 512Kx 8 

M48Z512-120PL 1 512Kx8 

M48Z512Y-85PL 1 512Kx8 

M48Z512Y-120PL1 512Kx 8 

512 MK41T56NOO 64 x8 

MK48T85024 64x8 

MK48T87B24 64x8 

MK48T87 AB24 64x8 
-

Speed Function (ns) 

85 ZERO POWER SRAM Module 

120 ZEROPOWER SRAM Module 

85 ZEROPOWER SRAM Module 

120 ZEROPOWER SRAM Module 

85 ZEROPOWER SRAM Module 

120 ZERO POWER SRAM Module 

85 ZEROPOWER SRAM Module 

120 ZERO POWER SRAM Module 

85 ZERO POWER SRAM Module 

120 ZERO POWER SRAM Module 

85 ZEROPOWER SRAM Module 

120 ZERO POWER SRAM Module 

85 ZERO POWER SRAM Module 

120 ZEROPOWER SRAM Module 

85 ZEROPOWER SRAM Module 

120 ZEROPOWER SRAM Module 

85 ZEROPOWER SRAM Module 

120 ZEROPOWER SRAM Module 

85 ZEROPOWER SRAM Module 

120 ZEROPOWER SRAM Module 

- 12C Bus, Real T1me Clock 

- PC Clock, Addr/Data MPX . 

- PC Clock, Addr/Data MPX 

- PC Clock, Addr/Data MPX 

Vee Range 

5V+10/-5% 

5V +10/-5% 

5V±10% 

5V+10% 

5V+10/-5% 

5V+10/-5% 

5V±10% 

5V±10% 

5V+10/-5% 

5V+10/-5% 

5V±10% 

5V±10% 

5V+10/-5% 

5V+10/-5% 

5V±10% 

5V±10% 

5V +10/-5% 

5V +10/-5% 

5V±10% 

5V+10% 

5V±10% 

5V± 10% 

5V±10% 

5V± 10% 

STATIC RAMs 

Temperature Package Range (°C) 

Oto70 PMDIP32 

Oto 70 PMDIP32 

Oto 70 PMDIP32 

Oto 70 PMDIP32 

Oto 70 PMDIP40 

Oto 70 PMDIP40 

Oto 70 PMDIP40 

Oto70 PMDIP40 

Oto 70 PMLDIP32 

Oto 70 PMLDIP32 

Oto 70 PMLDIP32 

Oto 70 PMLDIP32 

Oto 70 PMDIP40 

Oto 70 PMDIP40 

Oto 70 PMDIP40 

Oto 70 PMDIP40 

Oto 70 PMLDIP32 

Oto 70 PMLDIP32 

Oto 70 PMLDIP32 

Oto 70 PMLDIP32 

Oto 70 PSDIP8 

Oto 70 PLCC28 

0 to 70 PHDIP24 

Oto 70 PHDIP24 
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ZEROPOWER and TIMEKEEPER (cont'd) 

Size Part Number Organisation 

16K MK48T02B12 2Kx 8 

MK48T02B15 2Kx8 

MK48T02B20 2Kx8 

MK48T02B25 2Kx8 

MK48T12B15 2Kx8 

MK48T12B20 2Kx8 

MK48T12B25 2K x8 

64K MK48T08B10 8Kx8 

MK48T08B15 8Kx8 

MK48T18B10 8Kx8 

MK48T18B15 BKxB 

16K M48C1001-45K1 2Kx8 

M4BC1 002-45K1 2Kx8 

Speed 
(ns) 

120 

150 

200 

250 

150 

200 

250 

100 

150 

100 

150 

45 

45 

Function Vee Range 

TIMEKEEPER SRAM 5V +10/-5% 

TIMEKEEPER SRAM 5V +10/-5% 

TIMEKEEPER SRAM 5V +10/-5% 

TIMEKEEPER SRAM 5V +10/-5% 

TIMEKEEPER SRAM 5V± 10% 

TIMEKEEPER SRAM 5V± 10% 

TIMEKEEPER SRAM 5V+ 10% 

TIMEKEEPER SRAM 5V +10/-5% 

TIMEKEEPER SRAM 5V +10/-5% 

TIMEKEEPER SRAM 5V±10% 

TIMEKEEPER SRAM 5V± 10% 

Processor Manager 5V± 10% 

Processor Manager 5V+10% 

STATIC RAMs 

Temperature Package Range (°C) 

Oto70 PHDIP24 

Oto70 PHDIP24 

Oto70 PHDIP24 

Oto70 PHDIP24 

Oto 70 PHDIP24 

Oto 70 PHDIP24 

Oto70 PHDIP24 

Oto70 PHDIP28 

Oto70 PHDIP28 

Oto 70 PHDIP28 

Oto 70 PHDIP28 

0 to 70 PLCC44 

Oto 70 PLCC28 
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M27C64A 

CMOS 64K (8K x 8) UV EPROM and OTP ROM 

• VERY FAST ACCESS TIME: 150ns 
• COMPATIBLE WITH HIGH SPEED MICRO­

PROCESSORS, ZERO WAIT STATE 
• LOW POWER "CMOS" CONSUMPTION: 

- Active Current 30mA 
- Standby Current 1 0011A 

• PROGRAMMING VOLTAGE: 12.5V 

• ELECTRONIC SIGNATURE FOR AUTOMATED 
PROGRAMMING 

• HIGH SPEED PROGRAMMING 
(less than 1 minute) 

DESCRIPTION 

The M27C64A is a high speed 65,536 bit UV eras­
able and electrically programmable memory 
EPROM ideally suited for microprocessor systems 
requiring large programs. It is organized as 8,192 
by 8 bits. 

The 28 pin Window Ceramic Frit-Seal Dual-in-Line 
package has transparent lid which allows the user 
to expose the chip to ultraviolet light to erase the 
bit pattern. A new pattern can then be written to the 
device by following the programming procedure. 

For applications where the content is programmed 
only one time and erasure is not required, the 
M27C64A is offered in Plastic Leaded Chip Carrier 
package. 

Table 1. Signal Names 

AD -A12 Address Inputs 

QO-Q7 Data Outputs 

E Chip Enable 

"G Output Enable 

p Program 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

May 1992 

~ 
28~r)'ll 

FDIP28W (F) 

Figure 1. Logic Diagram 

Vee Vpp 

13 

AO-A12 

M27e64A 

Vss 

0 . 
' 

PLCC32 (C) 

8 

Q0-07 

VA00834 

1/8 
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M27C64A 

Figure 2A. DIP Pin Connections Figure 28. LCC Pin Connections 

N (L u 

" :;: (L ::J u u 
Vpp Vee <t > 0 > ICL z 

A12 p 
A7 Ne AS P..B 

A6 AS AS A9 
AS A9 A4 All 
A4 All 

A3 G 
A3 NC 

A2 A10 A2 G 

A1 E Al AlO 

AO 07 AD E 
00 06 NC 07 
01 05 QO 06 
02 04 

Vss 03 N Ul ::J n "" L[) 

VA00835 
0 0 Ul 0 0 0 0 

> VA00836 

Warning: NC = No Connection Warning: NC = No Connection, DU = Don't Use 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Amb1ent Operat1ng Temperature. grade 1 Oto 70 oc 
grade 6 -40 to 85 

Ts1As Temperature Under Bias -50 to 125 oc 

TsTG Storage Temperature -65 to 150 oc 
v,o Input or Output Voltages -0.6 to 7 v 

Vee Supply Voltage -0.6 to 7 v 

VAg A9 Voltage -D.6 to 13.5 v 
Vpp Program Supply Voltage -0.6 to 14 v 

Note: Except for the ratmg "Operating Temperature Range", stresses above those listed 1n the Table "Absolute Maximum Ratmgs" may cause 
permanent damage to the dev1ce These are stress rat1ngs only and operation of the dev1ce at these or any other conditions above those 
md1cated m the Operating sections of th1s specification IS not implied. Exposure to Absolute Max1mum Rating cond1t1ons for extended penods 
may affect dev1ce reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

DEVICE OPERATION 

The modes of operation of the M27C64A are listed 
in the Operating Modes table. A single 5V power 
supply is required in the read mode. All inputs are 
TTL levels except for Vpp and 12V on A9 for Elec­
tronic Signature. 

Read Mode 

The M27C64A has two control functions, both of 
which must be logically active in _grder to obtain 
data at the outputs.Chip Enable (E) is the power 
control and should be used for device selection. 

Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen­
dent of device selection. Assuming that the ad­
dresses are stable, the adQ[ess access time (tAvov) 
is equal to the delay from E to output (tELov). Data 
is available at the Q!.Jlput after a del~ of tGLOV from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 

Standby Mode 

The M27C64A has a standby mode which reduces 
the active current from 30mA to 1 OOflA. The 

~2/~8 __________________________ ~~~~©~2~l~~©~ -----------------------------
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DEVICE OPERATION (cont'd) 

M27C64A is placed in the sta!J9by mode by apply­
ing a CMOS high signal to theE input. When in the 
standby mode, the outputs_?re in a high impedance 
state, independent of the G input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem­
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem­
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 

System Considerations 

The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg­
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks that are produced by 
the falling and rising edges of E. The magnitude of 

Table 3. Operating Modes 

Mode E G 

Read V1L V1L 

Output Disable V1L VIH 

Program V1L V1H 

Verify V1L V1L 

Program Inhibit V1H X 

Standby VIH X 

Electronic Signature VIL V1L 

Table 4. Electronic Signature 

Identifier AO 07 06 05 

Manufacturer's Code VIL 1 0 0 

Device Code ViH 0 0 0 

M27C64A 

the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. 

The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac­
itors. It is recommended that a 111F ceramic capac­
itor be used on every device between Vee and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7!-IF bulk 
electrolytic capacitor should be used between Vee 
and Vss for every eight devices. The bulk capacitor 
should be located near the power supply connec­
tion point. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 

Programming 

When delivered (and after each erasure for UV 
EPROM), all bits of the M27C64A are in the "1" 
state. Data is introduced by selectively program­
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1 s" and "Os" 
can be present in the data word. The only way to 
change a "0" to a "1" is by die exposition to ultravi­
olet light (UV EPROM). The M27C64A is in the 
Qi'Ogram_!lling mode when Vpp input is at 12.5V, and 
E and P are at TIL-low. The data to be pro­
grammed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and 
data inputs are TIL. Vee is specified to be 6V ± 
0.25V. 

p A9 Vpp 00-07 

V1H X Vee Data Out 

VIH X Vee Hi-Z 

V1L Pulse X Vpp Data In 

V1H X Vpp Data Out 

X X Vpp Hi-Z 

X X Vee Hi-Z 

V1H V1o Vee Codes 

04 03 02 01 00 Hex Data 

1 1 0 1 1 9Bh 

0 0 1 0 0 08h 
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M27C64A 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times ,; 20ns 

Input Pulse Voltages 0.4 to 2.4V 

Input and Output Timing Ref. Voltages 0.8 to 2.0V 

Note that Output Hi-Z IS defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 
~2.0V 

~O.SV 
0.4V 

VAOOB26 

Table 5. Capacitance (TA = 25 °C, f =I MHz) 

Symbol Parameter 

c1N Input Capacitance 

GouT Output Capacitance 

Note: Th1s parameter IS sampled only and not tested 1 00%. 

Figure 5. Read Mode AC Waveforms 

AO-A12 

E 

G 

QO-Q7 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

1.3V 

CL Includes JIG copocl\once 

Test Condition Min Max 

VIN = OV 6 

VouT = OV 12 

\AXOX --.1--k--

Hi-Z 
DATA OUT 

VA00778 

OUT 

VA00828 

Unit 

pF 

pF 

~4/~8 __________________________ ~~~~@~~~~~~~ -----------------------------
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Table 6. Read Mode DC Characteristics (1) 
(TA = 0 to 70 oc or-40 to 85 oc: Vee= 5V ± 1 0%; Vpp =Vee) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current OV s; VrN s; Vee 

ILO Output Leakage Current OV s; VouT s; Vee 

Icc Supply Current E = VrL, G = VrL, f = 5MHz 

lcct Supply Current (Standby) TTL E=VrH 

lcc2 Supply Current (Standby) CMOS E > Vcc-0.2V 

lpp Program Current Vpp =Vee 

VrL Input Low Voltage -0.3 

VrH Input High Voltage 2 

VoL Output Low Voltage loL = 2.1mA 

VoH 
Output High Voltage TTL loH =-400;tA 2.4 

Output High Voltage CMOS loH =-100;tA Vcc-0.7V 

Note: 1. Vee must be applied srmultaneously wrth or before Vee and removed srmultaneously wrth or after Vee 

Table 7. Read Mode AC Characteristics (1l 
(T A= 0 to 70 oc or -40 to 85 oc: Vee = 5V ± 1 0%; Vpp =Vee) 

M27C64A 

Symbol A It Parameter Test Condition -15 -20 -25 

Min Max Min Max Min 

Address Valid to - -
IAVQV lAce Output Valid E = VrL, G = VrL 150 200 

Chip Enable Low to -
IELQV IcE Output Valid G=VrL 150 200 

Output Enable Low -
IGLOV toE to Output Valid E = VrL 65 70 

tEHOZ 121 Chip Enable High to -
!oF Output Hi-Z G = VrL 0 50 0 60 0 

IGHOZ (2) Output Enable High -
loF to Output Hi-Z E = VrL 0 50 0 60 0 

Address Transition to - -
lAX OX toH Output Transrtion E = VrL, G = VrL 0 0 0 

Notes: 1 Vee must be apphed Simultaneously With or before Vpp and removed simultaneously w1th or after Vpp 
2. Thrs parameter rs sampled only and not tested 1 00% 

Max 

250 

250 

100 

60 

60 

M27C64A 

Max Unit 

±10 ;tA 

±10 ;tA 

30 rnA 

1 rnA 

100 ;tA 

100 ;tA 

0.8 v 
Vee+ 1 v 

0.4 v 
v 
v 

-30 Unit 

Min Max 

300 ns 

300 ns 

120 ns 

0 105 ns 

0 105 ns 

0 ns 

----------------------------~~~~@~~l~?~--------------------------5~/~8 
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M27C64A 

Table 8. Programming Mode DC Characteristics <1l 
(T A = 25 oc; Vee= 6V ± 0.25V; Vpp = 12.5V ± 0.3V) 

Symbol Parameter Test Condition 

lu Input Leakage Current V1L S V1N S V1H 

Icc Supply Current 

lpp Program Current E = V1L 

VIL Input Low Voltage 

VIH Input High Voltage 

VOL Output Low Voltage loL = 2.1mA 

VoH Output H1gh Voltage TTL loH = -400j.IA 

V10 A9 Voltage 

Min Max 

±10 

30 

30 

-0.3 0.8 

2 Vee+ 0.5 

0.4 

2.4 

11.5 12.5 

Note: 1. Vee must be appl1ed simultaneously w1th or before Vpp and removed simultaneously or after VPP. 

Table 9. Programming Mode AC Characteristics <1l 
(TA = 25 oc; Vee = 6V ± 0.25V; Vpp = 12.5V ± 0.3V) 

Symbol All Parameter Test Condition 

IAVPL lAs Address Valid to Program Low 

lovPL los Input Valid to Program Low 

IVPHPL lvps Vpp High to Program Low 

lvcHPL lvcs Vee High to Program Low 

IELPL IcEs 
Chip Enable Low to 
Program Low 

Program Pulse W1dth (Initial) 

IPLPH lpw 
Program Pulse Width (Over 
Program) 

tPHQX toH 
Program High to Input 
Trans1t1on 

toxGL toES 
Input Transition to Output 
Enable Low 

tGLOV toE 
Output Enable Low to 
Output Valid 

tGHOZ 121 toFP 
Output Enable High to 
Output Hi·Z 

tGHAX tAH 
Output Enable High to 
Address Transition 

Min 

2 

2 

2 

2 

2 

0.95 

2.85 

2 

2 

0 

0 

Notes: 1. Vee must be apphed simultaneously w1th or before VPP and removed simultaneously or after Vpp 
2. Th1s parameter IS sampled only and not 1 00% tested 

Max 

1 05 

78.75 

100 

130 

Unit 

llA 

rnA 

rnA 

v 
v 
v 
v 
v 

Unit 

~IS 

j.IS 

j.IS 

j.IS 

~IS 

ms 

ms 

f.lS 

f.lS 

ns 

ns 

ns 

_6/-'.8 _____________ ~ ~f~~~m~:~f)J?~ --------------
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M27C64A 

Figure 6. Programming and Verify Modes AC Waveforms 

AO-A12 =:x 
~\AVPL-.! 

Q0-07 DATA IN 

\OVPL -.J 

Vpp 

'l\!PH"L L 
Vee 

E 

p 

c 

:---- FROGR~M 

Figure 7. Programming Flowchart 

c-----,.i 
t 

c 

Check all bytes 

VA.CC775 

VALID x::= 

!. 

I I 

'"T 1 
VER:FY -

VACC77S 

High Speed Programming 

The high speed programming algorithm, described 
in the flowchart, rapidly programs the M27C64A 
using an efficient and reliable method, particularly 
suited to the production programming environ­
ment. An individual device will take around 1 minute 
to program. 

Program Inhibit 

Programming of multiple M27C64A in parallel with 
diffe..!_ent data is also easily acco!J:!Piished. Except 
for E, all like inputs including G of the parallel 
M27C64A may be common. A TTL low level pulse 
applied to a M27C64A E input, with Plow and Vpp 
at 12.5V, will program that M27C64A. A high level 
E input inhibits the other M27C64A from being 
programmed. 

Program Verify 

A verify (read) should be performed on the pro­
grammed bits to determine that they were correct!Y 
prog_@.mmed'-The verify is accomplished with E 
and G at V1L, Pat V1H, Vpp at 12.5V and Vee at 6V. 

Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
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DEVICE OPERATION (cont'd) 

automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C ±soc ambient 
temperature range that is required when program­
ming the M27C64A. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line A9 of the M27C64A, with 
Vpp=Vcc=5V. Two identifier bytes may then be 
sequenced from the device outputs by toggling 
address line AO from VJL to VJH. All other address 
lines must be held at VJL during Electronic Signa­
ture mode. 

Byte 0 (AO=VJL) represents the manufacturer code 
and byte 1 (AO=VJH) the device identifier code. For 
the SGS-THOMSON M27C64A, these two identi­
fier bytes are given here below, and can be read­
out on outputs QO to 07. 

ERASURE OPERATION (applies to UV EPROM) 

The erasure characteristics of the M27C64A is 
such that erasure begins when the cells are ex-

ORDERING INFORMATION 

Example: M27C64A -15 

posed to light with wavelengths shorter than ap­
proximately 4000 A. It should be noted that sunlight 
and some type of fluorescent lamps have wave­
lengths in the 3000-4000 A range. Research 
shows that constant exposure to room level fluo­
rescent lighting could erase a typical M27C64A in 
about 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct 
sunlight. If the M27C64A is to be exposed to these 
types of lighting conditions for extended periods of 
time, it is suggested that opaque labels be put over 
the M27C64Awindow to prevent unintentional era­
sure. The recommended erasure procedure for 
the M27C64A is exposure to short wav~ ultraviolet 
light which has a wavelength of 2537 A. The inte­
grated dose (i.e. UV intensity x exposure time) for 
erasure should be a minimum of 15 W-sec/cm2. 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000 uW/cm2 power rating. The M27C64A should 
be placed within 2.5 em (1 inch) of the lamp tubes 
during the erasure. Some lamps have a filter on 
their tubes which should be removed before erasure. 

F 1 X 

Speed Package Option 

-15 150 ns blank ±10% F FDIP28W X Additional 

-20 200 ns c PLCC32 6 -40 to 85 oc Burn-in 

-25 250 ns TR Tape & Reel 

-30 300 ns 

For a list of available options of Speed, Vee Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

8/8 ~ SGS·lHOMSON ='--------------- ... ...,1 lliiU©OO@~~~i:!U~ --------------
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M27C128A 

CMOS 128K (16K x 8) UV EPROM 

• VERY FAST ACCESS TIME: 120ns 

• COMPATIBLE WITH HIGH SPEED MICRO­
PROCESSORS, ZERO WAIT STATE 

• LOW POWER "CMOS" CONSUMPTION: 

- Active Current 30mA 

- Standby Current 1 OO~A 

• PROGRAMMING VOLTAGE: 12.75V 

• ELECTRONIC SIGNATURE FOR AUTOMATED 
PROGRAMMING 

• PROGRAMMING TIMES OF AROUND 2sec. 
(PRESTO II ALGORITHM) 

DESCRIPTION 

The M27C128A is a high speed 131 ,072 bit UV 
erasable and electrically programmable memory 
EPROM ideally suited for microprocessor systems 
requiring large programs. It is organized as 16,384 
by 8 bits. 

The 28 pin Window Ceramic Frit-Seal Dual-in-Line 
package has transparent lid which allows the user 
to expose the chip to ultraviolet light to erase the 
bit pattern. A new pattern can then be written to the 
device by following the programming procedure. 

Table 1. Signal Names 

AD -A13 Address Inputs 

Q0-07 Data Outputs 

E Chip Enable 
-
G Output Enable 

p Program 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

May 1992 

ADVANCE DATA 

FDIP28W (F) 

Figure 1. Logic Diagram 

Vee Vpp 

14 8 

AO-A13 Q0-07 

p M27C128A 

Vss 
VA00832 

1/8 

ThiS IS advance mformat1on on a new product now m development or undergomg evaluation Details are subject to change Without not1ce 
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Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature: grade 1 Oto 70 oc 
grade 6 -40to 85 

TsiAS Temperature Under Bias -50 to 125 oc 
TsrG Storage Temperature -65 to 150 oc 
V1o Input or Output Voltages -o.Sto 7 v 
Vee Supply Voltage -o.Sto7 v 
VAs A9 Voltage -o.s to 13.5 v 
Vpp Program Supply Voltage -o.s to 14 v 

Note: Except for the rat1ng ''Operat~ng Temperature Range", stresses above those listed 1n the Table "Absolute Max1mum Ratings" may cause 
permanent damage to the dev1ce. These are stress rat1ngs only and operation of the dev1ce at these or any other cond1t1ons above those 
1nd1cated in the Operating sections of th1s specification IS not implied. Exposure to Absolute Max1mum Rating cond1bons for extended penods 
may affect dev1ce reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 

Figure 2. DIP Pin Connections 

Vpp [ 1 '-.../ 28 Vee 
A12 [ 2 27 p 
A7 [ 3 26 A13 
A6 [ 4 25 AS 
A5 [ 5 24 A9 
A4[ 6 23 A11 
A3 [ 7 

M27e128A 
22 G 

A2 [ 8 21 A10 
-

A1 [ 9 20 E 
AO [ 10 19 p 07 
QO [ 11 18 p 06 
01 [ 12 17 p 05 
02 [ 13 16 p 04 

Vss [ 14 15 p 03 
VA00833 

DEVICE OPERATION 

The modes of operation of the M27C 128A are listed 
in the Operating Modes table. A single 5V power 
supply is required in the read mode. All inputs are 
TTL levels except for Vpp and 12V on A9 for Elec­
tronic Signature. 

Read Mode 

The M27C128A has two control functions, both of 
which must be logically active in .Qrder to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen­
dent of device selection. Assuming that the ad­
dresses are stable, the address access time (tAvov) 
is equal to the delay from E to output (tELOv). Data 
is available at the Q!Jtput after a del~ of tGLOV from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 

Standby Mode 

The M27C128A has a standby mode which re­
duces the active current from 30mA to 1 OO!J.A. The 
M27C128A is placed in the stan@y mode by ap­
plying a CMOS high signal to the E input. When in 
the standby mode, the outputs '!l:.e in a high imped­
ance state, independent of the G input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem­
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

For the most efficient use of these two control lines, 
E should be decoded and us~ as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 

=2'.::.8 ____________ /ifi ~~©m~~~~~~ ____________ _ 
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DEVICE OPERATION (cont'd) 

control bus. This ensures that all deselected mem­
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 

System Considerations 

The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, lee, has three seg­
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks tl:!_at are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. 

The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac­
itors. It is recommended that a 1J.!F ceramic capac­
itor be used on every device between Vee and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7J.!F bulk 
electrolytic capacitor should be used between Vee 
and Vss for every eight devices. The bulk capacitor 
should be located near the power supply connec­
tion point. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 

Table 3. Operating Modes 

Mode E G 

Read VIL V1L 

Output Disable V1L V1H 

Program v,L v,H 

Verify v,L VIL 

Program Inhibit V1H X 

Standby v,H X 

Electronic Signature VIL v,L 

Notes: X = V1H or V1L, V1o = 12V ± 0 5V. 

Table 4. Electronic Signature 

Identifier AD 07 06 05 

Manufacturer's Code VIL 0 0 1 

Device Code V1H 0 0 0 

M27C128A 

Programming 

When delivered (and after each erasure for UV 
EPROM), all bits of the M27C128A are in the "1" 
state. Data is introduced by selectively program­
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1 s" and "Os" 
can be present in the data word. The only way to 
change a "0" to a "1" is by die exposition to ultravi­
olet light (UV EPROM). The M27C128A is in the 
programmil}g mode when Vpp input is at 12.75V, 
and E and Pare at TIL-low. The data to be pro­
grammed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and 
data inputs are TIL. Vee is specified to be 6.25V ± 
0.25V. 

PRESTO II Programming Algorithm 

PRESTO II Programming Algorithm allows the 
whole array to be programmed, with a guaranteed 
margin, in around 2 seconds. Programming with 
PRESTO II involves in applying a sequence of 
1 OOJ.!S program pulses to each byte until a correct 
verify occurs. During programming and verify op­
eration, a MARGIN MODE circuit is automatically 
activated in order to guarantee that each cell is 
programmed with enough margin. No overpro­
gram pulse is applied since the verify in MARGIN 
MODE provides necessary margin to each pro­
grammed cell. 

p A9 Vpp 00-07 

V1H X Vee Data Out 

V1H X Vee Hi-Z 

V1L Pulse X Vpp Data In 

V1H X Vpp Data Out 

X X Vpp Hi-Z 

X X Vee Hi-Z 

V1H V1o Vee Codes 

04 03 02 01 00 Hex Data 

0 0 0 0 0 20h 

0 1 0 1 0 OAh 

------------- l:fi ~~©n&~~~~ ___________ ___:3=/8 
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall T1mes ::; 20ns 

Input Pulse Voltages 0.4 to 2.4V 

Input and Output T1m1ng Ref. Voltages 0.8 to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2 4V 

0 4V 

-v====v20V 

~0.8V 
VA00826 

Table 5. Capacitance (TA = 25 oc, f = 1 MHz) 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

1.3V 

CL Includes JIG capacitance 

Symbol Parameter Test Condition Min Max 

GiN Input Capacitance V1N = OV 6 

CouT Output Capacitance VouT= OV 12 

Note: This parameter 1s sampled only and not tested 100% 

Figure 5. Read Mode AC Waveforms 

AO-A13 VALID 

tAVQV- tAX OX 
~~· 

~ f .r- \GLQV - 1-tEHQZ-. 

\ l 
-tELQV- 1-tGHQZ_. 

Hi-Z 
00-07 DATA OUT 

VA00771 

OUT 

VA0082B 

Unit 

pF 

pF 

""4'-=-8------------ i.V litm=~O!~©~ -------------
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Table 6. Read Mode DC Characteristics (1) 
(TA = 0 to 70 ac or-40 to 85 ac; Vee= 5V ± 1 0%; Vpp =Vee) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current OV $ V1N $Vee 

ILO Output Leakage Current OV,; Vour,; Vee 

Icc Supply Current E = V1L, G = V1L, f = 5MHz 
-

lcct Supply Current (Standby) TTL E = V1H 

lcc2 Supply Current (Standby) CMOS E>Vcc-0.2V 

lpp Program Current Vpp =Vee 

v,L Input Low Voltage -0.3 

v,H Input High Voltage 2 

VOL Output Low Voltage loL = 2.1mA 

VoH 
Output High Voltage TTL ioH = -4001-!A 2.4 

Output High Voltage CMOS loH = -1001lA Vcc-0.7V 

Note: 1. Vee must be applred simultaneously with or before Vee and removed Simultaneously or after Vee. 

Table 7. Read Mode AC Characteristics (1) 
(TA = 0 to 70 ac or -40 to 85 ac; Vee= 5V ± 1 0%; Vpp =Vee) 

M27C128A 
Symbol All Parameter Test Condition -12 -15 

Min Max Min Max 

Address Valid to - -
tAVQV tAcC Output Valid 

E = v,L, G = v,L 120 150 

Chip Enable Low to -
IELQV IcE Output Valid G=VIL 120 150 

Output Enable Low -
IGLQV toE to Output Valid E = V1L 60 75 

IEHQZ (2) Chip Enable High to -
!oF Output Hi-Z G= V1L 0 35 0 35 

tGHQZ (2) 
Output Enable H1gh -

toF to Output Hi-Z 
E = V1L 0 35 0 35 

Address Transition to - -
0 IAXQX loH Output Transition 

E = v,L, G = v,L 0 

Notes: 1. Vee must be applied Simultaneously w1th or before Vee and removed simultaneously or after Vee. 
2 Th1s parameter IS sampled only and not 100% tested. 

M27C128A 

Max Unit 

±10 llA 

±10 IJA 

30 mA 

1 mA 

100 IJA 

100 llA 

0.8 v 

Vee+ 1 v 

0.4 v 

v 

v 

-20 Unit 

Min Max 

200 ns 

200 ns 

80 ns 

0 50 ns 

0 50 ns 

0 ns 

~ SCS-lHOMSON 5/8 ---------------- lo."'!l I':J:O©'RI©~~~Ii;'UiiiiGSlil:~©i!l ______________ ....c.c...;;. 
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Table 8. Programming Mode DC Characteristics (1) 

(TA = 25 °C; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol Parameter Test Condition 

lu Input Leakage Current v,L, v,N ,;; v,H 

Icc Supply Current 

lpp Program Current E ~ v,L 

v,L Input Low Voltage 

v,H Input High Voltage 

VoL Output Low Voltage loL ~ 2.1mA 

VoH Output H1gh Voltage TTL loH ~ -400~A 

v,o A9 Voltage 

Min Max 

±10 

30 

30 

-0.3 08 

2 Vee+ 0.5 

0.4 

2.4 

11.5 12.5 

Note: 1. Vee must be applied simultaneously w1th or before VPP and removed Simultaneously or after VPP. 

Table 9. Programming Mode AC Characteristics (1) 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol All Parameter Test Condition 

IAVPL lAS Address Val1d to Program Low 

tovPL los Input Valid to Program Low 

IVPHPL tvps Vpp High to Program Low 

IVCHPL tvcs Vee High to Program Low 

IELPL ICES 
Chip Enable Low to 
Program Low 

tPLPH tpw Program Pulse Width 

IPHQX loH Program H1gh to Input 
Transition 

toXGL toES 
Input TransitiOn to Output 
Enable Low 

IGLQV toE 
Output Enable Low to 
Output Valid 

tGHQZ 121 toFP 
Output Enable H1gh to 
Output Hi-Z 

IGHAX tAH 
Output Enable High to 
Address Transition 

Min 

2 

2 

2 

2 

2 

95 

2 

2 

0 

0 

Notes: 1 Vee must be applied Simultaneously w1th or before Vpp and removed Simultaneously or after VPP 
2. ThiS parameter IS sampled only and not 1 00% tested 

Max 

105 

100 

130 

Unit 

J.lA 
rnA 

rnA 

v 

v 

v 

v 

v 

Unit 

~s 

~s 

).lS 

).lS 

~s 

~s 

~s 

~s 

ns 

ns 

ns 

"'6/..::8 ______________ l:ii ~~~©m~~~~~9©~ ---------------
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Figure 6. Programming and Verify Modes AC Waveforms 

A'J-A~3 ~ VALID 

f.-tAVPL+j 

QO-C7 CJ. -;-A ~"'l DATA OUT 

~tOVPL-. tPHQX 

::::J ,~;P-,PL 
-tGLQV ~ - tGHQZ 

::::J tVChPL L I 
tGHAX 

t 
I 

~ \C:cFL-. 

__, tQXGL ~ 
I '--------1 ' 

-, ; 0 cPh !+---: 

;oo-- PRCJ~r<AV ---..:.--- VERIFY --.: 

Figure 7. Programming Flowchart 

Vee ~ 6 2sv. \'c>;o ~ 12.s·v' 

I • 
Vee = 5./. '/;;p = sv 

Check cil i:i:;tes 
V.A007i 5 

VACC772 

Program Inhibit 

Programming of multiple M27C 128A in parallel with 
diffe..!:_ent data is also easily acco~lished. Except 
for E, all like inputs including G of the parallel 
M27C128A may be common. A TIL low level pulse 
applied to a M27C128A E input, with Plow and Vpp 
at 12.Z5V, will program that M27C128A. A high 
level E input inhibits the other M27C128A from 
being programmed. 

Program Verify 

A verify (read) should be performed on the pro­
grammed bits to determine that they were correctlY 
prog@mmed. _!he verify is accomplished with E 
and Gat V1L, Pat V1H, Vpp at 12.75V and Vee at 
6.25V. 

Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm . 
This mode is functional in the 25°C ± soc ambient 
temperature range that is required when program­
ming the M27C128A. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line A9 of the M27C128A, with 

-------------- l5fi ~i~;;m•~~~4 --------------=7-='8 
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DEVICE OPERATION (cont'd) 

Vpp=Vcc=5V. Two identifier bytes may then be 
sequenced from the device outputs by toggling 
address line AO from V1L to V1H. All other address 
lines must be held at V1L during Electronic Signa­
ture mode. 

Byte 0 (AO=ViL) represents the manufacturer code 
and byte 1 (AO=ViH) the device identifier code. For 
the SGS-THOMSON M27C128A, these two iden­
tifier bytes are given here below, and can be read­
out on outputs QO to 07. 

ERASURE OPERATION (applies to UV EPROM) 

The erasure characteristics of the M27C12BA is 
such that erasure begins when the cells are ex­
posed to light with wavelengths shorter than ap­
proximately 4000 A. It should be noted that sunlight 
and some type of fluorescent lamps have wave-

ORDERING INFORMATION 

Example: M27C128A -12 

lengths in the 3000-4000 A range. Research shows 
that constant exposure to room level fluorescent 
lighting could erase a typical M27C128A in about 3 
years, while it would take approximately 1 week to 
cause erasure when exposed to direct sunlight. If 
the M27C128A is to be exposed to these types of 
lighting conditions for extended periods of time, it 
is suggested that opaque labels be put over the 
M27C128A window to prevent unintentional era­
sure. The recommended erasure procedure for the 
M27C128A is exposure to short wav~ ultraviolet 
light which has a wavelength of 2537 A. The inte­
grated dose (i.e. UV intensity x exposure time) for 
erasure should be a minimum of 15 W-sec/cm2• 

The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000 uW/cm2 power rating. The M27C128A 
should be placed within 2.5 em (1 inch) of the lamp 
tubes during the erasure. Some lamps have a filter 

F 1 X 

Speed Package Option 

-12 120 ns ±10% F FDIP28W X Additional 

-15 150 ns -40 to 85 oc Burn-In 

-20 200 ns 

For a list of available options of Speed, Vee Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

8/8 r=-= SGS·lHOMSON =-=------------- ~'"11 !Jlj]~©oo©rni!.rn©'ii1lil@li!D©® --------------

66 



M27C2568 

CMOS 256K (32K x 8) UV EPROM and OTP ROM 

• VERY FAST ACCESS TIME: SOns 

• COMPATIBLE WITH HIGH SPEED MICRO­
PROCESSORS, ZERO WAIT STATE 

• LOW POWER "CMOS" CONSUMPTION: 
- Active Current 30 rnA 

- Standby Current 100 11A 
• PROGRAMMING VOLTAGE: 12.75V 

• ELECTRONIC SIGNATURE FOR AUTOMATED 
PROGRAMMING 

• PROGRAMMING TIMES OF AROUND 3sec. 
(PRESTO II ALGORITHM) 

DESCRIPTION 

The M27C256B is a high speed 262,144 bit UV 
erasable and electrically programmable memory 
EPROM ideally suited for microprocessor systems. 
It is organized as 32,768 by 8 bits. 

The 28 pin Window Ceramic Frit-Seal Dual-in-Line 
package has a transparent lid which allows the user 
to expose the chip to ultraviolet light to erase the 
bit pattern. A new pattern can then be written to the 
device by following the programming procedure. 

For applications where the content is programmed 
only one time and erasure is not required, the 
M27C256B is offered in Plastic Dual-in-Line, Plas­
tic Leaded Chip Carrier, Plastic Small Outline and 
Plastic Thin Small Outline packages. 

Table 1. Signal Names 

AO -A14 Address Inputs 

00-07 Data Outputs 

E Chip Enable 
-
G Output Enable 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

March 1992 

FDIP28W (F) PDIP28 (B) 

PLCC32 (C) 

28~ 
1 

PS028 (M) 
330 mils 

Figure 1. Logic Diagram 

Vee 

15 

AO-A14 

PTS028 (N) 
8 x 13.4mn 

Vpp 

B 

QO-Q7 

M27e2568 

VA00755 

1/8 
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Table 2. Absoulte Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 0 to 70 
grade 3 -40 to 125 oc 
grade 6 -40 to 85 
grade 7 -40 to 105 

TstAs Temperature Under Bias -50 to 125 oc 

TsrG Storage Temperature -65 to 150 oc 

Vto Input or Output Voltages -0.6 to 7 v 
Vee Supply Voltage -0.6 to 7 v 
VAg A9 Voltage -0.6 to 13 5 v 
Vpp Program Supply -0.6 to 14 v 

Note: Except for the rat1ng ··operating Temperature Range··, stresses above those listed 1n the Table "Absolute Max1mum Ratings" may cause 
permanent damage to the dev1ce. These are stress ratings only and operat1on of the dev1ce at these or any other cond1t1ons above those 
indicated m the Operatmg sections of this specification is not implied. Exposure to Absolute Max1mum Rat1ng cond1t1ons for extended penods 
may affect device rehabihty Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 

Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

I '-.../ 28 Vpp Vee 
2 27 A12 A14 

3 26 A7 A13 

4 25 A6 A8 
5 24 A5 A9 
6 23 A4 All 
7 

M27C256B 
22 

8 21 
A3 G 
A2 AIO 

9 20 AI E 
10 19 AO 07 
II 18 00 06 
12 17 01 05 
13 16 02 04 
14 15 Vss 03 

Figure 2C. LCC Pin Connections 

A6 [ 

A5 

A4 

A3 

A2 

AI 

AO 

NC 

00 

r---~8=::~~::~ 
<t: <l: > 0 > <( <( ....., ,.., ,.., ....., ....., ....., ....., 

(j) 32 
]AS 

]A9 

]All 

M27C256B 

NC 

25 G 

17 

N (f)=:. r') -ot 111 
QU10000 

> 

AlO 

E 

07 

06 

VA00757 

Warning: NC =No Connection, DU = Dont't Use. 

Vpp Vee 
Al2 Al4 
A7 Al3 
A6 AS 
A5 A9 
A4 All 
A.3 G 
A2 AID 
AI r 
AO 07 
00 06 
01 05 
02 04 

Vss 03 
VAOOBJl 

Figure 20. PTSO Pin Connections 

1 28 

M27C256B 

22 

VA00614 
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DEVICE OPERATION 

The modes of operation of the M27C256B are 
listed in the Operating Modes. A single 5V power 
supply is required in the read mode. All inputs are 
TTL levels except for Vpp and 12V on A9 for Elec­
tronic Signature. 

Read Mode 

The M27C256B has two control functions, both of 
which must be logically active in _Qrder to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen­
dent of device selection. Assuming that the ad­
dresses are stable, the address access time (tAvov) 
is equal to the delay from E to output (tELov). Data 
is available at the _Qutput after delay_ of tGLov from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 

Standby Mode 

The M27C256B has a standby mode which re­
duces the active current from 30 rnA to 1 OO!JA (or 
200(.!A, see Read Mode DC Characteristics Table 
for details). The M27C256B is placed in the standb_y 
mode by applying a CMOS high signal to the E 
input. When in the standby mode, the outputs a~ 
in a high impedance state, independent of the G 
input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem­
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 

Table 3. Operating Modes 

Mode E G 

Read v,L v,L 

Output Disable v,L V1H 

Program V1L Pulse v,H 

Verify v,H v,L 

Program Inhibit V1H V1H 

Standby V1H X 

Electronic Signature v,L v,L 

Notes. X= v,H or v,L, v,o = 12V ± 0 sv 

Table 4. Electronic Signature 

Identifier AD Q7 as Q5 

Manufacturer's Code V1L 0 0 1 

Device Code v,H 1 0 0 

M27C256B 

memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

For the most efficient use of these two control lines, 
E should be decoded and us~ as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem­
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is desired from a particular memory device. 

System Considerations 

The power switching characteristics of Advance 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg­
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks tt!_at are produced by 
the falling and rising edges of E. The magnitude of 
this transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. The associated transient voltage peaks can 
be suppressed by complying with the two line 
output control and by properly selected decoupling 
capacitors. It is recommended that a 1(.!F ceramic 
capacitor be used on every device between Vee 
and Vss. This should be a high frequency capacitor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 
4.7(.!F bulk electrolytic capacitor should be used 

A9 Vpp QD-Q7 

X Vee Data Out 

X Vee Hi-Z 

X Vpp Data In 

X Vpp Data Out 

X Vpp Hi·Z 

X Vee Hi-Z 

v,o Vee Codes 

Q4 Q3 Q2 Q1 QD Hex Data 

0 0 0 0 0 20h 

0 1 1 0 1 BDh 

t== SGS•lHOMSON 3/8 -------------- A.""fl ll'AlO!illl@~ll.ll:@"ii'OO@~O©® --------------
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times ~ 20ns 

Input Pulse Voltages 0.4V to 2.4V 

Input and Output Timing Ref. Voltages O.BV to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 

0.4V 

~2.0V 

~0.8V 
VAOOBZ6 

Table 5. Capacitance (TA = 25 oc, f = 1 MHz ) 

Symbol Parameter 

C1N Input Capacitance 

GouT Output Capacitance 

Note: Th1s parameter IS sampled only and not tested 100%. 

Table 6. Read Mode DC Characteristics (t) 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

1.3V 

CL mcludes JIG capac1tance 

Test Condition Min Max 

V1N = OV 6 

VouT= OV 12 

OUT 

VA00828 

Unit 

pF 

pF 

(TA = 0 to 70°C, -40 to 85°C, -40 to 1 05°C or -40 to 125°C; Vee= 5V ± 5% or 5V ± 1 0%; Vpp = Vee) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current OV~VIN~Vcc 

ILO Output Leakage Current OV~VouT~Vcc 

Icc Supply Current E = VIL. G = ViL 

lcc1 Supply Current (Standby) TTL E=VIH 

lcc2'21 Supply Current (Standby) CMOS E > Vcc-0.2V 

lpp Program Current Vpp =Vee 

V1L Input Low Voltage -o.3 

V1H Input High Voltage 2 

VoL Output Low Voltage loL = 2.1mA 

VoH 
Output H1gh Voltage TTL loH=-1mA 3.6 

Output H1gh Voltage CMOS loH=-100fl.A Vcc-0.7V 

Notes: 1. Vee must be applied simultaneously w1th or before VPP and removed simultaneously or after Vpp. 
2. Far speeds ·80, ·90 and Opbon "L" only For other types the maximum lcc2 is 200jJA 

Max Unit 

±10 fl.A 

±10 fl.A 

30 rnA 

1 rnA 

100 fl.A 

100 fl.A 

0.8 v 
Vee+ 1 v 

0.4 v 

v 
v 

_.:;4,..:.8 ____________ /:.V ~i©mgm~O!~~ _____________ _ 
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Table 7 A. Read Mode AC Characteristics (1} 
(TA = 0 to 70°C, -40 to 85°C, -40 to 1 05°C or -40 to 125°C; Vee = 5V ± 5% or 5V ± 1 0%; Vpp = Vee) 

M27C256B 

Symbol All Parameter Test Condition -80 -90 -10 -12 Unit 

Min Max Min Max Min Max Min Max 

Address Valid to Output - -
IAVQV lAce Valid E = VrL, G = VrL 80 90 100 120 ns 

Chip Enable Low to -
IELQV IcE Output Valid G = VrL 80 90 100 120 ns 

Output Enable Low to -
IGLQV toE Output Valid E = VrL 40 40 50 60 ns 

IEHQZ (2) Chip Enable High to -

loF Output Hi·Z G=VrL 0 30 0 30 0 30 0 40 ns 

IGHQZ (2) 
Output Enable High to -

loF Output Hi·Z E = VrL 0 30 0 30 0 30 0 40 ns 

Address Transrtion to - -
IAXQX loH Output Transition E = VrL, G = VrL 0 0 0 0 ns 

Table 78. Read Mode AC Characteristics (1} 

(TA = 0 to 70°C, -40 to 85°C, -40 to 1 05°C or -40 to 125°C; Vee = 5V ± 5% or 5V ± 1 0%; Vpp = Vee) 

M27C256B 

Symbol All Parameter Test Condition -15 -20 

Min Max Min Max 

IAVQV lAce Address Valid to Output Valid E = VrL, G = VrL 150 200 

IELQV IcE Chip Enable Low to Output Valid G = VrL 150 200 

tGLQV toE Output Enable Low to Output Valid E = VrL 65 70 

tEHOZ 12) loF Chip Enable Hrgh to Output Hi-Z G =VrL 0 50 0 60 

IGHQZ 12) I oF Output Enable High to Output Hi-Z E = VrL 0 50 0 60 

Address Transition to - -
tAXQX loH Output Transition E = VrL, G = VrL 0 0 

Notes: 1 Vee must be applied simultaneously with or before Vpp and removed srmultaneously or after Vpp. 
2 Thrs parameter is sampled only and not 1 00% tested 

Figure 5. Read Mode AC Waveforms 

AO-A14 

00-07 

-25 

Min Max 

250 

250 

100 

0 60 

0 60 

0 

VA00758 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

-----------------------------~ ~~~@~~~1~~~ --------------------------5~/8 
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Table 8. Programming Mode DC Characteristics (1) 

(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current V1L $ V1N $ V1H ±10 J.lA 

Icc Supply Current 50 mA 

lpp Program Current E = V1L 50 mA 

v,L Input Low Voltage -0.3 0.8 v 

V1H Input High Voltage 2 Vee+ 0.5 v 

VoL Output Low Voltage loL = 2.1mA 0.4 v 

VoH Output High Voltage TTL loH =-1mA 3.6 v 

v,o A9 Voltage 11.5 12.5 v 
Note: 1. Vee must be applied simultaneously with or before Vee and removed simultaneously or after Vee 

Table 9. Programming Mode AC Characteristics (1) 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12. 75V ± 0.25V) 

Symbol All Parameter Test Condition Min Max Unit 

lA VEL lAS Address Valid to Chip Enable Low 2 J.lS 

to vEL los Input Valid to Chip Enable Low 2 J.lS 

IVPHEL tvps Vpp High to Chip Enable Low 2 J.lS 

tvCHEL tvcs Vee High to Chip Enable Low 2 J.lS 

IELEH tpw Chip Enable Program Pulse Width 95 105 J.lS 

IEHQX toH Chip Enable High to Input Transition 2 J.lS 

loXGL loES Input Transition to Output Enable Low 2 J.!S 

IGLOV toE Output Enable Low to Output Valid 100 ns 

IGHOZ IDFP Output Enable High to Output Hi-Z 0 130 ns 

tcHAX IAH Output Enable High to Address Transition 0 ns 

Note: 1. Vee must be applied Simultaneously with or before Vpe and removed simultaneously or after Vee. 

DEVICE OPERATION (cont'd) 

between Vee and Vss for every eight devices. The 
bulk capacitor should be located near the power 
supply connection point. The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 

Programming 

When delivered (and after each erasure for UV 
EPROM), all bits of the M27C256B are in the "1" 
state. Data is introduced by selectively program-

ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1 s" and "Os" 
can be present in the data word. The only way to 
change a "0" to a "1" is by die exposition to ultravi­
olet light (UV EPROM). The M27C256B is in the 
prog@mming mode when Vpp input is at 12.75 V, 
and E is at TTL-low. The data to be programmed 
is applied 8 bits in parallel to the data output pins. 
The levels required for the address and data inputs 
are TTL. Vee is specified to be 6.25 V ± 0.25 V. 

~618::...._ __________ ID'I SGS·lHOMSON ------------
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Figure 6. Programming and Verify Modes AC Waveforms 

VALID 

tAVE~-j 

AO-A14 =1:: 
Q0-07 DATA IN DATA OUT 

tQVEL_. \EHQX -tGLQV -
tVPHEL - tGHQZ 

Vee ___j - \VCHEL - tGHAX 

\..__/ ·- tQXGL -- tELEH -
---PROGRAM---~;---- VERIFY -------.: 

Figure 7. Programming Flowchart 

Vee = 6 25V, Vpp = 12 75V 

Vee = 5V. Vpp = 5V 

Check all bytes 

VA00760 

' 
VA00759 

PRESTO II Programming Algorithm 

PRESTO II Programming Algorithm allows to pro­
gram the whole array with a guaranteed margin, in 
a typical time of less than 3 seconds. Programming 
with PRESTO II involves the application of a se­
quence of 1 OO(ls program pulses to each byte until 
a correct verify occurs. During programming and 
verify operation, a MARGIN MODE circuit is auto­
matically activated in order to guarantee that each 
cell is programmed with enough margin. No over­
program pulse is applied since the verify in MAR­
GIN MODE provides necessary margin to each 
programmed cell. 

Program Inhibit 

Programming of multiple M27C2568s in parallel 
with differer,n data is also easily accoi!!J>Iished. 
Except for E, all like inputs including G of the 
parallel M27C2568 may be common. A TTL low 
level pulse applied to a M27C256B's E input, with 
Vpp at 12.-z? V, will program that M27C2568. A 
high level E input inhibits the other M27C2568s 
from being programmed. 

Program Verify 

A verify (read) should be performed on the pro­
grammed bits to determine that they were corr~ly 
pro9_!:.ammed. The verify is accomplished with G at 
V1L, Eat V1H, Vpp at 12.75V and Vee at 6.25V. 

- ----------- ~'I SGS·1HOMSON ___________ 7:..:..::.18 
.. ...,, li:l!Oirol@rn~a 
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Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. Thi~ mode is 
intended for use by programm1ng equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C ± 5°C ambient 
temperature range that is requ!red w~en pro­
gramming the M27C256B. To activate th1s mode, 
the programming equipment must force 11.5V to 
12.5V on address line A9 of the M27C256B, with 
Vee ; Vpp ; 5V. Two identifier bytes may then be 
sequenced from the device outputs by toggling 
address line AO from V1L to V1H. All other address 
lines must be held at V1L during Electronic Signa­
ture mode. Byte 0 (AO;VIL) represents the manu­
facturer code and byte 1 (AO;VIH) the device 
identifier code. For the SGS- THOMSON 
M27C256B, these two identifier bytes are given 
here below, and can be read-out on outputs 00 to 
07. 

ERASURE OPERATION (applies for UV EPROM) 

The erasure characteristics of the M27C256B is 
such that erasure begins when the cells are ex-

ORDERING INFORMATION 

posed to light witll wavelengths shorter than .ap­
proximately 4000 A. It should be noted that sunlight 
and some type of fluore!)cent lamps have wave­
lengths in the 3000-4000 A range. Research shows 
that constant exposure to room level fluorescent 
lighting could erase a typical M27C256B in about 
3 years, while it would take approximately 1 week 
to cause erasure when exposed to direct sunlight. 
If the M27C256B is to be exposed to these types 
of lighting conditions for extended periods of time, 
it is suggested that opaque labels be put over the 
M27C256B window to prevent unintentional era­
sure. The recommended erasure procedure for the 
M27C256B is exposure to short wave ultraviolet 
light which has wavelength 2537A. The integrated 
dose (i.e. UV intensity x exposure time) for erasure 
should be a minimum of 15 W-sec/cm2. The era­
sure time with this dosage is approximately 15 to 
20 minutes using an ultraviolet lamp with 12000 
!JW/cm2 power rating. The M27C256B should be 
placed within 2.5 em (1 inch) of the lamp tubes 
during the erasure. Some lamps have a filter on 
their tubes which should be removed before era­
sure. 

Example: M27C256B -80 X F L 

.------I I 
Speed II Vee Tolerance II Package II Temperature Range I L_____:....:::c:.c.:.::.=._---..J 

Option 

-80 80 ns X ±5% F FDIP28W 0 to 70 oc L Low Power 

-90 90 ns blank ± 10% B PDIP28 3 -40 to 125 oc X Additional 

-10 100 ns c PLCC32 6 -40 to 85 oc Burn-in 

-12 120 ns M PS028 7 -40 to 105 oc TR Tape & Reel 

-15 150 ns 330 mils 

N -20 200 ns 
PTS028 
8 x 13.4mm 

-25 250 ns 

For a list of available options of Speed, Vee Tolerance, Package and ~emperat.ur~ Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be penod1cally up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

~8~/8~------------------------ ~ ~~~~~g~~~~~ ---------------------------
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M87C257 
ADDRESS LATCHED 

CMOS 256K (32K x 8) UV EPROM and OTP ROM 

• INTEGRATED ADDRESS LATCH 
• VERY FAST ACCESS TIME: 1 OOns 
!' COMPATIBLE WITH HIGH SPEED MICRO­

PROCESSORS, ZERO WAIT STATE 

• LOW POWER "CMOS" CONSUMPTION: 
- Active Current 30mA 

- Standby Current 200)1A 
• PROGRAMMING VOLTAGE: 12.75V 

• ELECTRONIC SIGNATURE FOR AUTOMATED 
PROGRAMMING 

• PROGRAMMING TIMES OF AROUND 3sec. 
(PRESTO II ALGORITHM) 

DESCRIPTION 

The M87C257 is a high speed 262,144 bit UV 
erasable and electrically programmable memory 
EPROM. The M87C257 incorporates latches for all 
address inputs to minimize chip count, reduce cost, 
and simplify the design of multiplexed bus systems. 

The 28 pin Window Ceramic Frit-Seal Dual-in-Line 
package has a transparent lid which allows the user 
to expose the chip to ultraviolet light to erase the 
bit pattern. A new pattern can then be written to the 
device by following the programming procedure. 

For applications where the content is programmed 
only one time and erasure is not required, the 
M87C257 is offered in Plastic Leaded Chip Carrier, 
package. 

Table 1. Signal Names 

AO-A14 Address Inputs 

Q0-07 Data Outputs 

E Chip Enable 
-
G Output Enable 

ASVpp Address Strobe I Program Supply 

Vee Supply Voltage 

Vss Ground 

May 1992 

1 

FDIP28W (F) PLCC32 (C) 

Figure 1. Logic Diagram 

Vee 

Vss 
VA00928 

1/9 
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Figure 2A. DIP Pin Connections 

ASVpp 

A12 
A7 

A6 

AS 

A4 
A3 

A2 

A1 

AO 
QO 

Q1 

Q2 

Vss 

~ 
[ 

~ 
~ 
~ 

1 '-' 

2 
3 

4 

5 
6 

7 
M87e257 

8 
9 

10 
11 

12 
13 

14 

28 Vee 
27 A14 

26 A13 

25 A8 

24 A9 

23 A11 

22 G 
21 A10 

20 E 
19 Q7 

18 Q6 

17 Q5 

16 Q4 

15 Q3 

VA00929 

Table 2. Absoulte Maximum Ratings 

Symbol Parameter 

TA Ambient Operating Temperature 

Te1As Temperature Under Bias 

Tsm Storage Temperature 

V1o Input or Output Voltages 

Vee Supply Voltage 

VAs A9 Voltage 

Vpp Program Supply 

Figure 2C. LCC Pin Connections 

[]_ 
[]_ 

N > u "' "' " :;:;: I~ ::> u :;:;: :;:;: <( 0 > 

A6 A8 

A5 A9 

A4 A11 

A3 NC 

A2 G 

A1 A10 

AO E 

NC 07 

00 06 

5 N (/) ::> "' "' t{) 

a (/) 0 a a a 
> 

VA00930 

Warning: NC =No Connection, DU = Dont't Use. 

Value Unit 

grade 1 Oto 70 
grade 3 -40 to 125 oc 
grade 6 -40 to 85 
grade 7 -40 to 105 

-50 to 125 oc 
-65 to 150 oc 
-o.6to7 v 
-o.6to7 v 
-o.Sto 13.5 v 
-o.6to 14 v 

Note: Except for the rating "Operating Temperature Range", stresses above those listed 1n the Table "Absolute Maximum Ratings'" may cause 
permanent damage to the device These are stress ratings only and operabon of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rat1ng conditions for extended penods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 

DEVICE OPERATION 

The modes of operation of the M87C257 are listed 
in the Operating Modes. A single SV power supply 
is required in the read mode. All inputs are TTL 
levels except for Vpp and 12V on A9 for Electronic 
Signature. 

Read Mode 

The M87C257 has two control functions, both of 
which must be logically active in .Q_rder to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 

=2'-=-9------------~.V ~~m~~~~~-------------
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DEVICE OPERATION (cont'd) 

be used to gate data to the output pins, indepen­
dent of device selection. Assuming that the ad­
dresses are stable (AS= VI H) or latched (AS= VIL), 
the address access time (tAvov) is equal to the 
delay from E to output (tELav). Data is available at 
the_Qutput after delay .Qf tGLOV from the falling edge 
of G, assuming that E has been low and the ad­
dresses have been stable for at least tAvov-tGLov. 

The M87C257 reduces the hardware interface in 
multiplexed address-data bus systems. The pro­
cessor multiplexed bus (ADO-AD?) may be tied to 
the M87C257's address and data pins. No sepa­
rate address latch is needed because the 
M87C257 latches all address inputs when AS is 
low. 

Standby Mode 

The M87C257 has a standby mode which reduces 
the active current from 30mA to 200J.1A. The 
M87C257 is placed in the stan.Qby mode by apply­
ing a CMOS high signal to theE input. When in the 
standby mode, the outputs are in a high impedance 
state, independent of the G input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem­
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 

Table 3. Operating Modes 

Mode E G 

Read (Latched Address) VrL VrL 

Read (Applied Address) VrL VrL 

Output Disable VrL VrH 

Program VrL Pulse VrH 

Verify VrH VrL 

Program Inhibit V1H V1H 

Standby V1H X 

Electronic Signature V1L VrL 

Notes: X = VrH or VrL, Vro = 12V ± O.SV 

Table 4. Electronic Signature 

Identifier AO Q7 Q6 Q5 

Manufacturer's Code V1L 0 0 1 

Device Code VrH 1 0 0 

M87C257 

memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem­
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is desired from a particular memory device. 

System Considerations 

The power switching characteristics of Advance 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg­
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks !~at are produced by 
the falling and rising edges of E. The magnitude of 
this transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. The associated transient voltage peaks can 
be suppressed by complying with the two line 
output control and by properly selected decoupling 
capacitors. It is recommended that a 1 11F ceramic 

A9 ASVpp QO-Q7 

X VrL Data Out 

X VrH Data Out 

X X Hi-Z 

X Vpp Data In 

X Vpp Data Out 

X Vpp Hi-Z 

X X Hi-Z 

V1o VrL Codes 

Q4 Q3 Q2 Q1 QO Hex Data 

0 0 0 0 0 20h 

0 0 0 0 0 SOh 

--------------~ ~~~©lt&W&1~~~~ ____________ _:3:::..::/9 
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times s 20ns 

Input Pulse Voltages 0.4V to 2.4V 

Input and Output Timing Ref. Voltages 0.8V to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 

0.4V 

~2.0V 

~0.81/ 
VA00826 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

1.3V 

f 
0 

__j 
..!... 

T 

1N914 

3.3KQ 

CL mcludes JIG copac1tance 

OUT 

VA00828 

Table 5. Capacitance (T A = 25 oc, f = 1 MHz ) 

Symbol Parameter Test Condition Min Max Unit 

CIN Input Capacitance V1N = OV 6 pF 

CouT Output Capacitance VouT = OV 12 pF 

Note: This parameter is sampled only and not tested 100% 

Figure 5. Read Mode AC Waveforms 

} I· I •ASLA~::::::::~A;=r== 
- tAV,l,SL 

I 

AO-A14 

j 

~ i ~~-----------------------+----

1 

tASH.ASl. 

-4-------t>'- t AS L G L 
' I 

f-.-{AVIQV I 

AS 

E 

G 

QO-Q7 
r- tELOv -JK _______ o_A_T A_o_u_;i.._-_t_G_H_o_z --~ Hi-Z 

VA00931 
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Table 6. Read Mode DC Characteristics (l) 

(TA = 0 to 70°C, -40 to 85°C, -40 to 1 05°C or -40 to 1 25°C; Vee = 5V ± 5% or 5V ± 1 0%; Vpp = Vee) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current OV S V1N S Vee 

ILO Output Leakage Current OV s VouT s Vee 

Icc Supply Current E = V1L, G = V1L, f = 5MHz 

lcc1 (21 Supply Current (Standby) TIL 

lee2 (21 Supply Current (Standby) CMOS E>Vee-0.2V 

lpp Program Current Vpp =Vee 

Input Low Voltage -0.3 

Input High Voltage 2 

Output Low Voltage loL = 2.1mA 

VoH Output High Voltage loH = -1mA Vee-0.8V 

Notes: 1. Vee must be applied simultaneously w1lh or before Vee and removed s1mullaneously or after Vee. 
2. Stable Inputs 

Table 7. Read Mode AC Characteristics <1l 

Max Unit 

±10 llA 

±10 

30 mA 

rnA 

200 

100 

0.8 v 

Vee+ 1 v 

0.4 v 

v 

(TA = 0 to 70°C, -40 to 85°C, -40 to 1 05°C or -40 to 1 25°C; Vee = 5V ± 5% or 5V ± 1 0%; Vpp = Vee) 

M87C257 
Symbol All Parameter Test 

Condition -10 -12 -15 

Min Max Min Max Min Max 

IAVOV lAce 
Address Valid to Output E..= v,L, 

100 120 Valid G =VIL 

IAVASL IAL 
Address Valid to Address 7 7 7 Strobe Low 

IASHASL ILL 
Address Strobe High to 35 35 35 Address Strobe Low 

lAS LAX ILA 
Address Strobe Low to 

20 20 20 Address Transition 

IASLGL ILOE 
Address Strobe Low to 

20 20 20 
Output Enable Low 

Chip Enable Low to -
IELOV leE Output Valid 

G = v,L 100 120 

Output Enable Low to -
IGLQV toE Output Valid 

E = v,L 40 50 

IEHOZ (2) 
Chip Enable High to -

I oF Output Hi-Z G = VIL 0 30 0 40 0 

IGHOZ (2) toF 
Output Enable High to 

E = V1L 0 30 0 40 0 
Output Hi-Z 

IAXQX toH 
Address Transition to E.= v,L, 0 0 0 
Output Transition G = V1L 

Notes: 1. Vee must be applied Simultaneously With or before Vee and removed s1mullaneously or after Vee. 
2 Th1s parameter IS sampled only and not 100% tested. 

150 

150 

60 

40 

40 

-20 Unit 

Min Max 

200 ns 

15 ns 

50 ns 

30 ns 

30 ns 

200 ns 

70 ns 

0 40 ns 

0 40 ns 

0 ns 
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Table 8. Programming Mode DC Characteristics (1) 
(TA = 25 °C; Vee= 6.25V ± 0.25V; Vpp = 12. 75V ± 0.25V) 

Symbol Parameter Test Condition 

lu Input Leakage Current VIL !>YIN!> YIH 

Icc Supply Current 

lpp Program Current E=VIL 

VIL Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage loL=2.1mA 

VoH Output High Voltage TTL loH=-1mA 

V1o A9Voltage 

Min 

-o.3 

2 

Vee -0.8V 

11.5 

Note: 1. Vee must be applied Simultaneously w1th or before VPP and removed simultaneously or after Vpp. 

Table 9. Programming Mode AC Characteristics (1) 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol A It Parameter 

lA VeL lAS Address Valid to Chip Enable Low 

taveL los Input Valid to Chip Enable Low 

tvPHeL lvPs Vpp High to Chip Enable Low 

tveHeL tves Vee High to Chip Enable Low 

teLeH tpw Chip Enable Program Pulse Width 

teHOX toH Chip Enable High to Input Transition 

taxGL toes Input Transition to Output Enable Low 

tGLQV toe Output Enable Low to Output Valid 

IGHQZ loFP Output Enable High to Output Hi-Z 

tGHAX IAH Output Enable High to Address Transition 

Test Condition 

Note: 1. Vee must be applied simultaneously with or before Vpp and removed Simultaneously or after Vpp. 

Max Unit 

±10 j.iA 

50 mA 

50 mA 

0.8 v 
Vee+ 0.5 v 

0.4 v 
v 

12.5 v 

Min Max Unit 

2 1!5 

2 f!S 

2 1!5 

2 1!5 

95 105 1!5 

2 1!5 

2 1!5 

100 ns 

0 130 ns 

0 ns 

=6/~9-----------------------~~~~~~~©~--------------------------
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Figure 6. Programming and Verify Modes AC Waveforms 

AO-A14 VALID 

-\AVEL _, 

I I 
DATA IN \' _V DATA OUT 

I tQVEL-+ tEHOX I 

00-07 

---. tGLovf--

\VPHEL - tGHOZ 

:=q tVCHEL - tGHAX 

'----../ '---. \QXGL ~ 
__. tELEH -

: 
: I 

:.----PROGRAM------ VERIFY ----: 

Figure 7. Programming Flowchart 

Vee 6 25V, Vpp = 12. 75V 

I 

' Vee = 5V, Vpp = 5V 

Check oil bytes 

VA00760 

VA00759 

DEVICE OPERATION (cont'd) 

capacitor be used on every device between Vee 
and Vss. This should be a high frequency capacitor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 
4.7!1F bulk electrolytic capacitor should be used 
between Vee and Vss for every eight devices. The 
bulk capacitor should be located near the power 
supply connection point. The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 

Programming 

When delivered (and after each erasure for UV 
EPROM), all bits of the M87C257 are in the "1" 
state. Data is introduced by selectively program­
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1 s" and "Os" 
can be present in the data word. The only way to 
change a "0" to a "1" is by die exposition to ultravi­
olet light (UV EPROM). The M87C257 is in the 
prog_@mming mode when Vpp input is at 12.75 V, 
and E is at TTL-low. The data to be programmed 
is applied 8 bits in parallel to the data output pins. 
The levels required for the address and data inputs 
are TTL. Vee is specified to be 6.25 V ± 0.25 V. 

r=-= SGS·lHOMSON 7/9 -------------- A.""JI li:IIJ©:m:DJ~l[©liml©'i:IU©§ ---------------'= 
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PRESTO II Programming Algorithm 

PRESTO II Programming Algorithm allows to pro­
gram the whole array with a guaranteed margin, in 
a typical time of less than 3 seconds. Programming 
with PRESTO II involves the application of a se­
quence of 1 OOf.lS program pulses to each byte until 
a correct verify occurs. During programming and 
verify operation, a MARGIN MODE circuit is auto­
matically activated in order to guarantee that each 
cell is programmed with enough margin. No over­
program pulse is applied since the verify in MAR­
GIN MODE provides necessary margin to each 
programmed cell. 

Program Inhibit 

Programming of multiple M87C257s in parallel with 
diffe.r.ent data is also easily acco!JlPiished. Except 
for E, all like inputs including G of the parallel 
M87C257 may be common. A TTL low level pulse 
applied to a M87C257's E input, with Vpp a!._12. 75 
V, will program that M87C257. A high level E input 
inhibits the other M87C257s from being pro­
grammed. 

Program Verify 

A verify (read) should be performed on the pro­
grammed bits to determine that they were corr~tly 
prog.r:.ammed. The verify is accomplished with G at 
V1L. Eat V1H, Vpp at 12. 75V and Vee at 6.25V. 

Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C ±soc ambient 
temperature range that is required when program­
ming the M87C257. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 

on address line A9 of the M87C257, with Vee= Vpp 
= 5V. Two identifier bytes may then be sequenced 
from the device outputs by toggling address line AO 
from V1L to V1H. All other address lines must be held 
at V1L during Electronic Signature mode. Byte 0 
(AO=VIL) represents the manufacturer code and 
byte 1 (AO=VIH) the device identifier code. When 
A9 = V1o, AS need not be toggled to latch each 
identifier address. For the SGS-THOMSON 
M87C257, these two identifier bytes are given here 
below, and can be read-out on outputs QO to 07. 

ERASURE OPERATION (applies for UV EPROM) 

The erasure characteristics of the M87C257 is such 
that erasure begins when the cells are exposed to 
light with wavelengths shorter than approximately 
4000 A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000 A range. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M87C257 in about 3 years, while it 
would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the M87C257 is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque labels be put over the M87C257 window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M87C257 is exposure to 
short ,wave ultraviolet light which has wavelength 
2537A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm2. The erasure time with this dos­
age is approximately 15 to 20 minutes using an 
ultraviolet lamp with 12000 f!W/cm2 power rating. 
The M87C257 should be placed within 2.5 em (1 
inch) of the lamp tubes during the erasure. Some 
lamps have a filter on their tubes which should be 
removed before erasure. 

=8/-=-9 ____________ ~ ~i~©mg~~~?~ --------------
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ORDERING INFORMATION 

-10 

-12 

-15 

-20 

Example: M87C257 -10 X F 1 L 

TTTT 
~------~ 1 I 1~~,i 

I ,-----L-----~ r----~-----. 
Speed 

100 ns 

120 ns 

150 ns 

200 ns 

II Vee Tolerance '-----=-=---'-------'-'-----'1 I Package I I Temperature Range I Ll ____ 0'-'-p--'ti--'-o_n __ ___, 

X ±5% 

blank ±10% 

F FDIP28W 1 0 to 70 oc L Low Power 

C PLCC32 3 -40 to 125 oc X Add1t1onal 
Burn-m 6 -40 to 85 oc 

7 -40 to 105 oc 
TR Tape & Reel 

For a list of available options of Speed, Vee Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

---------------------------~~i~;~~&9~------------------------~9~/9 
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M27C512 

CMOS 512K (64K x 8) UV EPROM and OTP ROM 

,. VERY FAST ACCESS TIME: SOns 
• COMPATIBLE WITH HIGH SPEED MICRO­

PROCESSORS, ZERO WAIT STATE 
• LOW POWER "CMOS" CONSUMPTION: 

- Active Current 30mA 
- Standby Current 1 OO!lA 

• PROGRAMMING VOLTAGE: 12.75V 
• ELECTRONIC SIGNATURE FOR AUTOMATED 

PROGRAMMING 
• PROGRAMMING TIMES OF AROUND 6sec. 

(PRESTO liB ALGORITHM) 

DESCRIPTION 

The M27C512 is a high speed 524,288 bit UV 
erasable and electrically programmable EPROM 
ideally suited for applications where fast turn­
around and pattern experimentation are important 
requirements. Its is organized as 65,536 by 8 bits. 

The 28 pin Window Ceramic Frit-Seal Dual-in-Line 
package has transparent lid which allows the user 
to expose the chip to ultraviolet light to erase the 
bit pattern. A new pattern can then be written to the 
device by following the programming procedure. 

For applications where the content is programmed 
only one time and erasure is not required, the 
M27C512 is offered in Plastic Dual-in-Line, Plastic 
Thin Small Outline and Plastic Leaded Chip Carrier 
packages. 

Table 1. Signal Names 

AO- A15 Address Inputs 

00-07 Data Outputs 

E Chip Enable 
-
GVpp Output Enable I Program Supply 

Vee Supply Voltage 

Vss Ground 

March 1992 

~~ 
)~ 

1 

FDIP28W (F) 

"~ 
1 

PDIP28 (B) 

PLCC32 (C) PTS028 (N) 
8 x 13.4mm 

Figure 1. Logic Diagram 

Vee 

16 8 

AO-A15 00-07 

M27e512 

E 

GVpp 

Vss 
VA00761 
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Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto 70 
grade 6 -40 to 85 oc 
grade 3 -40 to 125 

TBIAS Temperature Under Bias -50 to 125 oc 
TsTG Storage Temperature -65to 150 oc 
V1o Input or Output Voltages -0.6 to 7 v 
Vee Supply Voltage -0.6 to 7 v 
VMJ A9 Voltage -0.61013.5 v 
Vpp Program Supply Voltage -0.6to 14 v 

Note: Except for the rat1ng "Operatmg Temperature Range", stresses above those listed in the Table "Absolute Max1mum Ratings" may cause 
permanent damage to the dev1ce These are stress ratmgs only and operaton of the device at these or any other conditions above those 
1nd1cated m the Operating sect1ons of th1s speCification 1s not 1mpl1ed. Exposure to Absolute Max1mum Ratmg cond1t1ons for extended penods 
may affect dev1ce rel1abihty Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

Figure 2A. DIP Pin Connections 

Al5 
A12 
A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 
00 
01 
02 

Vss 

I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

'-" 28 
27 
26 
25 
24 
23 

M27C512 
22 
21 
20 
19 
18 
17 
16 
15 

VA00762 

Vee 
Al4 
Al3 
AS 
A9 
All 
GVpp 
A10 
E 
07 
06 
05 
04 
03 

Figure 2C. PTSO Pin Connections 

7 I 28 22 

VA00764 

Figure 28. LCC Pin Connections 

A6 
AS 

A4 

A3 

A2 9 

Al 

AD 

NC 

00 

(j) 32 

M27C512 

17 

AB 
A9 

All 

NC 

25 GVpp 

A10 

E 
07 
06 

VA00763 

Warning: NC =No Connection, DU =Don't Use 

DEVICE OPERATION 

The modes of operations of the M27C512 are listed 
in the Operating Modes table. A single SV power 
supply is required in the_!ead mode. All inputs are 
TTL levels except for GVpp and 12V on AS for 
Electronic Signature. 

Read Mode 

The M27C512 has two control functions, both of 
which must be logically active in Q_rder to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen­
dent of device selection. Assuming that the ad­
~resses are stable, the adQ!ess access time (tAvav) 
IS equal to the delay from E to output (tELav). Data 

=2/-=.9 ____________ '-V ~~S.;n&~l~9©, --------------
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DEVICE OPERATION (cont'd) 

is available at the ~tput after a deiC!}' of tGLOV from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 

Standby Mode 

The M27C512 has a standby mode which reduces 
the active current from 30mA to 100J.!A (or 200J.!A, 
see Read Mode DC Characteristics Table for de­
tails). The M27C512 is placed in the standQy mode 
by ap~lying a CMOS high signal to the E input. 
When m the standby mode, the outputs are in a 
high impedance state, independent of the GVpp 
input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem­
ory arrays, the product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

Eor the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem­
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 

Table 3. Operating Modes 

Mode E 

Read V1L 

Output Disable V1L 

Program V1L Pulse 

Program Inhibit V1H 

Standby V1H 

Electronic Signature V1L 

Notes: X~ v,H or VIL, v,o ~ 12V ± 0.5V 

Table 4. Electronic Signature 

Identifier AO 07 06 Q5 

Manufacturer's Code V1L 0 0 1 

Device Code VIH 0 0 1 

M27C512 

System Considerations 

The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg­
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks that are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. The associated transient voltage peaks 
can be suppressed by complying with the two line 
outpu~ control _and by properly selected decoupling 
capac!tors. It IS recommended that a 1J.LF ceramic 
capac1tor be used on every device between Vee 
and Vss. This should be a high frequency capacitor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 
4.7JlF bulk electrolytic capacitor should be used 
between Vee and Vss for every eight devices. The 
bulk capacitor should be located near the power 
supplyconnection point.The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 

Programmin_g 

When delivered (and after each erasure for UV 
EPROM), all bits of the M27C512 are in the "1" 
state. Data is introduced by selectively program­
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1 s" and "Os" 
can be present in the data word. The only way to 
change a "0" to a "1 "is by die exposure to ultraviolet 
light (U_Y EPROM). The M27C512 is in the pro­
gramming mode when Vpp input is at 12. 75V and 

GVpp A9 00-07 

V1L X Data Out 

V1H X Hi-Z 

Vpp X Data In 

Vpp X Hi-Z 

X X Hi-Z 

VIL V1o Codes 

04 03 02 01 00 Hex Data 

0 0 0 0 0 20h 

1 1 1 0 1 3Dh 

---------------------------~~i~©~gmi9~ ------------------------~3~19 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 

Input Rise and Fall Times 

Input Pulse Voltages 

s 20ns 

0.4V to 2.4V 

Input and Output Timing Ref. Voltages O.BV to 2.0V 

Note that Output Hi-Z is defmed as the pomt where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 
~2.0V 

~O.SV 
0.4V 

DEVICE 
UNDER 
TEST 

1.3V 

T 
VA00826 

CL Includes JIG copocllonce 

Table 5. Capacitance (T A = 25 oc, f = 1 MHz ) 

Symbol Parameter Test Condition Min 

GiN Input Capacitance v,N = ov 

Cour Output Capacitance Vour= OV 

Notes. 1. Vee must be apphed simultaneously w1th or before Vpp and removed Simultaneously With or after Vpp. 
2 This parameter IS sampled only and not tested 1 00%. 

Table 6. Read Mode DC Characteristics (t) 

Max 

6 

12 

(TA = 0 to 70 °C, -40 to 85 oc or-40 to 125 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current ov s v,N s Vee 

ILO Output Leakage Current OV s Vour s Vee 

Icc Supply Current E = V1L, G = V1L, f = 5MHz 

lcc1 Supply Current {Standby) TTL E=ViH 

lcci21 
-

Supply Current (Standby) CMOS E > Vcc-0.2V 

lpp Program Current Vpp =Vee 

v,L Input Low Voltage -0.3 

Max 

±10 

±10 

30 

1 

100 

10 

0.8 

OUT 

VAOOB2B 

Unit 

pF 

pF 

Unit 

11A 

11A 

rnA 

rnA 

llA 

11A 

v 

V1H Input High Voltage 2 Vee+ 1 v 

VoL Output Low Voltage loL= 2.1mA 

VoH 
Output High Voltage TTL loH = -1mA 3.6 

Output High Voltage CMOS loH = -10011A Vcc-0.7V 

Notes: 1. Vee must be apphed simultaneously With or before VPP and removed simultaneously or after Vpp. 
2. For speeds -80, -90, -10 and Option "L" only. For other types the maxrmum lee2 rs 200!1A. 

0.4 v 

v 

v 

_;.:4/..:..9 ____________ ~ ~~©1H~"":~9~ --------------
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Table 7 A. Read Mode AC Characteristics <1> 
(TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 °C; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

M27C512 

Symbol Alt Parameter Test Condition -80 -90 -10 -12 

Min Max Min Max Min Max Min Max 

IAVQV lAce 

IELQV leE 

lmov loE 

IEHOZ 121 loF 

IGHOZ (2) I oF 

tAXQX loH 

Address Valid to Output 
Valid 

Chip Enable Low to 
Output Valid 

Output Enable Low to 
Output Valid 

Chip Enable High to 
Output Hi-Z 

Output Enable High to 
Output H1-Z 

Address Transition to 
Output Transition E = V1L. G = V1L 

Table 78. Read Mode AC Characteristics <1> 

80 90 100 

80 90 100 

40 40 40 

0 30 0 30 0 30 

0 30 0 30 0 30 

0 0 0 

(T A= 0 to 70 °C, -40 to 85 oc or -40 to I 25 oc; Vee = 5V ± 5% or 5V ± I 0%; Vpp =Vee) 

M27C512 
Symbol A It Parameter Test Condition -15 -20 

120 

120 

50 

0 40 

0 40 

0 

-25 

Min Max Min Max Min Max 

tAVOV lAce Address Valid to Output Valid E = V1L, G = V1L 150 200 

IELOV leE Chip Enable Low to Output Valid G=ViL 150 200 

IGLQV toE Output Enable Low to Output Valid E = VIL 60 70 

IEHOZ (2) I oF Chip Enable High to Output Hi-Z G =VIL 0 50 0 60 

IGHOZ (2) loF Output Enable High to Output Hi-Z E = VIL 0 50 0 60 

Address Transition to - -
IAXQX loH Output Transition E = v,L, G = v,L 0 0 

Notes. 1 Vee must be applied simultaneously w1th or before VPP and removed simultaneously or after Vpp 
2 This parameter 1s sampled only and not 100% tested. 

Figure 5. Read Mode AC Waveforms 

AO-A15 

\AX OX -t----t+-

Q0-07 

\.- IGHQZ--.! 

~ 
L-___ D_A_T_A_O_U_T ______ _J~ 

VA007JS 

250 

250 

100 

0 60 

0 60 

0 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 
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Table 8. Programming Mode DC Characteristics <1l 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol Parameter Test Condition 

lu Input Leakage Current VIL:;; VIN :;; VIH 

Icc Supply Current 

lpp Program Current E= V1L 

V1L Input Low Voltage 

Min Max 

±10 

50 

50 

-Q.3 0.8 

VIH Input High Voltage 2 Vee+ 0.5 

VoL Output Low Voltage loL = 2.1 rnA 0.4 

VoH Output High Voltage TTL loH =-1mA 3.6 

V1o A9 Voltage 11.5 12.5 

Note: 1. Vee must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 

Table 9. MARGIN MODE AC Characteristics <1l 
(T A= 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12. 75V ± 0.25V) 

Symbol All Parameter Test Condition Min 

IA9HVPH IAS9 VA9 High to Vpp High 2 

IVPHEL lvps Vpp High to Chip Enable Low 2 

IAtOHEH lASlO VA10 High to Chip Enable High (Set) 1 

lAtOLEH lAs to VA10 Low to Chip Enable High (Reset) 1 

IEXA10X IAH10 Chip Enable Transijion to VA10 Transition 1 

IEXVPX lVPH Chip Enable Transition to Vpp Transition 2 

tvPXA9X tAH9 Vpp Transition to VA9 Transition 2 

Note: 1. Vee must be applied simultaneously with or before v •• and removed simultaneously or after Vpp. 

Table 10. Programming Mode AC Characteristics <1l 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12. 75V ± 0.25V) 

Symbol All Parameter 

lA VEL lAs Address Valid to Chip Enable Low 

to vEL los Input Valid to Chip Enable Low 

tvcHEL tvcs Vee High to Chip Enable Low 

tvPHEL lOES Vpp High to Chip Enable Low 

IVPLVPH lPRT Vpp Rise Time 

IELEH lpw Chip Enable Program Pulse Width (Initial) 

IEHOX toH Chip Enable High to Input Transition 

tEHVPX toEH Chip Enable High to Vpp Transition 

IVPLEL tvR Vpp Low to Chip Enable Low 

IELQV lov Chip Enable Low to Output Valid 

IEHOZ 121 IDFP Chip Enable High to Output Hi-Z 

lEHAX IAH Chip Enable High to Address Transition 

Test Condition Min 

2 

2 

2 

2 

50 

95 

2 

2 

2 

0 

0 

Notes: 1. Vee must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. This parameter is sampled only and not 1 00% tested. 

Unit 

JlA 

rnA 

rnA 

v 
v 
v 
v 
v 

Max Unit 

JlS 

JlS 

JlS 

JlS 

JlS 

JlS 

JlS 

Max Unit 

JlS 

JlS 

JlS 

JlS 

ns 

105 JlS 

JlS 

JlS 

JlS 

1 JlS 

130 ns 

ns 
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Figure 6. MARGIN MODE AC Waveforms 

Vee 

A8 

A9 ; 
tA9HVPH -tVPXA9X "I 

GVpp 

tVPHEL L - tEXVPX 1-

1 
tA10HEH 

A10 Set 

A10 Rese t 

tA10LEH 
VA00736 

Figure 7. Programming and Verify Modes AC Waveforms 

AO-A15 

--.j-1+-- tEHAX 

Q0-07 DATA OUT 

~-__,.- tELQV 

_,_---+_ tEHVPX 

GVpp 

E 

;.---- PROGRAM----.;..- VERIFY ----..; 

VA00737 
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Figure 8. Programming Flowchart 

Vee = 6.25V, Vpp = 12.75V 
SET MARGIN MODE 

RESET MARGIN MODE 
Vee = 5V, Vpp = 5V, Check all bytes 

VA007.38 

DEVICE OPERATION (cont'd) 

E is at TTL-low. The data to be programmed is 
applied 8 bits in parallel to the data output pins. The 
levels required for the address and data inputs are 
TTL. Vee is specified to be 6.25V ± 0.25V. 

The M27C512 can use PRESTO liB Programming 
Algorithm that drastically reduces the programming 
time (typically less than 6 seconds). Nevertheless 
to achieve compatibility with all programming 
equipments, PRESTO Programming Algorithm can 
be used as well. 

PRESTO liB Programming Algorithm 

PRESTO liB Programming Algorithm allows the 
whole array to be programmed with a guaranteed 
margin, in a typical time of less than 7 seconds. 
This can be achieved with SGS-THOMSON 
M27C512 due to several design innovations de­
scribed in the M27C512 datasheet to improve pro­
gramming efficiency and to provide adequate 
margin for reliability. Before starting the program­
ming the internal MARGIN MODE circuit is set in 

order to guarantee that each cell is programmed 
with enough margin. Then a sequence of 1 0011s 
program pulses are applied to each byte until a 
correct verify occurs. No overprogram pulses are 
applied since the verify in MARGIN MODE provides 
the necessary margin. 

Program Inhibit 

Programming of multiple M27C512s in parallel with 
diff!i!:ent data is also easily acQ_gmplished. Except 
for E, all like inputs including GVpp of the parallel 
M27C512 may be comriJ_on. A TTL low level pulse 
applied to a M27C512's E input, with Vpp at 12.75V, 
will program that M27C512. A high level E input 
inhibits the other M27C512s from being pro­
grammed. 

Program Verify 

A verify (read) should be performed on the pro­
grammed bits to determine that they were correctly 
programmed. The verify is accomplished with Gat 
V1L. Data should be verified with tELOV after the 
falling edge of E. 
Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. This 
mode is functional in the 25°C ± soc ambient 
temperature range that is required when program­
ming the M27C512. To activate this mode, the 
programming equipment must force 11 .5V to 12.5V 
on address line A9 of the M27C512. Two identifier 
bytes may then be sequenced from the device 
outputs by toggling address line AO from V1L to VI H. 
All other address lines must be held at V1L during 
Electronic Signature mode. 

Byte 0 (AO=VIL) represents the manufacturer code 
and byte 1 (AO=VIH) the device identifier code. For 
the SGS-THOMSON M27C512, these two identi­
fier bytes are given here below, and can be read-out 
on outputs 00 to 07. 

ERASURE OPERATION {applies for UV EPROM) 

The erasure characteristics of the M27C512 is such 
that erasure begins when the cells are exposed to 
light ~ith wavelengths shorter than approximately 
4000 A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000 A range. 

.:::8/.::..9 ___________ ~ SGS·lHOMSON lo.""fl liJIJ©OO©rn~~©li'liiMI11!j©~ --------------
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ERASURE OPERATION (cont'd) 

Research shows that constant exposure to room 
level fluorescent lighting could erase a typical 
M27C512 in about 3 years, while it would take 
approximately 1 week to cause erasure when ex­
posed to direct sunlight. If the M27C512 is to be 
exposed to these types of lighting conditions for 
extended periods of time, it is suggested that 
opaque labels be put over the M27C512 window to 
prevent unintentional erasure. The recommended 

ORDERING INFORMATION 

M27C512 

erasure procedure for the M27C512 is exposure to 
short wave ultraviolet light which has wavelength 
2537 A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm2. The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultravi­
olet lamp with 12000 f.LW/cm2 power rating. The 
M27C512 should be placed within 2.5 em (1 inch) 
of the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which should be re­
moved before erasure. 

Example: M27C512 -80 X F L 

T I T 
Speed II Vee Tolerance II Package I I Temperature Range II Option 

-80 80 ns X ±5% F FDIP28W 0 to 70 oc L Low Power 

-90 90 ns blank ±10% B PDIP28 3 -40 to 125 oc X Additional 

-10 100 ns c PLCC32 6 -40 to 85 oc Burn-in 

-12 120 ns N PTS028 
TR Tape & Reel 

-15 150 ns 8 x 13.4mm 

-20 200 ns 

-25 250 ns 

For a list of available options of Speed, Vee Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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M27V512 

LOW VOLTAGE CMOS 512K (64K x 8) OTP ROM 

• LOW VOLTAGE READ OPERATION 
- Vee Range: 3V to 5.5V (TA= 0 to 70°C) 
- Vee Range: 3.2V to 5.5V (T A= -40 to 85°C) 

• ACCESS TIME: 200 and 250ns 
• LOW POWER "CMOS" CONSUMPTION: 

- Active Current 1 OmA 

- Standby Current 1 011A 
• SMALL PACKAGES FOR SURFACE MOUNT­

ING: 
- Plastic: PLCC32 
- Plastic: PTS028, 

thin small outline 8 x 13.4mm 
• PROGRAMMING VOLTAGE: 12.75V 
• PROGRAMMING TIMES OF AROUND 6sec. 

(PRESTO liB ALGORITHM) 
• M27V512 IS PROGRAMMABLE AS M27C512 

WITH IDENTICAL SIGNATURE 

DESCRIPTION 

The M27V512 is a low voltage, low power 512K 
One Time Programmable ROM ideally suited for 
applications where fast turn-around and pattern 
experimentation are important requirements. Its is 
organized as 524,288 by 8 bits. 

The M27V512 operates in the read mode with a 
supply voltage as low as 3V (3.2V between -40 to 
85°C). The decrease in operating power allows 
either a reduction of the size of the battery or an 
increase in the time between battery recharges. 

Table 1. Signal Names 

AD -A15 Address Inputs 

Q0-07 Data Outputs 

E Chip Enable 

-
GVpp Output Enable I Program Supply 

Vee Supply Voltage 

Vss Ground 

May 1992 

PLCC32 (K) PTS028 (N) 
8 x 13.4mm 

Figure 1. Logic Diagram 

Vee 

16 8 

AO-A15 00-07 

M27V512 

E 

GVpp 

Vss 
VA00732 

1/9 
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M27V512 

Figure 2A. LCC Pin Connections Figure 28. TSOP Pin Connections 

"' ., u '" "' Q_ 
~- :;: :;: :J u :;: :;: C'J "' ~: n Q_ 
<( 0 > n '" U) "' " :;: :;: w m ~> 

<( <( <( <( <( <( ><( <( <( <( I'-' 

A6 AS 

A5 A9 7 1 28 22 

A4 411 

A3 NC 

A2 9 GVpp M27V512 

A1 ~.10 

AO E 

NC 07 

00 05 

N 0 0 N rc n '""' ~ blw ~ 
N :J n '" "' 

<( <( <( 0 0 0 UlO 00 
(/) > 

0 0 'f} 0 0 0 0 
> 

VAG'J733 VA00734 

Warning: NC ~ No Connect1on, DU ~ Don't Use. 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 0 to 70 oc 
grade 6 -40 to 85 

TstAs Temperature Under Btas -50 to 125 oc 

TsTG Storage Temperature -65 to 150 oc 

Vto Input or Output Voltages -0.6 to 7 v 

Vee Supply Voltage -0.6 to 7 v 

VAg A9 Voltage -0.6to 13.5 v 

Vrr Program Supply Voltage -0.6to 14 v 

Note: Except for the rat1ng "Operatmg Temperature Range" stresses above those lrsted m the Table "Absolute Maxrmum Ratings" may cause 
permanent damage to the dev1ce These are stress rat1ngs only and operat1on of the dev1ce at these or any other conditions above those 
md1cated 1n the Operat1ng sections of th1s spec1f1cat1on 1s not Implied Exposure to Absolute Max1mum Rating condit1ons for extended penods 
may affect dev1ce reliability. Refer also to the SGS-THOMSON SURE Program and other relevant qual1ty documents 

DESCRIPTION (cont'd) 

The M27V512 can also be operated as a standard 
512 EPROM (similar to M27C512) with a 5V power 
supply. 

For equipment requiring a surface monted, low 
profile package, theM27V512 is offered in Plastic 
Leaded Chip Carrier and Plastic Thin Small Outline 
packages. 

DEVICE OPERATION 

The modes of operations of the M27V512 are listed 
in the Operating Modes table. A single 5V power 
supply is required in the read mode. All inputs are 
TTL levels except for GVpp and 12V on A9 for 
Electronic Signature. 

Read Mode 

The M27V512 has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 

2/9 ~ SGS·THOMSON li.'YI liilD©'ll!il~1.~@1i'OO@[~j@@ ----------------~ 
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DEVICE OPERATION (Cont'd) 

control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen­
dent of device selection. Assuming that the ad­
dresses are stable, the address access time (tAvov) 
is equal to the delay from E to output (tELov). Data 
is available at the ~tput after a dela_y of tGLOV from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 

Standby Mode 

The M27V512 has a standby mode which reduces 
the active current from 1 OmA to 1 D!lA with low 
voltage operation Vee.,; 3.2V (30m A to 1 OO!lA with 
a supply of 5.5V), see Read Mode DC Character­
istics Table for details. The M27V512 is placed in 
the standby mode by applying a CMOS high signal 
to the E input. When in the standby mode, the 
output~ are in a high impedance state, independent 
of the GVpp input. 

Two Line Output Control 

Because OTP ROMs are often used in larger mem­
ory arrays, the product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

Table 3. Operating Modes 

Mode E 
Read VJL 

Output Disable VJL 

Program V1L Pulse 

Program Inhibit VJH 

Standby VJH 

Electronic Signature VJL 

Notes: X= v,H or ViL, v,o = 12V ± 0.5V 

Table 4. Electronic Signature 

Identifier AD Q7 Q6 Q5 

Manufacturer's Code VJL 0 0 1 

Device Code V1H 0 0 1 

M27V512 

For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem­
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 

System Considerations 

The power switching characteristics of Advanced 
CMOS OTP ROMs require careful decoupling of 
the devices. The supply current, Icc, has three 
segments that are of interest to the system de­
signer: the standby current level, the active current 
level, and transient current peaks that are pro­
duced by the falling and rising edges of E. The 
magnitude of the transient current peaks is de­
pendent on the capacitive and inductive loading of 
the device at the output. The associated transient 
voltage peaks can be suppressed by complying 
with the two line output control and by properly 
selected decoupling capacitors. It is recom­
mended that a 111F ceramic capacitor be used on 
every device between Vee and Vss. This should be 
a high frequency capacitor of low inherent induct­
ance and should be placed as close to the device 
as possible. In addition, a 4.71-lF bulk electrolytic 
capacitor should be used between Vee and Vss for 
every eight devices. The bulk capacitor should be 
located near the power supplyconnection 
point. The purpose of the bulk capacitor is to over­
come the voltage drop caused by the inductive 
effects of PCB traces. 

-
GVpp A9 QO-Q7 

VJL X Data Out 

VJH X Hi-Z 

Vpp X Data In 

Vpp X Hi-Z 

X X Hi-Z 

VJL V1o Codes 

Q4 Q3 Q2 Q1 QO Hex Data 

0 0 0 0 0 20h 

1 1 1 0 1 3Dh 

---------------------------~~~~@~~l~~~------------------------~3~/9 
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M27V512 

AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 

Input Rise and Fall Times :;:: 20ns 

Input Pulse Voltages 0.4 to 2.4V 

Input and Output Timing Ref. Voltages 0.8 to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V ----v=====v 2. ov 

~O.SV 
0.4V 

DEVICE 
UNDER 
TEST 

uv 

VAOOB26 
CL mcludes JIG copoci\ance 

Table 5. Capacitance (TA = 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition Min Max 

C1N Input Capacitance V1N = ov 6 

GouT Output Capacitance VouT = OV 12 

Note: Th1s parameter IS sampled only and not tested 1 00%. 

Table 6. Read Mode DC Characteristics (1l 
(TA = 0 to 70 oc; Vee= 3V to 5.5V unless specified; Vpp =Vee) 
(TA = -40 to 85 oc; Vee= 3.2V to 5.5V unless specified; Vpp = Vee) 

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current ov:s:v1N :s: Vee ±10 

ILO Output Leakage Current OV :S: VouT :S: Vee ±10 

Icc Supply Current 
E = V1L, G = V1L, I= 5MHz, Vee :S: 3.2V 10 

E = V1L, G = V1L, I= 5MHz, Vee= 5.5V 30 

lcc1 
Supply Current (Standby) -
TTL E=VIH 1 

lcc2 
Supply Current (Standby) E >Vee- 0.2V, Vee:;:: 3.2V 10 
CMOS 

E >Vee- 0.2V, Vee= 5.5V 100 

lpp Program Current Vpp =Vee 10 

v1L Input Low Voltage -Q.3 0.8 

OUT 

VA00828 

Unit 

pF 

pF 

Unit 

f.! A 

f.! A 

mA 

mA 

mA 

f.! A 

f.! A 

f.! A 

v 

v1H Input High Voltage 2 Vee+ 1 v 

VoL Output Low Voltage loL = 2.1mA 0.4 v 

VoH 
Output High Voltage TTL loH = -400f.!A 2.4 v 

Output High Voltage CMOS loH = -100f.lA Vcc-0.7V v 

Note: 1. Vee must be applied simultaneously w1th or before Vpp and removed simultaneously or after VPP 
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Table 7. Read Mode AC Characteristics <1l 
(TA = 0 to 70 ac; Vee= 3V to 5.5V unless specified; Vpp =Vee) 
(TA = -40 to 85 ac; Vee= 3.2V to 5.5V unless specified; Vpp = Vee) 

M27V512 

Symbol All Parameter Test Condition -200 

Min Max 

IAvav lAce Address Valid to Output Valid E = VrL, G = VrL 200 

IELQV IcE Chip Enable Low to Output Valid G=VrL 200 

IGLQV loE Output Enable Low to Output Valid E = VrL 70 

tEHOZ (2) toF Chip Enable High to Output Hi-Z G=VrL 0 60 

tGHQZ (2) loF Output Enable High to Output Hi-Z E = VrL 0 60 

Address Transition to - -
tAXQX loH Output Transition E = VrL, G = VrL 0 

Notes: 1. Vee must be applied srmultaneously wrth or before Vee and removed simultaneously or after Vee. 
2. Thrs parameter is sampled only and not 1 DO% tested. 

Figure 5. Read Mode AC Waveforms 

AO-A15 ==t== VALID 

tAVQV _. tAXQX 
'I 

E 
~ l f tGLQV - ~tEHoz-

l 
- \ELQV _. 1-tcHoz--. 

00-07 DATA OUT 

-250 

Min 

0 

0 

0 

Hi-Z 

I 

VA00735 

M27V512 

Unit 

Max 

250 ns 

250 ns 

100 ns 

60 ns 

60 ns 

ns 

----------------------------~~~~©~~~~~©~--------------------------5~/~9 
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M27V512 

Table 8. Programming Mode DC Characteristics (1) 

(TA = 25 °C; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol Parameter Test Condition 

lu Input Leakage Current V1L,; V1N ,; V1H 

Icc Supply Current 

lpp Program Current E = v,L 

V1L Input Low Voltage 

v,H Input High Voltage 

VoL Output Low Voltage loL = 2.1mA 

VoH Output High Voltage TTL loH = -400!lA 

v,o A9 Voltage 

Table 9. MARGIN MODE AC Characteristics (1) 
(TA = 25 °C; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol All Parameter 

lA9HVPH tAS9 VA9 High to Vpp High 

IVPHEL tvPs Vpp High to Chip Enable Low 

IAtOHEH lAStO VA10 High to Chip Enable High (Set) 

IAt OLEH IAsto VA10 Low to Chip Enable H1gh (Reset) 

tEXA1DX tAH10 Chip Enable Transition to VA10 Transition 

IEXVPX tv PH Chip Enable Transition to Vpp Transition 

tvPXA9X IAH9 Vpp Transition to VA9 Transition 

Table 10. Programming Mode AC Characteristics (1) 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol All Parameter 

lA VEL lAS Address Valid to Chip Enable Low 

tovEL los Input Valid to Chip Enable Low 

lvCHEL tvcs Vee High to Chip Enable Low 

lvPHEL toES Vpp High to Chip Enable Low 

tvPLVPH IPRT Vpp R1se Time 

IELEH tpw Chip Enable Program Pulse W1dth (lnit1al) 

tEHQX toH Ch1p Enable High to Input Transition 

IEHVPX IOEH Chip Enable High to Vpp Transition 

IVPLEL tvR Vpp Low to Chip Enable Low 

tELQV tov Chip Enable Low to Output Valid 

tEHQZ (2) toFP Chip Enable H1gh to Output Hi-Z 

tEHAX tAH Chip Enable H1gh to Address Transition 

Min 

-0.3 

2 

2.4 

11.5 

Test Condition 

Test Condition 

Notes: 1 Vee must be applied Simultaneously w1th or before VPP and removed simultaneously or after Vpp. 
2 This parameter IS sampled only and not 100% tested. 

Max Unit 

±10 11A 

50 rnA 

50 rnA 

0.8 v 

Vee+ 0.5 v 

0.4 v 

v 

12.5 v 

Min Max Unit 

2 !lS 

2 !lS 

1 !lS 

1 !lS 

1 !lS 

2 !lS 

2 !lS 

Min Max Units 

2 flS 

2 flS 

0 !lS 

2 !lS 

50 ns 

95 105 !lS 

2 !lS 

2 !lS 

2 !lS 

1 flS 

0 130 ns 

0 ns 

~6/~9___________________________ ~ ~~~@~~~~p©~ ------------------------------
100 



M27V512 

Figure 6. MARGIN MODE AC Waveforms 

A8 

A9 

tA9HVPH I. - tVPXA9X 

GVpp 
I tVPHEL - tEXVPX ~ 

1 
tA10HEH 

A1 0 Set 

A10 Rese t 

tA10LEH 
VA00736 

Figure 7. Programming and Verify Modes AC Waveforms 

AO-A15 

-+---*- tEHAX 

Q0-07 DATA OUT 

Vee -+--+- tELQV 

-o;--t- tEHVPX 

GVpp 

E 

' 
----- PROGRAM ----------- VERIFY --------..; 

VA00737 
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M27V512 

Figure 8. Programming Flowchart 

Vee = 6.25V, Vpp = 12. 75V 

SET MARGIN MODE 

RESET MARGIN MODE 
Vee = 5V, Vpp = 5V, Check all bytes 

VA0073B 

Programming 

The M27V512 has been designed to be fully com­
patible with the M27C512. As a result the M27V512 
can be programmed as the M27C512 on the same 
programmers applying 12.75V on Vpp and 6.25:V 
on Vee. The M27V512 has the same electromc 
signature and uses the same PRESTO liB algo­
rithm. 

When delivered, all bits of the M27V512 are in the 
"1" state. Data is introduced by selectively pro­
gramming "Os" into the desired bit locations. Al­
though only "Os" will be programmed, both "1 s" and 
"Os" can be present in the data word. The _M27~512 
is in the programming mode when Vpp rnput 1s at 
12.75V and E is at TTL-low. The data to be pro­
grammed is applied 8 bits in parallel to the data 
output pins. The levels required for the address 
and data inputs are TTL. Vee is specified to be 
6.25V ± 0.25V. 

The M27V512 uses the PRESTO liB Program­
ming Algorithm that drastically reduces the pro­
gramming time (typically less than 6 seconds). 
Nevertheless to achieve compatibility with all pro­
gramming equipments, PRESTO Programming Al­
gorithm can be used as well. 

PRESTO liB Programming Algorithm 

PRESTO liB Programming Algorithm allows the 
whole array to be programmed y.'ith a guara~teed 
margin, in around 6 seconds. Th1s can be ach1eved 
with SGS-THOMSON M27V512 due to several 
design innovations to improve progr~mming_ e~i­
ciency and to provide adequate marg1n for reliabil­
ity. Before starting the programming the internal 
MARGIN MODE circuit is set in order to guarantee 
that each cell is programmed with enough margin. 
Then a sequence of 1 OO(ls program pulses are 
applied to each byte until a correct verify occurs. 
No overprogram pulses are applied since the verify 
in MARGIN MODE provides the necessary margin. 

Program Inhibit 

Programming of multiple M27V512s in parallel with 
different data is also easily accomplished. Except 
for E, all like inputs including GVpp of the parallel 
M27V512 may be comJ!lon. A TTL low level pulse 
applied to a M27V512's E input, w~th Vpp at :!_2:15V, 
will program that M27V512. A h1gh level E Input 
inhibits the other M27V512s from being pro­
grammed. 

Program Verify 

A verify (read) should be performed on the pro­
grammed bits to determine that they were corr~tly 
programmed. The verify is accomplished with G at 
V1L. Data should be verified with tELQV after the 
falling edge of E. 
Electronic Signature 

The Electronic Signature mode allows the readin_g 
out of a binary code from an EPROM that w1ll 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C ±soc ambient 
temperature range that is required when program­
ming the M27V512. To activate this mode, the 
programming equipment must apply a Supply Volt­
age Vee of 5Vand force 11.5V to 12.5Von address 
line A9 of the M27V512. 

Two identifier bytes may then be sequenced from 
the device outputs by toggling address line AO from 
V1L to V1H. All other address lines must be held at 
V1L during Electronic Signature mode. Byte 0 
(AO=ViL) represents the manufacturer code and 
byte 1 (AO=VIH) the device identifier code. For the 
SGS-THOMSON M27V512, these two identifier 
bytes are given here below, and can be read-out 
on outputs QO to 07. 

Note that the M27V512 and the M27C512 have the 
same identifier bytes. 

:::!a,."-9 ____________ i:;i ~~©IHW;?~~~©~ --------------
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M27V512 

ORDERING INFORMATION 

Example: M27V512 -200 K 1 

Speed 

-200 200 ns K 

-250 250 ns N PTS028 6 -40 to 85 oc 
8 x 13.4mm 

For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

--------------~ ~i©lH~tf"~©~ -------------=9=19 

103 





M27C516 

CMOS 512K (32K x 16) UV EPROM and OTP ROM 

• FAST ACCESS TIME: 120ns 
• COMPATIBLE WITH HIGH SPEED MICRO­

PROCESSORS, ZERO WAIT STATE 

• LOW POWER "CMOS" CONSUMPTION: 
- Active Current 30mA 

- Standby Current 200)lA 
• PROGRAMMING VOLTAGE: 12.75V 

• ELECTRONIC SIGNATURE FOR AUTOMATED 
PROGRAMMING 

• PROGRAMMING TIMES OF AROUND 3sec. 
(PRESTO II ALGORITHM) 

DESCRIPTION 

The M27C516 is a high speed 512K bit UV eras­
able and electrically programmable EPROM ideally 
suited for applications where fast turn-around and 
pattern experimentation are important require­
ments. Its is organized as 32K by 16 bits. 

The 40 pin Window Ceramic Frit-Seal Dual-in-Line 
package has transparent lid which allows the user 
to expose the chip to ultraviolet light to erase the 
bit pattern. A new pattern can then be written to the 
device by following the programming procedure. 

For applications where the content is programmed 
only one time and erasure is not required, the 
M27C516 is offered in a Plastic Leaded Chip Car­
rier package. 

Table 1. Signal Names 

AD -Ai4 Address Inputs 

00- Qi5 Data Outputs 

E Chip Enable 

G Output Enable 

p Program Enable 

Vee Supply Voltage 

Vpp Program Supply 

Vss Ground 

May i992 

0 . 

FDIP40W (F) PLCC44 (C) 

Figure 1. Logic Diagram 

Vee Vpp 

15 16 

AO-A14 Q0-015 

M27C516 

Vss 
VA00932 

i/8 
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M27C516 

Figure 2A. DIP Pin Connections Figure 28. LCC Pin Connections 

Vpp Vee 
[ p-

015 NC 

014 NC "' 
.,. 

"' 
o_ u .,. 

0 0 0 
Q_() u () () ::;: IW > z > I"- z z 

013 A14 
~~~~ 

012 A13 

011 A12 

010 A11 

09 A10 

Q12 [ (j)44 p A13 

011 [ P A12 

Q10 [ P A11 

Q9 [ P A10 
QB A9 08 [ A9 

Vss Yss Vss [ 12 M27C516 34 Vss 
07 AB NC [ NC 

Q6 A7 07 [ AB 

Q5 A6 06 [ A7 

04 A5 05 [ A6 

03 A4 Q4 [ 
23 

A5 

02 A3 

Q1 A2 "' N 0 0 '"' 
u 0 ::;: N "' .,. 0 0 0 z « « « « 

00 A1 VA00934 

G AO 

VA00933 

Warning: NC =No Connection 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 0 to 70 oc 
TsiAS Temperature Under Bias -50 to 125 oc 
Tsm Storage Temperature -65 to 150 oc 
Vlo Input or Output Voltages -0.6 to 7 v 
Vee Supply Voltage -0.6 to 7 v 
VAs A9 Voltage -0.6 to 13.5 v 
Vpp Program Supply Voltage -0.6 to 14 v 

Note: Except for the rating ··operatmg Temperature Range"', stresses above those listed 1n the Table "Absolute Maximum Ratings" may cause 
permanent damage to the dev1ce. These are stress rat1ngs only and operat1on of the dev1ce at these or any other conditions above those 
indicated 1n the Operat1ng sections of th1s spec1f1cat1on IS not Implied. Exposure to Absolute Max1mum Rating cond1t1ons for extended penods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

DEVICE OPERATION 

The modes of operations of the M27C516 are listed 
in the Operating Modes table. A single 5V power 
supply is required in the read mode. All inputs are 
TTL levels except for G and 12V on A9 for Elec­
tronic Signature. 

Read Mode 

The M27C516 has two control functions, both of 
which must be logically active in Q_rder to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 

~2/~8__________________________ ~ ~~~@~~~~~~©~ -----------------------------
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DEVICE OPERATION (cont'd) 

be used to gate data to the output pins, indepen­
dent of device selection. Assuming that the ad­
dresses are stable, the adQ!"ess access time (tAvov) 
is equal to the delay from E to output (tELov). Data 
is available at the Q!Jtput after a dei<!Y of tGLOV from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 

Standby Mode 

The M27C516 has a standby mode which reduces 
the active current from 30mA to 200J.lA. The 
M27C516 is placed in the sta~by mode by apply­
ing a CMOS high signal to theE input. When in the 
standby mode, the outputs are in a high impedance 
state, independent of the G input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem­
ory arrays, the product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

for the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 

Table 3. Operating Modes 

Mode E G 

Read v,L V1L 

Output Disable v,L V1H 

Program V1L X 

Verify V1L V1L 

Program Inhibit v,H X 

Standby v,H X 

Electronic Signature v,L V1L 

Notes: X~ V1H or VIL. V1o ~ 12V ± 0.5V 

Table 4. Electronic Signature 

Identifier AO Q7 Q6 Q5 

Manufacturer's Code v,L 0 0 1 

Device Code v,H 0 0 0 

M27C516 

a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem­
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 

System Considerations 

The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg­
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks tb.at are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. The associated transient voltage peaks 
can be suppressed by complying with the two line 
output control and by properly selected decoupling 
capacitors. It is recommended that a 1 J.lF ceramic 
capacitor be used on every device between Vee 
and Vss. This should be a high frequency capacitor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 
4.7J.lF bulk electrolytic capacitor should be used 
between Vee and Vss for every eight devices. The 
bulk capacitor should be located near the power 
supplyconnection point.The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 

p A9 Vpp QO- 015 

V1H X Vee Data Out 

X X Vee Hi-Z 

V1L Pulse X Vpp Data In 

V1H X Vpp Data Out 

X X Vpp Hi-Z 

X X Vee Hi-Z 

V1H V1o Vee Codes 

Q4 Q3 Q2 Q1 QO Hex Data 

0 0 0 0 0 20h 

0 1 1 1 1 OFh 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 

Input Rise and Fall Times 

Input Pulse Voltages 

:5 20ns 

0.4V to 2.4V 

Input and Output Timing Ref. Voltages O.BV to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 

0.4V 

~2.0V 

~O.SV 

DEVICE 
UNDER 
TEST 

1.3V 

VA00826 
CL 1ncludes JIG capacitance 

Table 5. Capacitance (T A = 25 ac, f = 1 MHz ) 

Symbol Parameter Test Condition Min 

C1N Input Capacitance V1N = OV 

Cour Output Capacitance Vour= OV 

Notes. 1. Vee must be applied Simultaneously w1th or before Vpp and removed simultaneously with or after v ••. 
2. ThiS parameter IS sampled only and not tested 100%. 

Table 6. Read Mode DC Characteristics <1> 
(TA = 0 to 70 °C; Vee= SV ± 5%; Vpp =Vee) 

Symbol Parameter 

lu Input Leakage Current 

ILO Output Leakage Current 

Icc Supply Current 

lcct Supply Current (Standby) TTL 

lee2 Supply Current (Standby) CMOS 

lpp Program Current 

V1L Input Low Voltage 

Test Condition Min 

OV:5VIN:5Vcc 

OV5.Vour5.Vce 

E = V1L, G = VrL, I= 5MHz 

E=VrH 

E > Vee-0.2V 

Vpp =Vee 

-0.3 

Max 

6 

12 

Max 

±10 

±10 

30 

1 

200 

10 

0.8 

OUT 

VAOOBZB 

Unit 

pF 

pF 

Unit 

!!A 

!!A 

rnA 

rnA 

!!A 

!!A 

v 
V1H Input High Voltage 2 Vee+ 1 v 
VoL Output Low Voltage loL = 2.1mA 0.4 v 

VoH 
Output High Voltage TTL loH = -400I!A 2.4 v 
Output High Voltage CMOS loH=-1001lA Vee--G.?V v 

Notes: 1. Vee must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp • 

...;;.4,.;:_8 ____________ ;.w ~~tm¥~'~~~ -------------
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Table 7. Read Mode AC Characteristics <1> 
(TA = 0 to 70 °C; Vee= 5V ± 5%; Vpp =Vee) 

M27C516 

M27C516 

Symbol A It Parameter Test Condition -12 -15 -20 Unit 

Min Max Min Max Min Max 

tAVQV IACC Address Valid to Output Valid E = v,L, G = v,L 120 150 200 ns 

tELQV IcE Chip Enable Low to Output Valid G=ViL 120 150 200 ns 

tGLOV toE Output Enable Low to Output Valid E=VIL 50 60 70 ns 

tEHOZ(2) toF Chip Enable High to Output Hi·Z G=VIL 0 40 0 50 0 60 ns 

tGHQZ(2) toF Output Enable High to Output Hi·Z E=VIL 0 40 0 50 0 60 ns 

tAXQX toH Address Transition to -

Output Transition E = VIL, G = VIL 0 0 0 ns 

Noles. 1. Vc~ must be ap~lied simultaneously with or before VPP and removed simultaneously or after Vpp. 
2. Th1s parameter 1s sampled only and not 100% tested. 

Figure 5. Read Mode AC Waveforms 

AO-A14 

00-015 

Programming 
When delivered (and after each erasure for UV 
EPROM), all bits of the M27C516 are in the "1" 
state. Data is introduced by selectively program· 
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1s" and "Os" 
can be present in the data word. The only way to 
change a "0" to a "1" is by die exposure to ultraviolet 

tAXOX -tool---*-

HI-Z 

VA00935 

light (UV EPROM). The M27C516 is in -the pro· 
g_ramn.:!.[ng mode when Vpp input is at 12. 75V and 
E and Pare at TTL-low. The data to be programmed 
is applied 16 bits in parallel to the data output pins. 
The levels required for the address and data inputs 
are TTL. Vee is specified to be 6.25V ±0.25V. 

------------- i..W ~~~@~~q~ ___________ ___.:5::,:::18 
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Table 8. Programming Mode DC Characteristics <1> 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol Parameter Test Condition 

lu Input Leakage Current V1L::; V1N ::; v1H 

Icc Supply Current 

lpp Program Current E=VIL 

V1L Input Low Voltage 

Min Max 

±10 

50 

50 

-Q.3 0.8 

VIH Input High Voltage 2 Vee +0.5 

VoL Output Low Voltage loL =2.1mA 

VoH Output High Voltage TTL loH =-400f.LA 2.4 

V1o A9 Voltage 11.5 

Note: 1. Vee must be appl1ed simultaneously w1th or before Vpp and removed Simultaneously or after Vpp. 

Table 9. Programming Mode AC Characteristics <1> 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol All Parameter Test Condition 

tAVPL lAS Address Valid to Program Low 

tavPL los Input Valid to Program Low 

lVPHPL tvps Vpp High to Program Low 

IVCHPL tvcs Vee H1gh to Program Low 

IELPL icES 
Chip Enable Low to 
Program Low 

IPLPH lpw Program Pulse Width 

lPHOX loH 
Program High to Input 
Transition 

IQXGL ICES 
Input Transition to Output 
Enable Low 

IGLQV toE 
Output Enable Low to 
Output Valid 

IGHOZ (2) lDFP Output Enable High to 
Output Hi-Z 

IGHAX IAH Output Enable High to 
Address Transition 

Min 

2 

2 

2 

2 

2 

95 

2 

2 

0 

0 

Notes: 1. Vee must be applied Simultaneously w1th or before VPP and removed simultaneously or after Vpp. 
2 This parameter is sampled only and not 100% tested 

0.4 

12.5 

Max 

105 

100 

130 

Unit 

f.LA 

rnA 

mA 

v 

v 

v 

v 

v 

Unit 

f.LS 

f.LS 

f.LS 

f.LS 

f1S 

f.LS 

f.LS 

f.LS 

ns 

ns 

f.LS 

.:::.6/.::..8 ____________ i.V ~~i;m=~~~©~ ____________ _ 
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Figure 6. Programming and Verify Modes AC Waveforms 

AD-A14 VALID 

tAVPL~ 

00-015 DATA IN DATA OUT 

~tQVPL-. tPHQX 

Vpp 
___. tGLQV ~ 

tVPHPL ~ tGHQZ 

Vee 
tVCHPL ~ tGHAX 

~tELPL-. 

~ 
r---- tQXGL ~ 

' ----
tPLPH ~ 

' 

j.--- PROGRAM----.:.-- VERIFY -----+: 

Figure 7. Programming Flowchart 

Vee = 6.25V, Vpp = 12.5V 

Vee = 5V. Vpp = 5V 
Check all Words 

VA00707 

VA00936 

PRESTO II Programming Algorithm 

PRESTO II Programming Algorithm allows to pro­
gram the whole array with a guaranteed margin, in 
around 3 seconds. Programming with PRESTO II 
involves the application of a sequence of 1 OO(ls 
program pulses to each byte until a correct verify 
occurs. During programming and verify operation, 
a MARGIN MODE circuit is automatically activated 
in order to guarantee that each cell is programmed 
with enough margin. No overprogram pulse is 
applied since the verify in MARGIN MODE provides 
necessary margin to each programmed cell. 

Program Inhibit 

Programming of multiple M27C516s in parallel with 
diffe.!_ent data is also easily acco[!!plished. Except 
for E, all like inputs including G of the parallel 
M27C516 may be coml!!..on. A TTL IQ...W level pulse 
applied to a M27C516's E input, with Plow and Vpp 
at 12.75V, will program that M27C516. A high level 
E input inhibits the other M27C516s from being 
programmed. 

Program Verify 

A verify (read) should be performed on the pro­
grammed bits to determine that they were correct]y 
prog@mmed . .Jhe verify is accomplished with E 
and Gat V1L, Pat V1H. Vpp at 12.75V and Vee at 
6.25V. 

-------------~ ~ii@ltl~~~~lj --------------'7=/B 
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Electronic Signature 
The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C ±soc ambient 
temperature range that is required when program­
ming the M27C516. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line A9 of the M27C516. 

Two identifier bytes may then be sequenced from 
the device outputs by toggling address line AO from 
V1L to V1H. All other address lines must be held at 
V1L during Electronic Signature mode. Byte 0 
(AO=ViL) represents the manufacturer code and 
byte 1 (AO=ViH) the device identifier code. For the 
SGS-THOMSON M27C516, these two identifier 
bytes are given here below, and can be read-out 
on outputs 00 to 07. 

ORDERING INFORMATION 

ERASURE OPERATION (applies for UV 
EPROM) 

The erasure characteristics of the M27C516 is 
such that erasure begins when the cells are ex­
posed to light with wavelengths shorter than ap­
proximately 4000 A. It should be noted that 
sunlight and some type of fluorE!scent lamps have 
wavelengths in the 3000-4000 A range. Research 
shows that constant exposure to room level fluo­
rescent lighting could erase a typical M27C516 in 
about 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct 
sunlight. If the M27C516 is to be exposed to these 
types of lighting conditions for extended periods of 
time, it is suggested that opaque labels be put over 
the M27C516 window to prevent unintentional era­
sure. The recommended erasure procedure for the 
M27C516 is exposure to shortwave ultraviolet light 
which has wavelength 2537 A. The integrated dose 
(i.e. UV intensity x exposure time) for erasure 
should be a minimum of 15 W-sec/cm2. The era­
sure time with this dosage is approximately 15 to 
20 minutes using an ultraviolet lamp with 12000 
f-LW/cm2 power rating. The M27C516 should be 
placed within 2.5 em (1 inch) of the lamp tubes 
during the erasure. Some lamps have a filter on 
their tubes which should be removed before era­
sure. 

Example: M27C516 -12 X F L 

Speed Package Option 

-12 120 ns X ±5% F FDIP40W L Low Power 

-15 150 ns c PLCC44 X Additional 

-20 200 ns 
Burn-in 

TR Tape & Reel 

For a list of available options of Speed, Vee Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

818 ~ SGS·THOMSON -------------- lo.""fl [ijijUIQ:OOm~rn!Q:VIi!l©i!UIQ:~ --------------
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CMOS 1 Megabit (128K x 8) UV EPROM and OTP ROM 

• VERY FAST ACCESS TIME: 80ns 

• COMPATIBLE WITH HIGH SPEED MICRO­
PROCESSORS, ZERO WAIT STATE 

• LOW POWER "CMOS" CONSUMPTION: 
- Active Current 30mA 

- Standby Current 1 OOi.!A 
• PROGRAMMING VOLTAGE: 12.75V 

• ELECTRONIC SIGNATURE FOR AUTOMATED 
PROGRAMMING 

• PROGRAMMING TIMES OF AROUND 
12sec.(PRESTO II ALGORITHM) 

DESCRIPTION 

The M27C1 000 is a high speed 1 Megabit UV 
erasable and electrically programmable memory 
EPROM ideally suited for microprocessor systems 
requiring large programs. It is organized as 
131,072 by 8 bits. 

The 32 pin Window Ceramic Frit-Seal Dual-in-Line 
package has transparent lid which allows the user 
to expose the chip to ultraviolet light to erase the 
bit pattern. A new pattern can then be written to the 
device by following the programming procedure. 

For applications where the content is programmed 
only one time and erasure is not required, the 
M27C1 000 is offered in Plastic Dual-in-Line pack­
age. 

Table 1. Signal Names 

AO-A16 Address Inputs 

Q0-07 Data Outputs 

E Chip Enable 

G Output Enable 

p Program 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

May1992 

~ 
3l~t~~ 

FDIP32W (F) 

Figure 1. Logic Diagram 

AO-A16 

p 

E 

G 

Vee Vpp 

17 

M27e1 000 

Vss 

PDIP32 (B) 

8 

QO-Q7 

VA00837 

1/8 
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Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature: grade 1 Oto70 oc 

TsiAS Temperature Under B1as -50 to 125 oc 

TsrG Storage Temperature -65to 150 oc 

Vlo Input or Output Voltages -o.6 to 7 v 

Vee Supply Voltage -o.6to7 v 

VAs A9Voltage -o.6 to 13.5 v 
Vpp Program Supply Voltage -Q.6 to 14 v 

Note: Except for the rat1ng "Operating Temperature Range", stresses above those l1sted in the Table "Absolute Maximum Rat1ngs" may cause 
permanent damage to the device These are stress ratings only and operabon of the dev1ce at these or any other conditions above those 
10d1cated '"the Operating sections of th1s specification is not implied Exposure to Absolute Maximum Rating cond1bons for extended penods 
may affect device reliability. Refer also to the SGS·THOMSON SURE Program and other relevant quality documents. 

Figure 2. DIP Pin Connections 

Vpp Vee 
G p 

A15 NC 
A12 A14 
A7 A13 
A6 A8 
AS A9 
A4 A11 
A3 A16 
A2 A10 
A1 E 
AO 07 
QO 06 
01 05 
02 04 

Vss 03 
VA00838 

Warning: NC =No Connection. 

DEVICE OPERATION 

The modes of operation of the M27C1 000 are listed 
in the Operating Modes table. A single 5V power 
supply is required in the read mode. All inputs are 
TTL levels except for Vpp and 12V on A9 for Elec­
tronic Signature. 

Read Mode 

The M27C1 000 has two control functions, both of 
which must be logically active in _Qrder to obtain 
data at the outputs.Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen­
dent of device selection. Assuming that the ad­
dresses are stable, the adQ!"ess access time (tAvav) 
is equal to the delay from E to output (tELav). Data 
is available at the Q!Jtput after a del~ of tGLOV from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 

Standby Mode 

The M27C1 000 has a standby mode which re­
duces the active current from 30mA to 100JlA (or 
35mA to 200JlA, see Read Mode DC Characteris­
tics Table for details). The M27C1 000 is placed in 
the staQ9by mode by applying a CMOS high signal 
to the E input. When in the standby mode, the 
output~ are in a high impedance state, independent 
of the G input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem­
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

.Ear the most efficient use of these two control lines, 
E should be decoded and used as the primary 

~2'-=-s------------I..V ~~IH¥1l~q~ -------------
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DEVICE OPERATION (cont'd) 

device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem­
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 

System Considerations 

The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg­
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks that are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. 

The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac­
itors. It is recommended that a 1 JlF ceramic capac­
itor be used on every device between Vee and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7J1F bulk 
electrolytic capacitor should be used between Vee 
and Vss for every eight devices. The bulk capacitor 
should be located near the power supply connec­
tion point. The purpose of the bulk capacitor is to 

Table 3. Operating Modes 

Mode E G 

Read v,L v,L 

Output Disable v,L v,H 

Program ViL v,H 

Verify V1L V1L 

Program Inhibit V1H X 

Standby v,H X 

Electronic Signature V1L V1L 

Notes: X= v,H or VIL, v,o = 12V ± 0.5V. 

Table 4. Electronic Signature 

Identifier AO 07 06 as 
Manufacturer's Code V1L 0 0 1 

Device Code v,H 0 0 0 

M27C10\. 

overcome the voltage drop caused by the inductive 
effects of PCB traces. 

Programming 

When delivered (and after each erasure for UV 
EPROM), all bits of the M27C1 000 are in the "1" 
state. Data is introduced by selectively program­
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1 s" and "Os" 
can be present in the data word. The only way to 
change a "0" to a "1" is by die exposition to ultravi­
olet light (UV EPROM). The M27C1 000 is in the 
prog@mmin_g mode when Vpp input is at 12.75V, 
and E and P are at TTL-low. The data to be pro­
grammed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and 
data inputs are TTL. Vee is specified to be 6.25V ± 
0.25V. 

PRESTO II Programming Algorithm 

PRESTO II Programming Algorithm allows the 
whole array to be programmed, with a guaranteed 
margin, in around 12 seconds. Programming with 
PRESTO II involves in applying a sequence of 
1 OOJlS program pulses to each byte until a correct 
verify occurs. During programming and verify op­
eration, a MARGIN MODE circuit is automatically 
activated in order to guarantee that each cell is 
programmed with enough margin. No overpro­
gram pulse is applied since the verify in MARGIN 
MODE provides necessary margin to each pro­
grammed cell. 

p A9 Vpp Q0-07 

X X Vee Data Out 

X X Vee Hi-Z 

V1L Pulse X Vpp Data In 

V1H X Vpp Data Out 

X X Vrr Hi-Z 

X X Vee Hi-Z 

V1H V1o Vee Codes 

04 03 02 01 ao Hex Data 

0 0 0 0 0 20h 

0 0 1 0 1 05h 

----------------------------- ~~~~@~~~&~~--------------------------3~/8 
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing Ref. Voltages 

~ 20ns 

0.4 to 2.4V 

0.8 to 2.0V 

Note that Output Hi-Z is defined as the point where data 
1s no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 
~2.0V 

~O.SV 
0.4V 

VA00826 

Figure 4. AC Testing Load Circuit 

1.3V 

~ 
1N914 

3.3KO 

DEVICE 
_r. 

UNDER ..J.. 
~ OUT 

TEST CL=100pF 

T 
CL mcludes JIG copac1tance 

VA00828 

Table 5. Capacitance (T A = 25 oc, f = 1 MHz ) 

Symbol Parameter Test Condition Min 

CIN Input Capacitance VIN = ov 
CouT Output Capacitance VouT = OV 

Note: This parameter is sampled only and not tested 1 00%. 

Table 6. Read Mode DC Characteristics (t) 
(TA = 0 to 70 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current OV $ V1N $Vee 

ILO Output Leakage Current OV s VouTS Vee 

lee12l Supply Current E = V1L, G = V1L, f = 5MHz 

lcc1 Supply Current (Standby) TTL E=VIH 

lcc213l Supply Current (Standby) CMOS E > Vce-0.2V 

lpp Program Current Vpp =Vee 

V1L Input Low Voltage -0.3 

V1H Input H1gh Voltage 2 

VoL Output Low Voltage loL = 2.1mA 

VoH 
Output High Voltage TTL loH = -400f!A 2.4 

Output High Voltage CMOS loH =-100f!A Vec-0.7V 

Notes: 1. Vee must be applied simultaneously With or before Vee and removed Simultaneously or after Vee. 
2 For Speeds -80, -1 0 only. For other types the maximum Icc is 35mA. 
3. For Speeds -80, -10 only. For other types the maximum lcc2 is 200J1A. 

Max Unit 

6 pF 

12 pF 

Max Unit 

±10 f!A 

±10 f!A 

30 mA 

1 mA 

100 f!A 

10 f!A 

0.8 v 
Vee+ 1 v 

0.4 v 
v 
v 
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Table 7A. Read Mode AC Characteristics <1> 
(TA = 0 to 70 °C; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

M27C1000 
Symbol All Parameter Test Condition -80 -10 

Min Max Min Max 

IAVQV lAce Address Valid to Output Valid E = VIL, G = VIL 80 100 

IELQV IcE Chip Enable Low to Output Valid G =VIL 80 100 

tGLQV toE Output Enable Low to Output Valid E=VIL 40 50 

tEHQZ (2) I oF Chip Enable High to Output Hi-Z G =VIL 0 30 0 30 

tGHOZ (2) I oF Output Enable High to Output Hi-Z E=VIL 0 30 0 30 

lAX OX loH Address Transition to E = VIL, G = VIL 0 0 Output Transition 

Table 78. Read Mode AC Characteristics <1> 
(TA = 0 to 70 oc; Vee= 5V ± 5% or 5V ± 1 0%; Vpp =Vee) 

M27C1000 
Symbol All Parameter Test Condition -15 -20 

Min Max Min Max 

IAVQV lAce Address Valid to Output Valid E = VIL, G = VJL 150 200 

IELQV IcE Chip Enable Low to Output Valid G=VIL 150 200 

IGLOV toE Output Enable Low to Output Valid E = V1L 65 70 

IEHOZ (2) IDF Ch1p Enable High to Output Hi-Z G=VIL 0 50 0 60 

IGHQZ(2) I oF Output Enable High to Output Hi-Z E = VIL 0 50 0 60 

Address Transition to - -
IAXQX loH Output Transillon E = V1L, G = V1L 0 0 

Notes: 1. Vee must be applied Simultaneously w1th or before Vpp and removed simultaneously or after VPP 

2. ThiS parameter IS sampled only and not 1 00"/o tested. 

Figure 5. Read Mode AC Waveforms 

AO-A16 ==x VALID 

~ tAVQV---+ tAX OX 'I 
~I l 

I tGLQV - I.- \EHQZ __., 

\ l 

-12 

Min Max 

120 

120 

60 

0 40 

0 40 

0 

-25 

Min Max 

250 

250 

100 

0 60 

0 60 

0 

~ tELQV---+ j.-- \GHQZ~ 
Hi-Z 

QD-07 DATA OUT II 

VA00713 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 
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Table 8. Programming Mode DC Characteristics (1l 
(TA = 25 ac; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol Parameter Test Condition 

lu Input Leakage Current V1L oS V1N oS V1H 

Icc Supply Current 
-

lpp Program Current E = V1L 

v,L Input Low Voltage 

v,H Input High Voltage 

VoL Output Low Voltage loL = 2.1mA 

VoH Output High Voltage TTL loH =-400!1A 

V1o A9 Voltage 

Min Max 

±10 

50 

50 

-0.3 0.8 

2 Vee+ 0.5 

04 

24 

11 5 12.5 

Note: 1 Vee must be applied Simultaneously w1th or before VPP and removed Simultaneously or after Vpp. 

Table 9. Programming Mode AC Characteristics (1) 

(TA = 25 oc; Vee = 6.25V ± 0.25V; Vpp = 12. 75V ± 0.25V) 

Symbol All Parameter Test Condition 

lAVPL lAs Address Valid to Program Low 

lQVPL los Input Valid to Program Low 

tvPHPL lvps Vpp High to Program Low 

tveHPL tves Vee H1gh to Program Low 

lELPL leES 
Ch1p Enable Low to 
Program Low 

tPLPH lpw Program Pulse W1dth 

tPHOX loH 
Program H1gh to Input 
Trans1t1on 

toxGL loES 
Input Trans1t1on to Output 
Enable Low 

tGLOV toE 
Output Enable Low to 
Output Valid 

tGHOZ (2) toFP 
Output Enable H1gh to 
Output Hi-Z 

tGHAX tAH 
Output Enable High to 
Address Transition 

Min 

2 

2 

2 

2 

2 

95 

2 

2 

0 

0 

Notes: 1 Vee must be applied Simultaneously w1th or before Vpp and removed Simultaneously or after Vpp 
2. ThiS parameter IS sampled only and not 100% tested. 

Max 

105 

100 

130 

Unit 

!JA 

rnA 

rnA 

v 

v 

v 

v 

v 

Unit 

~IS 

ps 

!JS 

ps 

!JS 

ps 

!JS 

ps 

ns 

ns 

ns 

::.e;c::sc__ _____________ ~ ~~~;m~~~R~ ---------------
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Figure 6. Programming and Verify Modes AC Waveforms 

AO-A16 VALID 

00-07 

4:\AVPL+j 
DATA IN 

Vpp 
I 

• ' 
Vee I 

tGHAX 'I I' 

~PROGRAM---~ 'IERIFY __ .., 

Figure 7. Programming Flowchart 

Vee = 6.25V, \/pp = 12 5V 

Vee = 5V. Vpp = 5V 

Check all Bytes 
VA00715 

VA00714 

Program Inhibit 

Programming of multiple M27C1000s 1n parallel 
with differe!J! data is also easily accof_!!PI!shed. 
Except for E, all like inputs Including G of the 
parallel M27C1 000 may be common. A TTL low 
level pulse applied to a M27C1 000 E input, with P 
low and Vpp at 12.7!LV, w1ll program that 
M27C1 000. A high level E input inhibits the other 
M27C1 000 from being programmed. 

Program Verify 

A verify (read) should be performed on the pro­
grammed b1ts to determine that they were correct!Y 
prog!:§mmed.Jhe verify is accomplished with E 
and G at V!L. P at V!H, Vpp at 12.75V and Vee at 
6.25V. 

Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C ± soc ambient 
temperature range that is required when program­
ming the M27C1000. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line A9 of the M27C1000, with 

_____________ i5ii ~~~~m~~'~--------------'7=18 
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DEVICE OPERATION (cont'd) 

VPP=Vcc=5V. Two identifier bytes may then be 
sequenced from the device outputs by toggling 
address line AO from V1L to V1H. All other address 
lines must be held at V1L during Electronic Signa­
ture mode. 

Byte 0 (AO=VIL) represents the manufacturer code 
and byte 1 (AO=ViH) the device identifier code. For 
the SGS-THOMSON M27C1 000, these two identi­
fier bytes are given here below, and can be read­
out on outputs 00 to 07. 

ERASURE OPERATION (applies to UV EPROM) 

The erasure characteristics of the M27C 1 000 is 
such that erasure begins when the cells are ex­
posed to light wit~ wavelengths shorter than ap­
proximately 4000 A. It should be noted that sunlight 
and some type of fluoresce11t lamps have wave­
lengths in the 3000-4000 A range. Research 

ORDERING INFORMATION 

shows that constant exposure to room level fluo­
rescent lighting could erase a typical M27C1 000 in 
about 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct 
sunlight. If the M27C1 000 is to be exposed to these 
types of lighting conditions for extended periods of 
time, it is suggested that opaque labels be put over 
the M27C1000 window to prevent unintentional 
erasure. The recommended erasure procedure for 
the M27C 1 000 is exposure to short wavfjl ultraviolet 
light which has a wavelength of 2537 A. The inte­
grated dose (i.e. UV intensity x exposure time) for 
erasure should be a minimum of 15 W-sec/cm 2. 

The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000 uW/cm2 power rating. The M27C1 000 
should be placed within 2.5 em (1 inch) of the lamp 
tubes during the erasure. Some lamps have a filter 
on their tubes which should be removed before 
erasure. 

Example: M27C1 000 -80 X F 1 

Speed Package 

-80 80 ns X ±5% F FDIP32W 

-10 100 ns blank ±10% B PDIP32 

-12 120 ns 

-15 150 ns 

-20 200 ns 

-25 250 ns 

For a list of available options of Speed, Vee Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

8/8 ~ SGS-lliOMSON ::::.::: _____________ t>.""f/1 ~~D©J:J©~~m©uiiJ@:Rq©@ --------------
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CMOS 1 Megabit (128K x 8) UV EPROM and OTP ROM 

• VERY FAST ACCESS TIME: SOns 

• COMPATIBLE WITH HIGH SPEED MICRO­
PROCESSORS, ZERO WAIT STATE 

• LOW POWER "CMOS" CONSUMPTION: 

- Active Current 30mA 

- Standby Current 1 OOJ.!A 

• PROGRAMMING VOLTAGE: 12.75V 

• ELECTRONIC SIGNATURE FOR AUTOMATED 
PROGRAMMING 

• PROGRAMMING TIMES OF AROUND 12sec. 
(PRESTO II ALGORITHM) 

DESCRIPTION 

The M27C1 001 is a high speed 1 Megabit UV 
erasable and electrically programmable memory 
EPROM ideally suited for microprocessor systems 
requiring large programs. It is organized as 
131,072 by 8 bits. 

The 32 pin Window Ceramic Frit-Seal Dual-in-Line 
and Leadless Chip Carrier packages have trans­
parent lids which allow the user to expose the chip 
to ultraviolet light to erase the bit pattern. A new 
pattern can then be written to the device by follow­
ing the programming procedure. 

For applications where the content is programmed 
only one time and erasure is not required, the 
M27C1 001 is offered in both Plastic Dual-in-Line 
and Plastic Leaded Chip Carrier packages. 

Table 1. Signal Names 

AO-A16 Address Inputs 

Q0-07 Data Outputs 

E Chip Enable 
-
G Output Enable 

p Program 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

February 1992 

FDIP32W (F) LCCC32W (L} 

~~~ !~~mw~ ~ 

PDIP32 (B) PLCC32 (C) 

Figure 1. Logic Diagram 

Vee Vpp 

Vss 
VA00710 

1/8 
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Figure 2A. DIP Pin Connections 

Vpp 

A16 

A15 

A12 

r 1 
[ 2 
[ 3 

[ L 

[ 5 
[ 6 

7 

8 

\7 32 

31 

30 

29 

28 

27 

26 

25 

A7 

A6 

AS 

A4 
A3 

A2 

Al 

AO 

00 
01 

02 

g M27C1 001 24 

10 23 

11 22 

12 21 

13 20 
14 19 p 
15 18 h 

Vss 16 17 

VA00711 

Warning: NC = No Conneetton. 

Vee 
p 
NC 

A14 

A13 

A8 

A9 

A11 

G 
A10 

r 
07 

06 

Q5 

04 

03 

Table 2. Absolute Maximum Ratings 

Symbol Parameter 

TA Ambtent Operattng Temperature: 

TetAS Temperature Under Btas 

TsTG Storage Temperature 

Vto Input or Output Voltages 

Vee Supply Voltage 

VAg A9 Voltage 

Vpp Program Supply Voltage 

Figure 28. LCC Pin Connections 

N "' "' 
[l_ u 
[l_ u u :;;: :;;: :;;: > > I D._ z 

A7 A14 

A6 A13 

AS AB 

A4 A9 

A3 A11 

A2 G 

A1 A10 

AO r 
00 07 

N "1 '" "' <D 
0 (j) 

0 (j) 0 0 0 0 
> VA00712 

Warning: NC =No Connection. 

Value Unit 

grade 1 Oto 70 
grade 3 -40 to 125 oc 
grade 6 -40 to 85 

-50 to 125 oc 
-65 to 150 oc 

--{).610 7 v 
--{).6to 7 v 
--{).6 to 13.5 v 

-0.6 to 14 v 
Note: Except for the ratmg "Operat1ng Temperature Range". stresses above those hsted tn the Table "Absolute Max1mum Ratings" may cause 
permanent damage to the dev1ce These are stress rat1ngs only and operatton of the dev1ce at these or any other condittons above those 
1nd1cated m the Operatmg sect1ons of th1s spec1f1cat1on IS not tmphed Exposure to Absolute Maxtmum Rattng condtttons for extended penods 
may affect dev1ce rehabil1ty Refer also to the SGS-THOMSON SURE Program and other relevant qual tty documents 

DEVICE OPERATION 

The modes of operation of the M27C1 001 are listed 
in the Operating Modes table. A single 5V power 
supply is required in the read mode. All inputs are 
TIL levels except for Vrr and 12V on A9 for Elec­
tronic Signature. 

Read Mode 

The M27C1 001 has two control functions, both of 
which must be logically active in Q_rder to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 

Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen-

. dent of device selection. Assuming that the ad­
dresses are stable, the adQ!'ess access time (tAvov) 
is equal to the delay from E to output (tELov). Data 
is available at the Q!Jtput after a delqy of tGLov from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 

Standby Mode 

The M27C1 001 has a standby mode which re­
duces the active current from 30m A to 1 OOJlA (or 

~2/~8~------------------------- ~~~~@~~~~~~~~ ------------------------------
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DEVICE OPERATION (cont'd) 

35mA to 200f..IA, see Read Mode DC <?haracteri~­
tics Table for details). The M27C1 001 1s placed m 
the standby mode by applying a CMOS high signal 
to the E input. When in the standby mode, the 
outputs are in a high impedance state, independent 
of the G input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem­
ory arrays, this product features a 2 line con_trol 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ hne from the system 
control bus. This ensures that all deselected mem­
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 

System Considerations 

The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg­
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks that are produced by 

Table 3 Operating Modes 

Mode E G 

Read VIL VIL 

Output D1sable V1L V1H 

Program V1L V1H 

Verify VIL VIL 

Program lnh1b1t V!H X 

Standby V1H X 

Electronic Signature V1L V1L 

Notes· X = v,H or v,L. VIO = 12V ± 0 5V 

Table 4 Electronic Signature 

Identifier AO 07 06 05 

Manufacturer's Code V1L 0 0 1 

Device Code V1H 0 0 0 

M27C1001 

the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. 

The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupli~g capac­
itors. It is recommended that a 1 f..IF ceram1c capac­
itor be used on every device between Vee and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7f..!F bulk 
electrolytic capacitor should be used between Vee 
and Vss for every eight devices. The bulk capacitor 
should be located near the power supply connec­
tion point. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 

Programming 

When delivered (and after each erasure for UV 
EPROM), all bits of the M27C1 001 are in the "1" 
state. Data is introduced by selectively program­
ming "Os" into the des1red bit locations. Although 
only "Os" will be programmed, both "1 s" and "Os" 
can be present in the data word. The only way I? 
change a "0" to a "1" is by die exposition to ultravi­
olet light (UV EPROM). The M27C1 001 is in the 
programmif}fJ mode when Vpp input is at 12.75V, 
and E and P are at TIL-low. The data to be pro­
grammed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and 
data inputs are TIL. Vee is specified to be 6.25V ± 
0.25V. 

p A9 Vpp 00-07 

X X Vee Data Out 

X X Vee Hi-Z 

V1L Pulse X Vpp Data In 

V1H X Vpp Data Out 

X X Vpp H1-Z 

X X Vee Hi-Z 

V1H V1o Vee Codes 

04 03 02 01 00 Hex Data 

0 0 0 0 0 20h. 

0 0 1 0 1 05h 

---------------------------~~~@~~~~~~-------------------------3--ffl 
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times s 20ns 

Input Pulse Voltages 0.4to 2.4V 

Input and Output Timing Ref. Voltages 0.8 to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2 4V 

0.4V 

~20V 

~O.BV 
VA00626 

Table 5. Capacitance (TA = 25 oc, f = 1 MHz) 

Symbol Parameter 

GiN Input Capacitance 

GouT Output Capacitance 

Note: This parameter IS sampled only and not tested 100% 

Table 6. Read Mode DC Characteristics <1> 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

1.3V 

CL Includes JIG capacitance 

Test Condition Min Max 

ViN = OV 6 

Vour= ov 12 

(TA = 0 to 70 ac, -40 to 85 ac or-40 to 125 ac; Vee =5V±5% or5V± 10%; Vpp =Vee) 

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current OV S V1N S Vee ±10 

lw Output Leakage Current OV s Vour s Vee ±10 

lcc(Zl 
-

Supply Current E = V1L, G = ViL, f = 5MHz 30 

lcc1 Supply Current (Standby) TTL E=ViH 1 

lccz(3) Supply Current (Standby) CMOS E > Vcc-0.2V 100 

lpp Program Current Vpp =Vee 10 

V1L Input Low Voltage -0.3 0.8 

OUT 

VA0082B 

Unit 

pF 

pF 

Unit 

!!A 

!!A 

mA 

mA 

!!A 

!!A 

v 

VIH Input High Voltage 2 Vee+ 1 v 
VoL Output Low Voltage loL = 2.1mA 

VoH 
Output High Voltage TTL loH =-400!!A 2.4 

Output High Voltage CMOS loH =-100!!A Vcc-O.?V 

Notes: 1. Vee must be applied Simultaneously w1th or before Vpp and removed simultaneously or after Vpp. 
2 For Speeds -80, -1 0 and Option "'L"' at 0 to 70 oc only For other types the max1mum Icc is 35mA 
3. For Speeds -80, -10 and Opt1on "'L"' at 0 to 70 oc only. For other types the max1mum lccz 1s 200~tA. 

0.4 v 
v 

v 

"""4'-=-8------------~ ~ii©mgm:~~a --------------
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Table 7A. Read Mode AC Characteristics <1l 
(TA = 0 to 70 oc, --40 to 85 oc or -40 to 125 oc; Vee = 5V ± 5% or 5V ± 1 0%; Vpp =Vee) 

M27C1001 

Symbol AI! Parameter Test Condition -80 -10 -12 

Min Max Min Max Min Max 

IAVQV lAce Address Valid to Output Valid E = v,L, G = v,L 80 100 120 

IELav IcE Chip Enable Low to Output Valid G =VIL 80 100 120 

IGLQV toE Output Enable Low to Output Valid E = V1L 40 50 60 

IEHQZ 12) !oF Chip Enable High to Output Hi-Z G =VIL 0 30 0 30 0 40 

IGHQZ (2) !oF Output Enable High to Output Hi-Z E = v,L 0 30 0 30 0 40 

Address T ransit1on to - -
lAXQX toH Output Trans1tion E = v,L, G = v,L 0 0 0 

Table 78. Read Mode AC Characteristics (l) 

(TA = 0 to 70 oc, --40 to 85 oc or -40 to 125 oc; Vee = 5V ± 5% or 5V ± 1 0%; Vpp =Vee) 

M27C1001 
Symbol A It Parameter Test Condition -15 -20 -25 

Min Max Min Max Min Max 

lAVQV lAce Address Valid to Output Valid E = v,L, G = v,L 150 

IELQV leE Chip Enable Low to Output Valid G = v,L 150 

lGLQV toE Output Enable Low to Output Valid E = V1L 65 

lEHQZ 12) toF Chip Enable H1gh to Output H1-Z G=VIL 0 50 0 

lGHQZ (2) !oF Output Enable High to Output Hi-Z E = v,L 0 50 0 

Address Transition to - -
lAXQX loH Output Transition E = v,L, G = v,L 0 0 

Notes: 1. Vee must be applied simultaneously w1th or before VeP and removed Simultaneously or after Vep. 
2 Th1s parameter is sampled only and not 100% tested. 

Figure 5. Read Mode AC Waveforms 

AO-A16 ~ VALID 

tAVQV-- tAXQX ~I 

E ------. 1 
,- \GLQV - 1.- \EHQZ --., 

1 
~ \ELQV-- ~- tGHQZ _. 

Q0-07 DATA OUT 

200 250 

200 250 

70 100 

60 0 60 

60 0 60 

0 

Hi-Z 

VA00713 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

------------------------------~ ~~~@~~~~~~ --------------------------~5/~8 
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Table 8. Programming Mode DC Characteristics (1) 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol Parameter Test Condition 

lu Input Leakage Current VrL ~ VrN ~ VrH 

Icc Supply Current 

lpp Program Current E = VrL 

VrL Input Low Voltage 

Min Max 

±10 

50 

50 

-0.3 0.8 

VrH Input High Voltage 2 Vee+ 0.5 

VoL Output Low Voltage loL = 2.1 rnA 

VoH Output High Voltage TIL loH = -400~A 2.4 

Vro A9 Voltage 11.5 

Note: 1. Vee must be applied simultaneously with or before Vpp and removed srmultaneously or after Vpp. 

Table 9. Programming Mode AC Characteristics (1l 
(TA = 25 oc; Vee = 6.25V ± 0.25V; Vpp = 12. 75V ± 0.25V) 

Symbol AI! Parameter Test Condition 

IAVPL lAs Address Valid to Program Low 

tavPL los Input Valid to Program Low 

IVPHPL tvps Vpp Hrgh to Program Low 

IVCHPL tvcs Vee High to Program Low 

IELPL IcES 
Chip Enable Low to 
Program Low 

tPLPH lpw Program Pulse Width 

IPHQX loH 
Program High to Input 
Transition 

taxGL IOES 
Input Transition to Output 
Enable Low 

IGLOV toE 
Output Enable Low to 
Output Valid 

IGHQZ {2) loFP 
Output Enable High to 
Output Hr-Z 

IGHAX IAH 
Output Enable Hrgh to 
Address Transition 

Min 

2 

2 

2 

2 

2 

95 

2 

2 

0 

0 

Notes: 1. Vee must be applied simultaneously with or before VPP and removed simultaneously or after Vee. 

2. Thrs parameter rs sampled only and not 1 00% tested 

0.4 

12.5 

Max 

105 

100 

130 

Unit 

~A 

rnA 

rnA 

v 
v 
v 
v 
v 

Unit 

!lS 

~ 

!lS 

!!S 

!lS 

!!S 

JlS 

JlS 

ns 

ns 

ns 
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Figure 6. Programming and Verify Modes AC Waveforms 

A0-A16 ==¥ ~tAVPL_, VALID 

Q0-07 DATA IN DATA OUT 

~tQVPL_. tPHQX 

Vpp ---. tGLQV 1-
tVPHPL 1- tGHQZ I 

Vee 
tVCHPL 1--- tGHAX 

FtELPL ... 

~ 

, __ 
\QXGL 1---

---. tPLPH -
' 

!--PROGRAM-------- VERIFY _.i 

Figure 7. Programming Flowchart 

Vee = 6.25V, Vpp = 12.5V 

Vee = SV, Vpp = SV 

Check all Bytes 
VA00715 

VA00714 

PRESTO II Programming Algorithm 

PRESTO II Programming Algorithm allows the 
whole array to be programmed, with a guaranteed 
margin, in around 12 seconds. Programming with 
PRESTO II involves in applying a sequence of 
1 OO(.ls program pulses to each byte until a correct 
verify occurs. During programming and verify oper­
ation, a MARGIN MODE circuit is automatically 
activated in order to guarantee that each cell is 
programmed with enough margin. No overpro­
gram pulse is applied since the verify in MARGIN 
MODE provides necessary margin to each pro­
grammed cell. 

Program Inhibit 

Programming of multiple M27C1001s in parallel 
with differeQ! data is also easily acco~lished. 
Except for E, all like inputs including G of the 
parallel M27C1 001 may be common. A TTL low 
jgvel pulse applied to a M27C1001's E input, with 
P low and Vpp at 12.I_5V, will program that 
M27C1 001. A high level E input inhibits the other 
M27C1001s from being programmed. 

Program Verify 

A verify (read) should be performed on the pro­
grammed bits to determine that they were correctlY 
programmed. The verify is accomplished with E 
and Gat V1L, Pat V1H, Vpp at 12.75V and Vee at 
6.25V. 

_____________ i.V ~!i©mu:~~~ ---------------=7=18 
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Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C ± 5°C ambient 
te!flperature range that is required when program­
ming the M27C1 001. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line A9 of the M27C1 001, with 
Vpp=Vcc=5V. Two identifier bytes may then be 
sequenced from the device outputs by toggling 
address line AO from V1L to V1H. All other address 
lines must be held at V1L during Electronic Signa­
ture mode. 
Byte 0 (AO=VIL) represents the manufacturer code 
and byte 1 (AO=VIH) the device identifier code. For 
the SGS-THOMSON M27C1 001, these two identi­
fier bytes are given here below, and can be read­
out on outputs QO to 07. 

ERASURE OPERATION (applies to UV EPROM) 

The erasure characteristics of the M27C1001 is 
such that erasure begins when the cells are ex-

ORDERING INFORMATION 

pos~d to light wit~ wavelengths shorter than ap­
proximately 4000 A. It should be noted that sunlight 
and some type of fluorescent lamps have wave­
lengths in the 3000-4000 A range. Research 
shows that constant exposure to room level fluo­
rescent lighting could erase a typical M27C1 001 in 
about 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct 
sunlight. If the M27C1 001 is to be exposed to these 
types of lighting conditions for extended periods of 
time, it is suggested that opaque labels be put over 
the M27C1001 window to prevent unintentional 
erasure. The recommended erasure procedure for 
the M27C1 001 is exposure to short wave ultraviolet 
light which has a wavelength of 2537 A. The inte­
grated dose (i.e. UV intensity x exposure time) for 
erasure should be a minimum of 15 W-sec/cm2. 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000 uW/cm2 power rating. The M27C1 001 
should be. placed within 2.5 em (1 inch) of the lamp 
tubes dunng the erasure. Some lamps have a filter 
on their tubes which should be removed before 
erasure. 

Example: M27C1 001 -80 X F 1 L 

Speed Package Option 

-80 80 ns X ±5% F FDIP32W L Low Power 

-10 100 ns blank ±10% B PDIP32 3 -40 to 125 oc X Additional 

-12 120 ns c PLCC32 6 -40 to 85 oc Burn-in 

-15 150 ns L LCCC32W TR Tape & Reel 

-20 200 ns 

-25 250 ns 

For a list of. av~ilab!e options of Speed, Vee Tolerance, Package and Temperature Range refer to the 
Selector GUide 1n th1s Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. . 

"'81.::.8------------l:.fi ~~i@1H2~~~~~~ --------------
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CMOS 1 Megabit (64K x16) UV EPROM and OTP ROM 

• FAST ACCESS TIME: 120 ns 
• COMPATIBLE WITH HIGH SPEED MICRO­

PROCESSORS, ZERO WAIT STATE 
• LOW POWER "CMOS" CONSUMPTION: 

- Active Current 35 rnA 
- Standby Current 1 00 flA 

• PROGRAMMING VOLTAGE: 12.75V 
• ELECTRONIC SIGNATURE FOR AUTOMATED 

PROGRAMMING 
• PROGRAMMING TIME OF AROUND 6 sec. 

(PRESTO II ALGORITHM) 

DESCRIPTION 
The M27C1 024 is a 1 Megabit UV erasable and 
electrically programmable read only memory 
(EPROM). It is organized as 65,536 words by 16 
bits. 

The 40 pin Ceramic Frit Seal Window package has 
a transparent lid whide allows the user to expose 
the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written to the device by 
following the programming procedure. 

For application where the content is programmed 
only one time and erasure is not required, the 
M27C1 024 is offered in a Plastic Leaded Chip 
Carrier package. 

Table 1. Signal Names 

AO -A15 Address Inputs 

00-015 Data Outputs 

E Chip Enable 
-
G Output Enable 

p Program 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

May 1992 

FDIP40W (F) PLCC44 (C) 

Figure 1. Logic Diagram 

Vee Vpp 

I 
16 16 

AO-A15 Q0-015 

M27C1024 

Vss 
VA00702 

1/8 
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Figure 2A. DIP Pin Connections 

Vpp 

E 

015 

014 

013 

012 

011 

010 

09 

08 

Vss 
07 

06 

05 

04 

OJ 

02 

01 

00 

G 

\.../ 
1 40 

2 39 

3 38 

4 37 

5 36 

6 35 

7 34 

8 33 

9 32 

10 31 
11 M27C1 024 30 

12 29 

13 28 

14 27 

15 26 

16 25 

17 24 

18 23 

19 22 

20 21 

~ 
~ 
~ p 

VA00703 

Warning: NC =No Connection. 

Vee 
F' 
NC 

A15 

A14 

A13 

A12 

A11 

A10 

A9 

Vss 
AB 

A7 

A6 

AS 
A4 

A3 

A2 

A1 

AO 

Table 2. Absolute Maximum Ratings 

Symbol Parameter 

TA Ambient Operating Temperature: 

TBIAS Temperature Under Bias 

TsTG Storage Temperature 

v,o Input or Output Voltages 

Vee Supply Voltage 

VAg A9 Voltage 

Vpp Program Supply Voltage 

Figure 28. LCC Pin Connections 

"' .. "' 
a_ u 

~ ;": 
0 0 Q ]W 

a_u u u 
> z > fa_ z < < 

~~~~~ 

Q12 CD 44 A13 

011 A12 

010 A11 

09 A10 

08 A9 

Vss 12 M27C1024 34 Vss 
NC NC 

07 AB 

06 A7 

05 ~ A6 

04 [ 
23 D A5 

~~~~~~~~~~~ 

8~c;81'-'~ 0 - N "' .. < < < < < 

VA00704 

Warning: NC =No Connection. 

Value Unit 

grade 1 Oto 70 oc 
grade 6 -40 to 85 

-50 to 125 oc 
-65 to 150 •c 
-0.6to 7 v 

-o.6to 7 v 

-o.6to 13.5 v 

-0.6to 14 v 

Note: Except tor the rat1ng "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
1nd1cated 1n the Operat1ng sections of th1s specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect dev1ce reliability. Refer also to the SGS-THOMSON SURE Program and other relevant qualtty documents. 

DEVICE OPERATION 

The modes of operations of the M27C1 024 are 
listed in the Operating Modes table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL levels except for Vpp and 12V on 
A9 for Electronic Signature. 

Read Mode 

The M27C1 024 has two control functions, both of 
which must be logically active in Q.rder to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 

Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen­
dent of device selection. Assuming that the ad­
dresses are stable, the adQ[ess access time (tAvov) 
is equal to the delay from E to output (tELov). Data 
is available at the _gutput after a de.J?y of toE from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVOV-tGLQV. 

Standby Mode 

The M27C1 024 has a standby mode which re­
duces the active current from 35 rnA to 1 00 JlA. 

=.21.:::_8 ____________ ~ ~itn&~~lO!~~ -------------
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DEVICE OPERATION (cont'd) 

The M27C1 024 is placed in the standby mode by 
applying a TTL high signal to theE input. When in 
the standby mode, the outputs <!!_e in a high imped­
ance state, independent of the G input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem­
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

For the most efficient use of these two control lines, 
E should be decoded and us~ as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem­
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 

System Considerations 

The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg­
ments that are of interest to the system designer : 
the standby current level, the active current level, 
and transient current peaks that are produced by 

Table 3. Operating Modes 

Mode E G 

Read V1L V1L 

Output Disable V1L V1H 

Program VIL X 

Verify VIL VIL 

Program Inhibit VIH X 

Standby VIH X 

Electronic Signature V1L V1L 

Notes: X = v,H or v,L, VID = 12V ±0 5V 

Table 4. Electronic Signature 

Identifier AO Q7 06 as 
Manufacturer's Code V1L 0 0 1 

Device Code VIH 1 0 0 

M27C1024 

the falling and rising edges of E. The magnitude of 
transient current peaks is dependent on the capa­
citive and inductive loading of the device at the 
output. The associated transient voltage peaks 
can be suppressed by complying with the two line 
output control and by properly selected decoupling 
capacitors. It is recommended that a 1J.1F ceramic 
capacitor be used on every device between Vee 
and Vss. This should be a high frequency capacitor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 
4.7JlF bulk electrolytic capacitor should be used 
between Vee and Vss for every eight devices. The 
bulk capacitor should be located near the power 
supply connection point. The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 

Programming 

When delivered (and after each erasure for UV 
EPROM), all bits of the M27C1 024 are in the "1" 
state. Data is introduced by selectively program­
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1 s" and "Os" 
can be present in the data word. The only way to 
change a "0" to a "1" is by die exposure to ultraviolet 
light (UV EPROM). The M27C1024 is in the pro­
g_rammiQ.g mode when Vpp input is at 12.75V, and 
E and P are at TTL-low. The data to be pro­
grammed is applied, 16 bits in parallel, to the data 
output pins. The levels required for the address 
and data inputs are TTL. Vee is specified to be 
6.25V ± 0.25V. 

p A9 Vpp Q0-015 

V1H X Vee Data Output 

X X Vee Hi-Z 

V1L Pulse X Vpp Data Input 

VIH X Vpp Data Output 

X X Vpp HI-Z 

X X Vee H1-Z 

V1H V1o Vee Codes 

Q4 Q3 02 01 QO Hex Data 

0 0 0 0 0 20h 

0 1 1 0 0 8Ch 

______________ ~ ~~~©m=:~~~~ _____________ 3=-'-=-8 
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times $ 20ns 

Input Pulse Voltages 0.4V to 2.4V 

Input and Output Timing Ref. Voltages O.BV to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 

0.4V 

~20V 

~0.8V 
VA00826 

Table 5. Capacitance (TA = 25 oc, f = 1 MHz) 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

1.3V 

CL mcludes JIG capacitance 

Symbol Parameter Test Condition Min Max 

C1N Input Capacitance V1N = OV 6 

CouT Output Capacitance VouT = OV 12 

Note: Th1s parameter 1s sampled only and not tested 100% 

Figure 5. Read Mode AC Waveforms 

tAXQX -+---to-

Hi-Z 
Q0-015 

VA00705 

OUT 

VA00828 

Unit 

pF 

pF 

~4/~8 __________________________ ~~i~©~~~~~~~~ ----------------------------
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Table 6. Read Mode DC Characteristics (1) 

(T A= 0 to 70 oc or -40 to 85 oc; Vee= 5V ± 5%; Vpp =Vee) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV ~ V1N ~Vee ±10 J.lA 

ILO Output Leakage Current OV ~ VouT ~Vee ±10 J.lA 

Icc Supply Current E = V1L. G = V1L, f = 5MHz 35 rnA 

lcc1 Supply Current (Standby) TTL E =VIH 1 rnA 

lcc2 Supply Current (Standby) CMOS E > Vcc-0.2V 100 J.lA 

lpp Program Current Vpp =Vee 100 J.LA 

v,L Input Low Voltage -0.3 0.8 v 

v,H Input High Voltage 2 Vee+ 1 v 

VoL Output Low Voltage loL= 2.1mA 

VoH 
Output High Voltage TTL loH = -400J.LA 2.4 

Output High Voltage CMOS loH = -1 OOJ.!A Vcc-0.7V 

Notes: 1. Vee must be applied simultaneously with or before Vee and removed Simultaneously With or after Vee 

Table 7A. Read Mode AC Characteristics (1> 

(T A= 0 to 70 ac or -40 to 85 ac; Vee= 5V ± 5%; Vpp =Vee) 

M27C1024 
Symbol Alt Parameter Test Condition -12 

Min Max Min 

tAVOV lAce Address Valid to Output Valid E = v,L, G = v,L 120 

IELOV IcE Chip Enable Low to Output Valid G=VIL 120 

IGLOV toE Output Enable Low to Output Valid E = V1L 60 

tEHOZ 121 toF Chip Enable High to Output Hi-Z G =VIL 0 40 0 

IGHOZ (2) I oF Output Enable High to Output Hi-Z E = V1L 0 40 0 

Address Transition to - -
tAXQX toH 

Output Transition 
E = v,L, G = v,L 0 0 

Table 78. Read Mode AC Characteristics (1) 
(TA = 0 to 70 ac or-40 to 85 ac; Vee= 5V ± 5% Vpp ~Vee) 

M27C1024 
Symbol A It Parameter Test Condition -20 

Min Max 

tAVQV lAce Address Valid to Output Valid E = v,L, G = v,L 200 

IELOV IcE Chip Enable Low to Output Valid G=VIL 200 

IGLQV toE Output Enable Low to Output Valid E = V1L 70 

IEHQZ 12) loF Chip Enable High to Output Hi-Z G =VIL 0 80 

IGHOZ (2) loF Output Enable High to Output Hi-Z E = V1L 0 80 

Address Transition to - -
lAX OX loH Output Transition E = v,L, G = v,L 0 

Notes: 1. Vee must be apphed simultaneously with or before VPP and removed stmultaneously with or after VPP 

2. Th1s parameter 1s sampled only and not 100% tested. 

Min 

0 

0 

0 

0.4 v 

v 

v 

-15 Unit 

Max 

150 ns 

150 ns 

60 ns 

50 ns 

50 ns 

ns 

-25 Unit 

Max 

250 ns 

250 ns 

100 ns 

60 ns 

60 ns 

ns 
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Table 8. Programming Mode DC Characteristics <1) 

(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol Parameter Test Condition 

lu Input Leakage Current 0 o> V1N o> VJH 

Icc Supply Current 

lpp Program Current E = v,L 

V1L Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage loL = 2.1mA 

VoH Output H1gh Voltage TTL loH = -400~A 

VJO A9 Voltage 

Min 

-0.3 

2 

2.4 

11.5 

Note: 1 Vee must be applied simultaneously w1th or before Vpp and removed simultaneously w1th or after Vpp. 

Table 9. Programming Mode AC Characteristics <1) 

(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol AI! Parameter 

IAVPL lAS Address Val1d to Program Low 

IQVPL los Input Valid to Program Low 

tvPHPL tvps Vpp H1gh to Program Low 

tvcHPL tvcs Vee High to Program Low 

tELPL IcEs Chip Enable Low to Program Low 

tPLPH lpw Program Pulse Width 

IPHQX loH Program High to Input Transition 

IQXGL loES 
Input Transition to Output Enable 
Low 

tGLQV toE Output Enable Low to Output Val1d 

tGHOZ (2) toFP Output Enable High to Output Hi-Z 

tGHAX tAH 
Output Enable High to Address 
Transition 

Test Condition Min 

2 

2 

2 

2 

2 

95 

2 

2 

0 

0 

Notes: 1. Vee must be applied Simultaneously Wilh or before VPP and removed simultaneously w1th or after Vee 
2. Th1s parameter is sampled only and not 100% tested 

Max Unit 

±10 ~A 

50 mA 

50 mA 

0.8 v 

Vee+ 0.5 v 

0.4 v 

v 

12.5 v 

Max Unit 

~s 

~s 

~s 

~s 

~s 

105 ~s 

~s 

~s 

100 ns 

130 ns 

ns 

~61~8-------------------------- ~ ~i~©~2~~9©~ -----------------------------
134 



M27C1024 

Figure 6. Programming and Verify Modes AC Waveforms 

---...:v AO-A15 _A 

~tAVPL_, 
Q0-015 DATA IN 

\OVPL -to 

l 
~ \VPHPL 1-

Vpp 

~ tVCHPL 1-
Vee 

~tELPL-to 
1\....__/ 

--to tPLPH 

VALID 

K DATA OUT I 

\PHQX I 
__.. tGLovj--

tGHQZ J 
I 

tGHAX4 

I . 

I ,__.. 
tQXGL 

1-

;._____PROGRAM------- VERIFY ___., 

Figure 7. Programming Flowchart 

6.25V, Vpp = 12.5V 

Vee = 5V. Vpp = 5V 
Check all Words 

VA00707 

VA00706 

PRESTO II Programming Algorithm 

PRESTO II Programming Algorithm allows pro­
gramming of the whole array with a guaranteed 
margin, in a typical time of less than 6 seconds. 
Programming with PRESTO II consists of applying 
a sequence of 1 00 ~s program pulses to each word 
until a correct verify occurs. During programming 
and verify operation. a MARGIN MODE circuit is 
automatically activated in order to guarantee that 
each cell is programmed with enough margin. No 
overprogram pulse is applied since the verify in 
MARGIN MODE provides necessary margin to 
each programmed cell. 

Program Inhibit 

Programming of multiple M27C1024s in parallel 
with differeiJ.! data is also easily accof!!Piished. 
Except for E, all like inputs including G of the 
parallel M27C1 024 may be common:_ A TTL low 
level pulse applied to a M27C1 024's E input, with 
P low and Vpp at 12.75V, will program that 
M27C1 024. A high level E input inhibits the other 
M27C1 024s from being programmed. 

Program Verify 

A verify (read) should be performed on the pro­
grammed bits to determine that they were correct!_y 
prog@mmed. _The verify is accomplished with E 
and G at V1L, P at V1H, Vpp at 12.75V and Vee at 
6.25V. 

---------------~~i~©~2~l~Y~~ ______________ ?_i_s 
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Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. this mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25'C ± s·c ambient 
temperature range that is required when program­
ming the M27C1 024. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line A9 of the M27C1 024 with Vpp = 
Vee = 5V. Two identifier bytes may then be se­
quenced from the device outputs by toggling. ad­
dress line AO from V1L to ViH· All other address lines 
must be held at V1L during Electronic Signature 
mode. Byte 0 (AO=ViL) represents the manufac­
turer code and byte 1 (AO=VIH) the device identifier 
code. For the SGS-THOMSON M27C1024, these 
two iden-tifier bytes are given here below, and can 
be read-out on outputs QO to 07. 

ERASURE OPERATION (applies to UV EPROM) 

The erasure characteristics of the M27C1 024 is 
such that erasure begins when the cells are ex-

ORDERING INFORMATION 

posed to light with wavelengths shorter than ap­
proximately 4000 A. It should be noted that sun­
light and some type of fluorel'cent lamps have 
wavelengths in the 3000-4000 A range. Research 
shows that constant exposure to room level fluo­
rescent lighting could erase a typical M27C1 024 in 
about 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct 
sunlight. If the M27C1024 is to be exposed to 
these types of lighting conditions for extended pe­
riods of time, it is suggested that opaque labels be 
put over the M27C1 024 window to prevent uninten­
tional erasure. The recommended erasure proce­
dure for the M27C1024 is exposure to shor! wave 
ultraviolet light which has wavelength 2537 A. The 
integrated dose (i.e. UV intensity x exposure time) 
for erasure should be a minimum of 15 W-sec/cm2• 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000 J.LW/cm2 power rating. The M27C1 024 
should be placed within 2.5 em (1 inch) of the lamp 
tubes during the erasure. Some lamps have a filter 
on their tubes which should be removed before 
erasure. 

Speed Vee Tolerance Package Option 

-12 120 ns X ±5% F FDIP40W L Low Power 

-15 150 ns blank ±10% c PLCC44 X Additional 

-20 200 ns 
Burn-in 

-25 250 ns TR Tape & Reel 

For a list of available options of Speed, Vee Tolerance, Package and ~emperat.ur~ Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be penod1cally up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

=8'~8 ____________ I..V ~~©mgm:~9~ -------------
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M27V101 
LOW VOLTAGE CMOS 

1 Megabit (128K x 8) UV EPROM and OTP ROM 

• LOW VOLTAGE READ OPERATION 

- Vee Range: 3V to 5.5V (TA= 0 to 70°C) 
- Vee Range: 3.2V to 5.5V (TA = -40 to 85°C) 

• ACCESS TIME: 200 and 250ns 
• LOW POWER "CMOS" CONSUMPTION: 

- Active Current 15mA 
- Standby Current 2011A 

• SMALL PACKAGES FOR SURFACE MOUNT­
ING: 
- Ceramic: LCCC32W, ultra-thin 2.8mm (max) 

height 
- Plastic: PLCC32 

• PROGRAMMING VOLTAGE: 12.75V 
• PROGRAMMING TIMES OF AROUND 12sec. 

(PRESTO II ALGORITHM) 

• M27V1 01 IS PROGRAMMABLE AS M27C1 001 
WITH IDENTICAL SIGNATURE 

DESCRIPTION 

The M27V1 01 is a low voltage, low power 1 Mega­
bit electrically programmable memory (EPROM), 
ideally suited for handheld and portable micropro­
cessor systems requiring large programs. It is or­
ganized as 131 ,072 by 8 bits. 

The M27V1 01 operates in the read mode with a 
supply voltage as low as 3V (3.2V between -40 to 
85°C). The decrease in operating power allows 
either a reduction of the size of the battery or an 
increase in the time between battery recharges. 

Table 1. Signal Names 

AO -A16 Address Inputs 

Q0-07 Data Outputs 

E Chip Enable 
-
G Output Enable 

p Program 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

May 1992 

ADVANCE DATA 

PLCC32 (K) LCCC32W (L) 

Figure 1. Logic Diagram 

Vee Vpp 

17 8 

AO-A16 00-07 

M27V101 

G 

VA00660 

1/8 

This IS advance tnformallon on a new product now m development or undergomg evaluation Deta1ls are subject to change w1thout not1ce 
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Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature: grade 1 0 to 70 oc 
grade 6 --40 to 85 

TsiAS Temperature Under Bias -50 to 125 'C 

TsTG Storage Temperature -65 to 150 'C 

v,o Input or Output Voltages -0.6 to 7 v 

Vee Supply Voltage -0.6 to 7 v 

VA9 A9 Voltage -0.6 to 13.5 v 

Vpp Program Supply Voltage -0.6 to 14 v 

Note: Except for the rating "Operating Temperature Range", stresses above those listed 1n the Table "Absolute Max1mum Ratings" may cause 
permanent damage to the dev1ce These are stress rat1ngs only and operation of the dev1ce at these or any other conditions above those 
indicated m the Operating sections of this specification is not 1m plied Exposure to Absolute Max1mum Rat1ng conditions for extended penods 
may affect dev1ce reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

Figure 2. LCC Pin Connections 

A7 

A6 

AS 

A4 

A2 
A1 

AO 

00 

Warning: NC ~No Connection 

DESCRIPTION (cont'd) 

A14 

A13 

AS 

Ag 

A11 

G 

A10 

E 
07 

VA00661 

The M27V1 01 can also be operated as a standard 
1 Megabit EPROM (similar to M27C1 001) with a 
5V power supply . 

The 32 pin Window, Lead less Chip Carrier package 
has a transparent lid which allows the user to 
expose the chip to ultraviolet light to erase the bit 
pattern. A new pattern can then be written to the 
device by following the programming procedure. 

For applications where the content is programmed 
only one time and erasure is not required, the 
M27V1 01 is offered in Plastic Leaded Chip Carrier 
package. 

DEVICE OPERATION 

The modes of operation of the M27V1 01 are listed 
in the Operating Modes table. A single power 
supply is required in the read mode. All inputs are 
TTL levels except for Vpp and 12V on A9 for Elec­
tronic Signature. 

Read Mode 

The M27V1 01 has two control functions, both of 
which must be logically active in Q_rder to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen­
dent of device selection. Assuming that the ad­
dresses are stable, the adQ!'ess access time (tAvov) 
is equal to the delay from E to output (tELov). Data 
is available at the Q!]tput after a dei'!Y of tGLOV from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLOV. 

Standby Mode 

The M27V1 01 has a standby mode which reduces 
the active current from 15mA to 20f!A with low 
voltage operation Vee :o; 3.2V (30m A to 1 OOf!A with 
a supply of 5.5V), see Read Mode DC Character­
istics Table for details. The M27V1 01 is placed in 
the staQ9by mode by applying a CMOS high signal 
to the E input. When in the standby mode, the 
output~ are in a high impedance state, independent 
of the G input. 

=2/.=8 ______________ ~~~~.;Pi~~~~~ ---------------
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DEVICE OPERATION (cont'd) 

Two Line Output Control 

Because EPROMs are usually used in larger mem­
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

For the most efficient use of these two control lines, 
E should be decoded and us~ as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem­
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 

System Considerations 

The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg­
ments that are of interest to the system designer: 
the standby current level, the active current level, 

Table 3. Operating Modes 

Mode E G 

Read V1L V1L 

Output Disable VIL VIH 

Program V1L V1H 

Verify V1L V1L 

Program Inhibit V1H X 

Standby V1H X 

Electronic Signature ViL V1L 

Notes. X~ v," or v", v,o ~ 12V ± 0.5V 

Table 4. Electronic Signature 

Identifier AO Q7 Q6 Q5 

Manufacturer's Code V1L 0 0 1 

Device Code V1H 0 0 0 

M27V101 

and transient current peaks tQ_at are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. 

The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac­
itors. It is recommended that a 11J.F ceramic capac­
itor be used on every device between Vee and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.71J.F bulk 
electrolytic capacitor should be used between Vee 
and Vss for every eight devices. The bulk capacitor 
should be located near the power supply connec­
tion point. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 

Programming 

The M27V101 has been designed to be fully com­
patible with the M27C1 001. As a result the 
M27V1 01 can be programmed as the M27C1 001 
on the same programmers applying 12.75Von Vpp 
and 6.25V on Vee. The M27V1 01 has the same 
electronic signature and uses the same PRESTO 
II algorithm . 

p A9 Vpp QO-Q7 

X X Vee Data Out 

X X Vee Hi-Z 

V1L Pulse X Vpp Data In 

VIH X Vpp Data Out 

X X Vpp Hi-Z 

X X Vee Hi-Z 

V1H V1o Vee Codes 

Q4 Q3 Q2 Q1 QO Hex Data 

0 0 0 0 0 20h 

0 0 1 0 1 05h 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output T1ming Ref. Voltages 

~ 20ns 

0.4 to 2.4V 

0.8 to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven 

Figure 3. AC Testing Input Output Waveforms 

2 4V 

0.4V 

~2.0V 

~O.SV 

DEVICE 
UNDER 
TEST 

1.3V 

VAOOB26 
CL 1ncludes JIG capacitance 

Table 5- Capacitance (TA = 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition Min Max 

C1N Input Capacitance V1N = OV 6 

GouT Output Capacitance VouT= OV 12 

Note: Th1s parameter 1s sampled only and not tested 1 00% 

Table 6. Read Mode DC Characteristics (t) 
(TA = 0 to 70 oc; Vee= 3V to 5.5V unless specified; Vpp = Vee) 
(TA = -40 to 85 oc; Vee= 3.2V to 5.5V unless specified; Vpp = Vee) 

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current OV :>YIN:> Vee ±10 

ILO Output Leakage Current OV :> VouT :>Vee ±10 

Icc Supply Current 
E = YIL, G = V1L, f = 5MHz, Vee:> 3.2V 15 

E = V1L, G = V1L, f = 5MHz, Vee = 5.5V 30 

lee1 
Supply Current (Standby) 

E=VIH 1 TTL 

lcc2 
Supply Current (Standby) E >Vee- 0.2V, Vee :> 3.2V 20 
CMOS 

E >Vee- 0.2V, Vee= 5.5V 100 

lpp Program Current Vpp =Vee 10 

v1L Input Low Voltage -0.3 0.8 

OUT 

VAOOB2B 

Unit 

pF 

pF 

Unit 

J.lA 

J.lA 

mA 

mA 

mA 

J.lA 

J.lA 

J.lA 

v 

Y1H Input High Voltage 2 Vee+ 1 v 

VoL Output Low Voltage loL = 2.1mA 0.4 v 

VoH 
Output H1gh Voltage TTL loH =-400J.!A 2.4 v 

Output H1gh Voltage CMOS loH=-100J.lA Vcc-0.7V v 

Note: 1. Vee must be applied simultaneously w1th or before Vpp and removed Simultaneously or after Vpp. 

_.:;.4,-=-8 ____________ ~ ~~@m~~~~~~-------------
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Table 7. Read Mode AC Characteristics <1l 
(TA = 0 to 70 °C; Vee= 3V to 5.5V unless specified; Vpp =Vee) 
(TA = -40 to 85 ac; Vee= 3.2V to 5.5V unless specified; Vpp = Vee) 

M27V101 

Symbol All Parameter Test Condition -200 -250 Unit 

Min Max Min Max 

IAVQV lAce Address Valid to Output Valid E = V1L, G = V1L 200 250 ns 

IELQV leE Chip Enable Low to Output Valid G=VIL 200 250 ns 

IGLQV toE Output Enable Low to Output Valid E=VIL 130 150 ns 

IEHQZ (2) toF Chip Enable High to Output Hi·Z G=VIL 0 80 0 80 ns 

IGHQZ(2) toF Output Enable High to Output Hi-Z E=VIL 0 80 0 80 ns 

Address Transition to - -
IAXQX toH Output Transition E = V1L, G = V1L 0 0 ns 

Notes: 1 Vee must be applied Simultaneously w1th or before VPP and removed simultaneously or after VPP. 

2. ThiS parameter IS sampled only and not 1 00% tested 

Figure 5. Read Mode AC Waveforms 

AO-A16 =1= VALID 

tAVQV-

E ~ r tGLQV -

f--- \ELQV --

QD-07 

DEVICE OPERATION (cont'd) 

When delivered (and after each erasure for UV 
EPROM), all bits of the M27V1 01 are in the "1" 
state. Data is introduced by selectively program­
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1 s" and "Os" 
can be present in the data word. The only way to 

tAX OX 
'I 
' 

1 
j._ tEHQZ _. 

1 
i- tGHQZ-. 

Hi-Z 
DATA OUT 

I 

VA00713 

change a "0" to a "1" is by die exposure to ultraviolet 
light (UV EPROM). The M27V1 01 is in the pro­
gramn.:!!ng mode when Vpp input is at 12.75V, and 
E and Pare at TTL-low. The data to be programmed 
is applied 8 bits in parallel to the data output pins. 
The levels required for the address and data inputs 
are TTL. Vee is specified to be 6.25V ± 0.25V. 

--------------/.V ~i~@l!i21~~~©~ -------------5"-'-18 
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Table 8. Programming Mode DC Characteristics <1> 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol Parameter Test Condition 

lu Input Leakage Current VrL 5 VrN 5 VrH 

Icc Supply Current 

lpp Program Current E = VrL 

VrL Input Low Voltage 

Min Max 

±10 

50 

50 

-0.3 0.8 

VrH Input High Voltage 2 Vee+ 0.5 

VoL Output Low Voltage loL= 2.1mA 

VoH Output High Voltage TIL loH = -400J.lA 2.4 

Vro A9 Voltage 11.5 

Note: 1. Vee must be applred simultaneously wrth or before Vee and removed srmultaneously or after Vee. 

Table 9. Programming Mode AC Characteristics <1> 
(TA = 25 °C; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol All Parameter Test Condition 

IAVPL lAS Address Valid to Program Low 

lovPL los Input Valid to Program Low 

tvPHPL tvps Vpp High to Program Low 

IVCHPL tvcs Vee High to Program Low 

tELPL IcEs 
Chip Enable Low to 
Program Low 

IPLPH lpw Program Pulse Wrdth 

tPHQX toH 
Program High to Input 
Transition 

loxGL toES 
Input Transition to Output 
Enable Low 

tGLQV toE 
Output Enable Low to 
Output Valid 

tGHQZ 121 toFP 
Output Enable High to 
Output Hi-Z 

tGHAX IAH 
Output Enable High to 
Address Transition 

Min 

2 

2 

2 

2 

2 

95 

2 

2 

0 

0 

Notes: 1 Vee must be apphed srmultaneously with or before Vee and removed simultaneously or after Vee. 
2 Thrs parameter rs sampled only and not 1 00% tested. 

0.4 

12.5 

Max 

105 

100 

130 

Unit 

!lA 
rnA 

mA 

v 
v 
v 
v 
v 

Unit 

J.lS 

J.lS 

J.lS 

J.lS 

J.lS 

J.lS 

J.lS 

J.lS 

ns 

ns 

ns 
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Figure 6. Programming and Verify Modes AC Waveforms 

~ AO-A16 ___A.. 

~tAVPL1 
00-07 DATA IN 

~\OVPL-> 
l =:! tVPHPL -Vpp 

l 
=:! tVCHPL -Vee 

FtELPL-> 

'----J 
-+ tPLPH 

VALID 

DATA OUT 

tPHQX 

-+ tGLOV 1-
tGHQZ 

tGHAX 

r- tQXGL ~ 

1- ' 

!-----PROGRAM---..;...-- VERIFY ------.j 

Figure 7. Programming Flowchart 

Vee = 6.25V, Vpp = 12.5V 

Vee = 5V. Vpp = 5V 

Check all Bytes 
VA00715 

VA00714 

PRESTO II Programming Algorithm 

PRESTO II Programming Algorithm allows the 
whole array to be programmed, with a guaranteed 
margin, in around 12 seconds. Programming with 
PRESTO II involves in applying a sequence of 
1 OOJ.!S program pulses to each byte until a correct 
verify occurs. During programming and verify oper­
ation, a MARGIN MODE circuit is automatically 
activated (n order to guarantee that each cell is 
programmed with enough margin. No overpro­
gram pulse is applied since the verify in MARGIN 
MODE provides necessary margin to each pro­
grammed cell. 

Program Inhibit 

Programming of multiple M27V1 01 sin parallel with 
diffe.!.ent data is also easily acCO!!!fJiished. Except 
for E, all like inputs including G of the parallel 
M27V1 01 may be coml1}9n. A TTL IQ_w level pulse 
applied to a M27V1 01 's E input, with Plow and Vpp 
.§!.t 12. 75V, will program that M27V1 01. A high level 
E input inhibits the other M27V1 01 s from being 
programmed. 

Program Verify 

A verify (read) should be performed on the pro­
grammed bits to determine that they were correct]y 
programmed. The verify is accomplished with E 
and G at V1L, P at V1H, Vpp at 12. 75V and Vee at 
6.25V. 

_____________ lifi ~~@m~~~~~ ____________ 7_18 
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Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
!dentify its manufacturer and type. This mode is 
mtended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C ±soc ambient 
te~perature range that is required when program­
mmg the M27V1 01. To activate this mode the 
programming equipment must force 11.5Vto 1'2.SV 
on address line A9 of the M27V1 01, with Vpp =Vee 
= 5V. Two identifier bytes may then be sequenced 
from the device outputs by toggling address line AO 
from V1L to V1H. All other address lines must be held 
at V1L during Electronic Signature mode. 

Byte 0 (AO=ViL) represents the manufacturer code 
and byte 1 (AO=VIH) the device identifier code. For 
the SGS-THOMSON M27V1 01 , these two identi­
fier bytes are given here below, and can be read­
out on outputs 00 to 07. Note that the M27V1 01 
and M27C1 001 have the same identifier bytes . 

ERASURE OPERATION (applies to UV EPROM) 

The erasure characteristics of the M27V1 01 is such 
that erasure begins when the cells are exposed to 

ORDERING INFORMATION 

light vyith wavelengths shorter than approximately 
4000A. It should be noted that sunlight and some 
type of fluo~escent lamps have wavelengths in the 
3000-4000A range. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M27V1 01 in about 3 years while it 
would take approximately 1 week to cause'erasure 
when exposed to direct sunlight. If the M27V1 01 is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque labels be put over the M27V1 01 window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M27V1 01 is exposure to 
short waye ultraviolet light which has a wavelength 
of 2537A. "!"he Integrated dose (i.e. UV intensity x 
exposure t1me) for erasure should be a minimum 
~f 15 W-s~c/cm2 . The erasure time with this dosage 
1s approximately 15 to 20 minutes using an ultravi­
olet lamp with 12000 uW/cm2 power rating. The 
M27V1 01 should be placed within 2.5 em (1 inch) 
of the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which 

Example: M27V1 01 -200 K 6 TR 

Speed Option 

-200 200 ns 0 to 70 °C TR Tape & Reel 

-250 250 ns L LCCC32W 6 -40 to 85 oc 

F9r a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
th1s Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

8/8 ~------------------------- ~~i~©~~~~~Y~---------------------------
144 



~ SGS·THOMSON 
~ ~ L [RIA]0©ffi3@~oJ~©'D'ffi3@~o©® M27C2001 

CMOS 2 Megabit (256K x 8) UV EPROM and OTP ROM 

• VERY FAST ACCESS TIME: SOns 
• COMPATIBLE WITH HIGH SPEED MICRO­

PROCESSORS, ZERO WAIT STATE 

• LOW POWER "CMOS" CONSUMPTION: 
- Active Current 30mA 

- Standby Current 1 OOf.lA 
• PROGRAMMING VOLTAGE: 12.75V 
• ELECTRONIC SIGNATURE FOR AUTOMATED 

PROGRAMMING 
• PROGRAMMING TIMES OF AROUND 24sec. 

(PRESTO II ALGORITHM) 

DESCRIPTION 

The M27C2001 is a high speed 2 Megabit UV 
erasable and programmable memory (EPROM) 
ideally suited for microprocessor systems requiring 
large programs. It is organised as 262.144 by 8 bits. 

The 32 pin Window Ceramic Frit-Seal Dual-in-Line 
and Leadless Chip Carner packages have trans­
parent lids which allow the user to expose the chip 
to ultraviolet light to erase the bit pattern. A new 
pattern can then be written to the device by follow­
ing the programming procedure. 

For applications where the content is programmed 
only one time anc;l erasure is not required, the 
M27C2001 is offered in both Plastic Dual-in-Line 
and Plastic Leaded Chip Carrier packages. 

Table 1. Signal Names 

AO-A17 Address Inputs 

Q0-07 Data Outputs 

E Chip Enable 

G Output Enable 

p Program 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

May 1992 

Figure 1. Logic Diagram 

Vee 
! 

8 

~ QG-07 

E ---c 

Vss 
VA00716 

1/8 
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Figure 2A. DIP Pin Connections 

Vpp 1 \.J 32 p Vee 
31 b p 
30 p A17 

A16 2 
A15 3 
A12 4 29 A14 

A7 5 
A6 6 

28 A13 
27 AS 

A5 
A4 
A3 
A2 
A1 
AD 
QO 
01 

02 
Vss 

7 26 
8 25 
9 M27C2001 24 

10 23 

11 22 
12 21 
13 20 
14 19 

15 18 
16 17 

VA00717 

A9 

All 
c 
A10 
r 
07 

06 
05 
04 
03 

Table 2. Absolute Maximum Ratings 

Symbol Parameter 

TA Ambient Operating Temperature: 

TsiAS Temperature Under Bias 

TsTG Storage Temperature 

Vlo Input or Output Voltages 

Vee Supply Voltage 

VN3 A9Voltage 

Vpp Program Supply Voltage 

Figure 28. LCC Pin Connections 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

AD 

QO 

grade 1 
grade 6 

Value 

Oto 70 
-40 to 85 

-50 to 125 

-65 to 150 

-0.6 to 7 

-0.6 to 7 

-o.6 to 13.5 

-o.6to 14 

A14 

A13 

AB 
A9 

A11 

G 

A10 

E 

07 

Unit 

oc 

oc 
oc 
v 
v 
v 
v 

Note: Except for the rating "Operating Temperature Range". stresses above those l1sted m the Table ''Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress rat1ngs only and operation of the dev1ce at these or any other conditions above those 
indicated m the Operating sect1ons of th1s speC1f1cat1on IS not implied Exposure to Absolute Max1mum Rat1ng conditions for extended periods 
may affect dev1ce rehab1hty Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 

DEVICE OPERATION 

The modes of operations of the M27C2001 are 
listed in the Operating Modes table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL levels except for Vpp and 12V on A9 
for Electronic Signature. 

Read Mode 

The M27C2001 has two control functions, both of 
which must be logically active in .Qrder to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 

Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen­
dent of device selection. Assuming that the ad­
dresses are stable, the adc![ess access time (tAvov) 
is equal to the delay from E to output (tELov). Data 
is available at the Q_utput after a del~ of tGLOV from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 

Standby Mode 

The M27C2001 has a standby mode which re­
duces the active current from 30mA to 1 OOJ.!A (or 

==2'..:::8 ____________ ~ ~~i©mgm:~~~ _____________ _ 
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DEVICE OPERATION (cont'd) 

35mA to 200J.LA, see Read Mode DC Characteris­
tics Table for details). The M27C2001 is placed in 
the stal}9by mode by applying a CMOS high signal 
to the E input. When in the standby mode, the 
outputs are in a high impedance state, independent 
of the G input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem­
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 
b. complete assurance that output bus contention 

will not occur. 

For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem­
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 

System Considerations 

The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg­
ments that are of interest to the system designer : 
the standby current level, the active current level, 
and transient current peaks that are produced by 

Table 3. Operating Modes 

Mode E G 

Read VIL V1L 

Output Disable V1L V1H 

Program VIL V1H 

Verify V1L V1L 

Program Inhibit V1H X 

Standby V1H X 

Electronic Signature VIL V1L 

Notes: X = V1H or V1L, V1o = 12V ± 0 5V 

Table 4. Electronic Signature 

Identifier AD Q7 as Q5 

Manufacturer's Code VIL 0 0 1 

Device Code VIH 0 1 1 

M27C2001 

the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device atthe 
output. 

The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac­
itors. It is recommended that a 1 J.tF ceramic capac­
itor be used on every device between Vee and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7J.lF bulk 
electrolytic capacitor should be used between Vee 
and Vss for every eight devices. The bulk capacitor 
should be located near the power supply connec­
tion point.The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 

Programming 

When delivered (and after each erasure for UV 
EPROM), all bits of the M27C2001 are in the "1" 
state. Data is introduced by selectively program­
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1 s" and "Os" 
can be present in the data word. The only way to 
change a "0" to a "1" is by die exposition to ultravi­
olet light (UV EPROM). The M27C2001 is in the 
prog@mmi~ mode when Vpp input is at 12.75V, 
and E and P are at TTL-low. The data to be pro­
grammed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and 
data inputs are TTL. Vee is specified to be 6.25V 
±0.25V. 

p A9 Vpp QO-Q7 

X X Vee Data Out 

X X Vee Hi-Z 

V1L Pulse X Vpp Data In 

V1H X Vpp Data Out 

X X Vpp Hi-Z 

X X Vee Hi-Z 

V1H V1o Vee Codes 

Q4 Q3 Q2 Q1 QO Hex Data 

0 0 0 0 0 20h 

0 0 0 0 1 61h 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 

Input R1se and Fall limes ,; 20ns 

Input Pulse Voltages 0.4V to 2.4V 

Input and Output liming Ref. Voltages 0.8V to 2.0V 

Note that Output H1-Z is def1ned as the point where data 
IS no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 

0.4V 

~20V 

~08V 

DEVICE 
UNDER 
TEST 

1.3V 

VA00826 
CL Includes JIG capac1tance 

Table 5. Capacitance (TA = 25 ac, f = 1 MHz) 

Symbol Parameter Test Condition Min Max 

C1N Input Capacitance V1N= OV 6 

Cour Output Capacitance Vour=OV 12 

Note: This parameter IS sampled only and not tested 1 00% 

Table 6. Read Mode DC Characteristics <1> 
(TA = 0 to 70 ac or -40 to 85 ac; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current OV,;VIN,;Vcc 

ILO Output Leakage Current OV,;Vour,;Vcc 

lee(21 Supply Current E = V1L, G = V1L, f = 5MHz 

lee1 Supply Current (Standby) TTL E=VIH 

lee2(31 Supply Current (Standby) CMOS E > Vee-0.2V 

lpp Program Current Vpp =Vee 

V1L Input Low Voltage -0.3 

V1H Input High Voltage 2 

VoL Output Low Voltage loL =2.1mA 

VoH 
Output H1gh Voltage TTL loH =-400jlA 2.4 

Output High Voltage CMOS loH =-100j.IA Vee-0.7V 

Notes: 1 Vee must be applied simultaneously w1th or before VPP and removed Simultaneously or after VPP 
2 For Speeds -80,-10,-12 and Option '"L'" at 0 to 70 oc only. For other types the max1mum Icc IS 35mA. 
3 For Speeds -80,-10,-12 and Opt1on '"L'" at 0 to 70 oc only. For other types the max1mum lcc2 IS 200lli\. 

Max 

±10 

±10 

30 

1 

100 

10 

0.8 

Vee+ 1 

0.4 

OUT 

VA0082B 

Unit 

pF 

pF 

Unit 

llA 

llA 
mA 

mA 

11A 

11A 

v 
v 

v 
v 
v 
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Table 7 A. Read Mode AC Characteristics (1) 
(TA = 0 to 70 oc or -40 to 85 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

M27C2001 

Symbol A It Parameter Test Condition -80 -10 

Min Max Min Max 

IAVQV lAce Address Valid to Output Valid E = V1L, G = V1L 80 100 

IELQV IcE Chip Enable Low to Output Valid G=VIL 80 100 

IGLQV loE Output Enable Low to Output Valid E = V1L 40 50 

tEHQZ (2) loF Chip Enable High to Output Hi·Z G=ViL 0 30 0 30 

IGHQZ (2) loF Output Enable High to Output Hi-Z E = VIL 0 30 0 30 

Address Transition to - -
IAXOX loH Output Transition E = V1L, G = V1L 0 0 

Table 78. Read Mode AC Characteristics (1l 
(TA = 0 to 70 oc or-40 to 85 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

M27C2001 
Symbol AI! Parameter Test Condition -15 -20 

Min Max Min Max 

tAVQV IACC Address Valid to Output Valid E = VIL, G = ViL 150 200 

IELQV IcE Chip Enable Low to Output Valid G= VIL 150 200 

!GLQV toe Oulput Enable Low to Output Valid E = V1L 60 70 

IEHQZ (2) !oF Chip Enable High to Output Hi-Z G=VIL 0 50 0 60 

IGHQZ (2) loF Output Enable High to Output Hi-Z E = V1L 0 50 0 60 

Address Transition to - -
IAXQX toH Oulput Transition E = VIL, G = ViL 0 0 

Notes: 1. Vee must be applied Simultaneously w1th or before Vpp and removed simultaneously or after Vpp. 

2. This parameter 1s sampled only and not 100% tested. 

Figure 5. Read Mode AC Waveforms 

AO-A17 

tAXQX ...--.+--~~-

-12 

Min Max 

120 

120 

50 

0 40 

0 40 

0 

-25 

Min Max 

250 

250 

100 

0 60 

0 60 

0 

Hi-Z 
00-07 

VA00719 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 
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Table 8. Programming Mode DC Characteristics (1) 

(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol Parameter Test Condition 

lu Input Leakage Current 0$ V1N $Vee 

Icc Supply Current 
-

lpp Program Current E = V1L 

v,L Input Low Voltage 

v,H Input High Voltage 

VoL Output Low Voltage loL= 2.1mA 

VoH Output High Voltage TTL loH = -400!lA 

Vlo A9 Voltage 

Min 

-0.3 

2 

2.4 

11.5 

Note: 1. Vee must be applied simultaneously w1th or before v,, and removed simultaneously or after v,, 

Table 9. Programming Mode AC Characteristics (1) 

(T A= 25 °C; Vee= 6.25V ± 0.25V; Vpp = 12. 75V ± 0.25V) 

Symbol All Parameter Test Condition 

tAVPL lAs Address Valid to Program Low 

lavPL los Input Valid to Program Low 

IVPHPL lvrs Vrr High to Program Low 

tveHPL lves Vee High Ia Program Low 

tELPL IcEs 
Chip Enable Law to Program 
Low 

IPLPH trw Program Pulse Width 

IPHQX loH 
Program High to Input 
Transition 

taxGL loES 
Input Transition to Output 
Enable Low 

IGLQV toE 
Output Enable Low to Ouiput 
Valid 

IGHQZ (2) toFP 
Output Enable High to Output 
Hi-Z 

IGHAX tAH 
Output Enable High to 
Address Transition 

Notes: 1. Vee must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 

2 Th1s parameter IS sampled only and not 1 00% tested. 

Max Unit 

±10 !lA 

50 mA 

50 mA 

0.8 v 

Vee+ 0.5 v 

0.4 v 

v 

12.5 v 

Min Max Unit 

2 !lS 

2 !lS 

2 !lS 

2 !lS 

2 !lS 

95 105 !lS 

2 !lS 

2 !lS 

100 ns 

0 130 ns 

0 ns 

~61~8--------------------------~~i~@~~~lru~~~ -----------------------------
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Figure 6. Programming and Verify Modes AC Waveforms 

AO-A17 =:x 
~\AVPL~ 

VALID 

Q0-07 DATA IN DATA OUT 

~tOVPL-+ \PHQX 

Vpp --. tGLQV 1--
\VPHPL ~ \GHQZ 

Vee : 

tVeHPL ~ tGHAX 

~tELPL-+ 

1'--------1 
,__. 

tQXGL ~ 

--. tPLPH f.-

~PROGRAM----..:.--- VERIFY --.: 

Figure 7. Programming Flowchart 

Vee = 6.25V, Vpp = 12.5V 

Vee = 5V, Vpp = 5V 

Check all Bytes 
VA00715 

VA00720 

PRESTO II Programming Algorithm 

PRESTO II Programming Algorithm allows the 
whole array to be programmed with a guaranteed 
margin, in a typical time of less than 24 seconds. 
Programming with PRESTO II consists of applying 
a sequence of 1 OOJlS program pulses to each byte 
until a correct verify occurs. During programming 
and verify operation, a MARGIN MODE circuit is 
automatically activated in order to guarantee that 
each cell is programmed with enough margin. No 
overprogram pulse is applied since the verify in 
MARGIN MODE provides the necessary margin to 
each programmed cell. 

Program Inhibit 

Programming of multiple M27C2001 s in parallel 
with differeQ! data is also easily accof!!Piished. 
Except for E, all like inputs including G of the 
parallel M27C2001 may be common.:.... A TTL low 
~vel pulse applied to a M27C2001 's E input, with 
P low and Vpp at 12.?_5V, will program that 
M27C2001. A high level E input inhibits the other 
M27C2001s from being programmed. 

Program Verify 

A verify (read) should be performed on the pro­
grammed bits to determine that they were correct]y 
programmed. The verify is accomplished with E 
and G at V1L. P at V1H, Vpp at 12.75V and Vee at 
6.25V. 

________________ ~~~~@~~~~~~~-------------7~m 
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Electronic Signature 

The Electronic Signature mode allows the readin.g 
out of a binary code from an EPROM that Will 
identify its manufacturer and type. this mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C ±soc ambient 
temperature range that is required when program­
ming the M27C2001. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line A9 of the M27C2001 with 
Vpp=Vcc=5V. Two identifier bytes may then be 
sequenced from the device outputs by toggling 
address line AO from V1L to V1H. All other address 
lines must be held at V1L during Electronic Signa­
ture mode. Byte 0 (AO=VIL) represents the manu­
facturer code and byte 1 (AO=VIH) the device 
identifier code. For the SGS-THOMSON 
M27C2001, these two identifier bytes are given 
here below, and can be read-out on outputs 00 to 
07. 

ERASURE OPERATION (applies to UV EPROM) 

The erasure characteristics of the M27C2001 are 
such that erasure begins when the cells are ex-

ORDERING INFORMATION 

posed to light with wavelengths shorter than .ap­
proximately 4000 A. It should be noted that sunlight 
and some type of fluore~cent lamps have wave­
lengths in the 3000-4000 A range. Data shows that 
constant exposure to room level fluorescent light­
ing could erase a typical M27C2001 in about 3 
years, while it would take approximately 1 week to 
cause erasure when exposed to direct sunlight. If 
the M27C2001 is to be exposed to these types of 
lighting conditions for extended periods of time, it 
is suggested that opaque labels be put over the 
M27C2001 window to prevent unintentional era­
sure. The recommended erasure procedure for the 
M27C2001 is exposure to short wav!'l ultrav.iolet 
light which has wavelength of 2537 A. The Inte­
grated dose (i.e. UV intensity x exposure time) for 
erasure should be a minimum of 15 W-sec/cm2• 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000 flW/cm2 power rating. The M27C2001 
should be placed within 2.5 em (1 inch) of the lamp 
tubes during the erasure. Some lamps have a filter 
on their tubes which should be removed before 
erasure. 

Example: M27C2001 -80 X F 1 L 

Speed Package Option 

-80 80 ns X ±5% F FDIP32W L Low Power 

-10 100 ns blank ±10% B PDIP32 X Additional 

-12 120 ns c PLCC32 
Burn-In 

-15 150 ns L LCCC32W TR Tape & Reel 

-20 200 ns 

-25 250 ns 

For a list of available options of Speed, Vee Tolerance, Package and ~emperat.ur~ Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that Will be penod1cally up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

~8/~8~------------------------ ~~~~@~~~~~~~~ -----------------------------
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M27V201 
LOW VOLTAGE CMOS 

2 Megabit (256K x 8) UV EPROM and OTP ROM 

• LOW VOLTAGE READ OPERATION 
- Vee Range: 3V to 5.5V (TA = 0 to 70°C) 
- Vee Range: 3.2V to 5.5V (TA = -40 to 85°C) 

• ACCESS TIME: 200 and 250ns 
• LOW POWER "CMOS" CONSUMPTION: 

- Active Current 15mA 
- Standby Current 201-!A 

• SMALL PACKAGES FOR SURFACE MOUNT­
ING: 
- Ceramic: LCCC32W, ultra-thin 2.8mm (max) 

height 
- Plastic: PLCC32 

• PROGRAMMING VOLTAGE: 12.75V 
• PROGRAMMING TIMES OF AROUND 24sec. 

(PRESTO II ALGORITHM) 

" M27V201 IS PROGRAMMABLE AS M27C2001 
WITH IDENTICAL SIGNATURE 

DESCRIPTION 

The M27V201 is a low voltage, low power 2 Mega­
bit electrically programmable memory (EPROM), 
ideally suited for handheld and portable micropro­
cessor systems requiring large programs. It is or­
ganized as 262,144 by 8 bits. 

The M27V201 operates in the read mode with a 
supply voltage as low as 3V (3.2V between -40 to 
85°C). The decrease in operating power allows 
either a reduction of the size of the battery or an 
increase in the time between battery recharges. 

Table 1. Signal Names 

AO-A17 Address Inputs 

00-07 Data Outputs 

E Chip Enable 

G Output Enable 

p Program 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

May 1992 

ADVANCE DATA 

PLCC32 (K) LCCC32W (L) 

Figure 1. Logic Diagram 

Vee Vpp 

I 
18 8 

AO-A17 00-07 

M27V201 

VA00693 

1/8 

This IS advance 1nformat1on on a new product now m development or undergo1ng eva!uat1on Deta1ls are subject to change Without not1ce 
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Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature: grade 1 Oto70 oc 
grade 6 -40to85 

TeiAS Temperature Under Bias -50 to 125 oc 

TsTG Storage Temperature -6510150 oc 

V1o Input or Output Voltages -0.610 7 v 

Vee Supply Voltage -0.610 7 v 

VAs A9 Voltage -0.6 to 13.5 v 
Vpp Program Supply Voltage -0.6 to 14 v 

Note: Except for the rat1ng "Operating Temperature Range", stresses above those listed 1n the Table "Absolute Max1mum Rat1ngs" may cause 
permanent damage to the device. These are stress rat1ngs only and operation of the device at these or any other cond1t1ons above those 
indicated in the Operating sections of this specification IS not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device rehabihty. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

Figure 2. LCC Pin Connections 

"' 
.,., <!) "- u I' 

:;;: :;;: :;;: "- u :;;: > > I"-

A7 A14 

A6 A13 

A5 AB 

A4 A9 

A3 A11 

A2 G 

A1 A10 

AO E 
QO 07 

a N (f) "' ... "' <!) 

0 (f) 0 0 0 0 
> 

VA00694 

DESCRIPTION (cont'd) 

The M27V201 can also be operated as a standard 
2 Megabit EPROM (similar to M27C2001) with a 
SV power supply . 

The 32 pin Window, Lead less Chip Carrier package 
has a transparent lid which allows the user to 
expose the chip to ultraviolet light to erase the bit 
pattern. A new pattern can then be written to the 
device by following the programming procedure. 

For applications where the content is programmed 
only one time and erasure is not required, the 
M27V201 is offered in Plastic Leaded Chip Carrier 
package. 

DEVICE OPERATION 

The modes of operation of the M27V201 are listed 
in the Operating Modes table. A single power 
supply is required in the read mode. All inputs are 
TTL levels except for Vpp and 12V on A9 for Elec­
tronic Signature. 

Read Mode 

The M27V201 has two control functions, both of 
which must be logically active in Q.rder to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen­
dent of device selection. Assuming that the ad­
dresses are stable, the address access time (tAvav) 
is equal to the delay from E to output (tELav). Data 
is available at the Q.Ytput after a delqy of tGLOV from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAvov-tGLav. 

Standby Mode 

The M27V201 has a standby mode which reduces 
the active current from 15mA to 20!JA with low 
voltage operation Vee :5 3.2V (30mA to 1 OO)J.A with 
a supply of 5.5V), see Read Mode DC Character­
istics Table for details. The M27V201 is placed in 
the stal}9by mode by applying a CMOS high signal 
to the E input. When in the standby mode, the 
output~ are in a high impedance state, independent 
of the G input. 

=2'-=-s ____________ I:.V ~~n&VIIO!~©~ ____________ _ 
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DEVICE OPERATION (cont'd) 

Two Line Output Control 

Because EPROMs are usually used in larger mem­
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

For the most efficient use of these two control lines, 
E should be decoded and us~ as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem­
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 

System Considerations 

The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg­
ments that are of interest to the system designer: 
the standby current level, the active current level, 

Table 3. Operating Modes 

Mode E G 

Read VIL VIL 

Output Disable V1L V1H 

Program V1L V1H 

Verify VIL V1L 

Program Inhibit V1H X 

Standby V1H X 

Electronic Signature V1L VIL 

Notes: X ~ v,H or VIL, v,o ~ 12V ± 0.5V 

Table 4. Electronic Signature 

Identifier AD 07 06 05 

Manufacturer's Code V1L 0 0 1 

Device Code VIH 0 1 1 

M27V201 

and transient current peaks tt@t are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. 

The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac­
itors. It is recommended that a 1J..LF ceramic capac­
itor be used on every device between Vee and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7J..LF bulk 
electrolytic capacitor should be used between Vee 
and Vss for every eight devices. The bulk capacitor 
should be located near the power supply connec­
tion point. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 

Programming 

The M27V201 has been designed to be fully com­
patible with the M27C2001. As a result the 
M27V201 can be programmed as the M27C2001 
on the same programmers applying 12.75V on Vpp 
and 6.25V on Vee. The M27V201 has the same 
electronic signature and uses the same PRESTO 
II algorithm . 

p A9 Vpp 00-07 

X X X Data Out 

X X X Hi-Z 

V1L Pulse X Vpp Data In 

V1H X Vpp Data Out 

X X Vpp Hi-Z 

X X X Hi-Z 

VIH V1o Vee Codes 

04 03 02 01 00 Hex Data 

0 0 0 0 0 20h 

0 0 0 0 1 61h 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 

Input Rise and Fall Times ~ 20ns 

Input Pulse Voltages 0.4 to 2.4V 

Input and Output Timing Ref. Voltages 0.8 to 2.0V 

Note that Output Hi-Z is def1ned as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 
~2.0V 

~O.SV 
0.4V 

DEVICE 
UNDER 
TEST 

1.3V 

VAOOB26 
CL Includes JIG capacitance 

Table 5. Capacitance (TA = 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition Min Max 

CJN Input Capacitance VJN =0V 6 

Cour Output Capacitance Vour=OV 12 

Note: Th1s parameter 1s sampled only and not tested 1 00% 

Table 6. Read Mode DC Characteristics <1> 
(TA = 0 to 70 oc; Vee= 3V to 5.5V unless specified; Vpp =Vee) 
(TA = -40 to 85 °C; Vee= 3.2V to 5.5V unless specified; Vpp = Vee) 

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current OV ~ VJN ~Vee ±10 

ILO Output Leakage Current OV~Vour~Vcc ±10 

Icc Supply Current 
E = VJL, G = VJL, f = 5MHz, Vee~ 3.2V 15 
- -
E = VJL, G = VJL, f = 5MHz, Vee= 5.5V 30 

lcc1 
Supply Current (Standby) -

TTL E=VJH 1 

lcc2 Supply Current (Standby) E > Vee- 0.2V, Vee~ 3.2V 20 
CMOS 

E >Vee- 0.2V, Vee= 5.5V 100 

lpp Program Current Vpp =Vee 10 

VJL Input Low Voltage -0.3 0.8 

OUT 

VA00828 

Unit 

pF 

pF 

Unit 

!lA 

!lA 

rnA 

rnA 

rnA 

!lA 

!lA 

!lA 

v 
VJH Input High Voltage 2 Vee+ 1 v 
VoL Output Low Voltage loL = 2.1mA 0.4 v 

VoH 
Output High Voltage TTL loH =-400j.lA 2.4 v 
Output High Voltage CMOS loH=-100j.lA Vcc-O.?V v 

Note: 1. Vee must be applied Simultaneously With or before VPP and removed simultaneously or after Vpp. 

418 ~ SGS·lHOMSON -"-=-------------- ll!t..""JI lrllOli:llilliilrn~~ii:<JOli:® ---------------
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Table 7. Read Mode AC Characteristics <1l 
(TA = 0 to 70 ac; Vee= 3V to 5.5V unless specified; Vpp = Vee) 
(TA = -40 to 85 ac; Vee= 3.2V to 5.5V unless specified; Vpp =Vee) 

M27V201 

Symbol A It Parameter Test Condition 
-200 -250 

Unit 

Min Max Min Max 

IAVQV lAce Address Valid Ia Output Valid E = VJL, G = V!L 200 250 ns 

IELOV IcE Chip Enable Law to Output Valid G = V1L 200 250 ns 

IGLQV IcE Output Enable Law to Output Valid E = V1L 130 150 ns 

IEHQZ (2) 

IGHOZ (2) 

lAX OX 

loF Chip Enable High to Output Hi-Z 

toF Output Enable High to Output Hi-Z 

toH 
Address Transition to 
Output Transition 

G=ViL 0 

0 

0 

80 0 80 ns 

80 0 80 ns 

0 ns 

Notes: 1. Vee must be applied Simultaneously w1th or before Vpp and removed simultaneously or after Vpp. 

2. Th1s parameter 1s sampled only and not 100% tested 

Figure 5- Read Mode AC Waveforms 

VALID AO-A17 ~ 
~ tAvov-

~ 

.r- \GLQV -

\ 
- \ELQV-

Q0-07 

DEVICE OPERATION (cont'd) 

When delivered (and after each erasure for UV 
EPROM), all bits of the M27V201 are in the "1" 
state. Data is introduced by selectively program­
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1s" and "Os" 
can be present in the data word. The only way to 

tAXQX 
T 

l 
I- tEHOZ-+ 

l 
!-tGHQZ-+ 

Hi-Z 
DATA OUT 

VA00719 

change a "0" to a "1 "is by die exposure to ultraviolet 
light (UV EPROM). The M27V201 is in the pro­
g_raml"!![ng mode when Vpp input is at 12.75V, and 
E and Pare at TIL-low. The data to be programmed 
is applied 8 bits in parallel to the data output pins. 
The levels required for the address and data inputs 
are TTL. Vee is specified to be 6.25V ± 0.25V. 

-------------- ;,:y ~~©'W.~l~~lj ____________ ...:5=/8 
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Table 8. Programming Mode DC Characteristics (1) 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol Parameter Test Condition 

lu Input Leakage Current V1L 5 V1N 5 V1H 

Icc Supply Current 
-

lpp Program Current E = V1L 

v,L Input Low Voltage 

v,H Input High Voltage 

VoL Output Low Voltage loL = 2.1mA 

VoH Output High Voltage TTL loH = -4001-lA 

V1o A9 Voltage 

Min 

-0.3 

2 

2.4 

11.5 

Note: 1 Vee must be applied srmultaneously wrth or before Vee and removed srmultaneously or after Vee 

Table 9. Programming Mode AC Characteristics (1) 

(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol AI! Parameter Test Condition 

lAVPL lAS Address Valid to Program Low 

loVPL los Input Valid to Program Low 

tVPHPL tvps Vpp High to Program Low 

tvcHPL tvcs Vee Hrgh to Program Low 

tELPL teEs 
Chip Enable Low to 
Program Low 

tPLPH tpw Program Pulse W1dth 

lPHOX toH Program H1gh to Input 
Trans1t1on 

toxm toES 
Input Trans1t1on to Output 
Enable Low 

tGLOV toE Output Enable Low to 
Output Valid 

tGHOZ 121 toFP Output Enable H1gh to 
Output Hi-Z 

tGHAX tAH 
Output Enable H1gh to 
Address Transition 

Min 

2 

2 

2 

2 

2 

95 

2 

2 

0 

0 

Notes: 1 Vee must be applied srmultaneously wrth or before Vee and removed simultaneously or after Vee 

2. Th1s parameter IS sampled only and not 1 00% tested 

Max Unit 

±10 JlA 

50 rnA 

50 rnA 

0.8 v 

Vee+ 0.5 v 

0.4 v 

v 

12.5 v 

Max Unit 

JlS 

JlS 

JlS 

JlS 

JlS 

105 JlS 

JlS 

JlS 

100 ns 

130 ns 

ns 

-"'6/-=-8 ____________ ~ ~~;;;m~~~?~ _____________ _ 
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Figure 6. Programming and Verify Modes AC Waveforms 

AO-A17 
I 1,--

~tAVPL., 
VALID 

I~ 

Q0-07 DATA IN DATA OUT 

~QVPL_. tPHQX 

Vpp -tGLQV -
tVPHPL .-- tGHQZ 

Vee 

tVCHPL .-- tGHAX 

£tELPL-+ 

: r-'-------J 
tQXGL -

- tPLPH f.- : 

~PROGRAM----.:.--- VERIFY --.j 

Figure 7. Programming Flowchart 

VCC = 6.25V, Vpp = 12.5V 

Vee = 5V, Vpp = 5V 

Check all Bytes 
VA00715 

VA00720 

PRESTO II Programming Algorithm 

PRESTO II Programming Algorithm allows the 
whole array to be programmed, with a guaranteed 
margin, in around 26 seconds. Programming with 
PRESTO II involves in applying a sequence of 
1 DOlls program pulses to each byte until a correct 
verify occurs. During programming and verify oper­
ation, a MARGIN MODE circuit is automatically 
activated in order to guarantee that each cell is 
programmed with enough margin. No overpro­
gram pulse is applied since the verify in MARGIN 
MODE provides necessary margin to each pro­
grammed cell. 

Program Inhibit 

Programming of multiple M27V201 sin parallel with 
diffe.!_ent data is also easily accof!!Piished. Except 
for E, all like inputs including G of the parallel 
M27V201 may be common. A TTL low level pulse 
applied to a M27V201 's E input, with Plow and Vpp 
~t 12. 75V, will program that M27V201. A high level 
E input inhibits the other M27V201 s from being 
programmed. 

Program Verify 

A verify (read) should be performed on the pro­
grammed bits to determine that they were correct)y 
programmed. The verify is accomplished with E 
and G at V1L, P at V1H, Vpp at 12.75V and Vee at 
6.25V. 

--------------~ ~~~©11&~~~94-------------7--'-'-/8 
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Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
With 1ts corresponding programming algorithm. 
This mode is functional in the 25°C ±soc ambient 
te~perature range that is required when program­
ming the M27V201. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line A9 of the M27V201, with Vpp =Vee 
= 5V. Two identifier bytes may then be sequenced 
from the device outputs by toggling address line AO 
from V1L to V1H. All other address lines must be held 
at V1L during Electronic Signature mode. 

Byte 0 (AO=VIL) represents the manufacturer code 
and byte 1 (AO=VIH) the device identifier code. For 
the SGS-THOMSON M27V201, these two identi­
fier bytes are given here below, and can be read­
out on outputs 00 to 07. Note that the M27V201 
and M27C2001 have the same identifier bytes . 

ERASURE OPERATION (applies to UV EPROM) 

The erasure characteristics of the M27V201 is such 
that erasure begins when the cells are exposed to 

ORDERING INFORMATION 

light >.yith wavelengths shorter than approximately 
4000A. It should be noted that sunlight and some 
type of fluo~escent lamps have wavelengths in the 
3000-4000A range. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M27V201 in about 3 years, while it 
would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the M27V201 is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque labels be put over the M27V201 window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M27V201 is exposure to 
short waye ultraviolet light which has a wavelength 
of 2537A. ~he integrated dose (i.e. UV intensity x 
exposure t1me) for erasure should be a minimum 
of 15 W-sr:c/cm 2. The erasure time with this dosage 
IS approximately 15 to 20 minutes using an ultravi­
olet lamp with 12000 uW/cm2 power rating. The 
M27V201 should be placed within 2.5 em (1 inch) 
of the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which 

Example: M27V201 -200 K 6 TR 

Speed Option 

-200 200 ns TR Tape & Reel 

-250 250 ns 

F<;Jr a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
th1s Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you . 

.:::8/c..=B _____________ ~ ~~~~@w,g~ci~©~ --------------
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M27C4001 

CMOS 4 Megabit (512K x 8) UV EPROM and OTP ROM 

• VERY FAST ACCESS TIME: SOns 
• COMPATIBLE WITH HIGH SPEED MICRO­

PROCESSORS, ZERO WAIT STATE 
• LOW POWER "CMOS" CONSUMPTION: 

- Active Current SOmA at 5MHz 

- Standby Current 1 OO~A 
• PROGRAMMING VOLTAGE: 12.75V 
• ELECTRONIC SIGNATURE FOR AUTOMATED 

PROGRAMMING 
• PROGRAMMING TIMES OF AROUND 48sec. 

(PRESTO II ALGORITHM) 

DESCRIPTION 

The M27C4001 is a high speed 4 Megabit UV 
erasable and programmable memory (EPROM) 
ideally suited for microprocessor systems requiring 
large programs. It is organised as 524,288 by 8 bits. 

The 32 pin Window Ceramic Frit-Seal Dual-in-Line 
and Leadless Chip Carrier packages have trans­
parent lids which allow the user to expose the chip 
to ultraviolet light to erase the bit pattern. A new 
pattern can then be written to the device by follow­
ing the programming procedure. 

For applications where the content is programmed 
only one time and erasure is not required, the 
M27C4001 is offered in both Plastic Dual-in-Line 
and Plastic Leaded Chip Carrier packages. 

Table 1. Signal Names 

AO -A18 Address Inputs 

00-07 Data Outputs 

E Chip Enable 

G Output Enable 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

May 1992 

FDIP32W (F) LCCC32W (L) 

PDIP32 (B) PLCC32 (C) 

Figure 1. Logic Diagram 

Vee Vpp 

19 8 

AO-A18 00-07 

M27C4001 

Vss 
VA00721 

1/8 
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Figure 2A. DIP Pin Connections 

Vpp 
A16 
A15 
A12 
A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 
QO 
Q1 
Q2 

Vss 

: 
[ 

: 
~ 
[ 

: 
[ 

[ 

1 v 32 
2 31 
3 30 
4 29 
5 28 
6 27 
7 26 
8 25 
g M27C4001 24 
10 23 
11 22 
12 21 
13 20 
14 19 
15 18 
16 17 

VA00722 

Vee 
A18 
A17 
A14 
A13 
AS 
A9 
All 
G 
A10 
r 
07 
06 
05 
04 
03 

Table 2. Absolute Maximum Ratings 

Symbol Parameter 

TA Ambient Operating Temperature: 

TsJAS Temperature Under Bias 

TsTG Storage Temperature 

v,o Input or Output Voltages 

Vee Supply Voltage 

VAg A9 Voltage 

Vpp Program Supply Voltage 

Figure 28. LCC Pin Connections 

N "' (j) []_ u OJ "-
::;: ::;: ::;: []_ u ~ ::;: > > <{ 

A7 A14 
A6 Al3 

A5 AS 
A4 A9 
A3 A11 
A2 G 

Al AlO 
AO I 
QO 07 

N "' " "' (j) 

0 Vl 
0 Vl 0 0 0 0 

> VA00723 

Value Unit 

grade 1 0 to 70 oc 
grade 6 -40 to 85 

-50 to 125 oc 
-65 to 150 oc 
-0.6 to 7 v 
-0.6 to 7 v 
-0.6 to 13.5 v 
-0.6 to 14 v 

Note: Except for the rat1ng "Operating Temperature Range", stresses above those listed 1n the Table "Absolute Max1mum Rat1ngs" may cause 
permanent damage to the device These are stress ratings only and operation of the device at these or any other cond1t1ons above those 
1nd1cated m the Operating sections of th1s spec1f1cat1on is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect dev1ce reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

DEVICE OPERATION 

The modes of operations of the M27C4001 are 
listed in the Operating Modes table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL levels except for Vpp and 12V on A9 
for Electronic Signature. 

Read Mode 

The M27C4001 has two control functions, both of 
which must be logically active in Qrder to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 

Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen­
dent of device selection. Assuming that the ad­
dresses are stable, the adQ.r:ess access time (tAvav) 
is equal to the delay from E to output (tELav). Data 
is available at the Q!Jtput after a del'!}' of tGLOV from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 

Standby Mode 

The M27C4001 has a standby mode which re­
duces the active current from 50mA to 1 0011A. The 

2/8 ~ SGS·THOMSON =:...._ _____________ .._""!I ii:11Dii:;liil:Qii!~m©1i'liil©IK!oa:;® ----------------
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DEVICE OPERATION (cont'd) 

M27C4001 is placed in the stand_Qy mode by ap­
plying a CMOS high signal to the E input. When in 
the standby mode, the outputs ~e in a high imped­
ance state, independent of the G input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem­
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 
b. complete assurance that output bus contention 

will not occur. 

For the most efficient use of these two control lines, 
E should be decoded and us~ as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem­
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 

System Considerations 

The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg­
ments that are of interest to the system designer : 
the standby current level, the active current level, 
and transient current peaks that are produced by 

Table 3. Operating Modes 

Mode E G 

Read v,L v,L 

Output Disable V1L v,H 

Program V1L Pulse VIH 

Verify V1H V1L 

Program Inhibit V1H V1H 

Standby v,H X 

Electronic Signature v,L VIL 

Notes: X= v,H or v,L, v,D = 12V ± 0.5V 

Table 4. Electronic Signature 

Identifier AO 07 06 05 

Manufacturer's Code V1L 0 0 1 

Dev1ce Code v,H 0 1 0 

M27C4001 

the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. 

The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac­
itors. It is recommended that a 111F ceramic capac­
itor be used on every device between Vee and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7!1F bulk 
electrolytic capacitor should be used between Vee 
and Vss for every eight devices. The bulk capacitor 
should be located near the power supply connec­
tion point.The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 

Programming 

When delivered (and after each erasure for UV 
EPROM), all bits of the M27C4001 are in the "1" 
state. Data is introduced by selectively program­
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1 s" and "Os" 
can be present in the data word. The only way to 
change a "0" to a "1" is by die exposition to ultravi­
olet light (UV EPROM). The M27C4001 is in the 
progJ:..amming mode when Vpp input is at 12.75V, 
and E is at TTL-low. The data to be programmed is 
applied 8 bits in parallel to the data output pins. The 
levels required for the address and data inputs are 
TTL. Vee is specified to be 6.25V ± 0.25V. 

A9 Vpp 00-07 

X Vee Data Out 

X Vee HI-Z 

X Vpp Data In 

X Vpp Data Out 

X Vpp Hi-Z 

X Vee Hi-Z 

V10 Vee Codes 

04 03 02 01 00 Hex Data 

0 0 0 0 0 20h 

0 0 0 0 1 41h 

---------------------------~~i~@~~~a~------------------------~3~/8 
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M27C4001 

AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 

Input Rise and Fall Times s: 20ns 

Input Pulse Voltages 0.4V to 2.4V 

Input and Output Timing Ref. Voltages O.BV to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2 4V 

0.4V 

~20V 

~O.SV 
VAODB25 

Table 5. Capacitance (TA = 25 °C, f = 1 MHz) 

Symbol Parameter Test Condition 

C1N Input Capacitance VIN = ov 
GouT Output Capacitance VouT = OV 

Note: This parameter 1s sampled only and not tested 100% 

Figure 5. Read Mode AC Waveforms 

00-07 

1.3V 

I 1N914 

0 3.3KO 

DEVICE 1 UNDER 0 OUT 

TEST CL=100pF 

T 
CL 1ncludes JIG copOCI!Once 

YA00828 

Min Max Unit 

6 pF 

12 pF 

tAXOX -+--~-

Hi-Z 

VA00724 
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M27C4001 

Table 6. Read Mode DC Characteristics (1) 

(TA = 0 to 70 oc or-40 to 85 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current OV,; VJN,; Vee ±10 

ILO Output Leakage Current OV,; Vour,; Vee ±10 

Icc Supply Current 
E = VJL, G = VJL, I= 10MHz 70 

E = VJL, G = VJL, I= 5MHz 50 

lcc1 Supply Current (Standby) TTL E =VJH 1 

lcc2 Supply Current (Standby) CMOS E>Vee-0.2V 100 

lpp Program Current Vpp =Vee 10 

V1L Input Low Voltage -0.3 0.8 

V1H Input High Voltage 2 Vee+ 1 

VoL Output Low Voltage loL= 2.1mA 

VoH 
Output High Voltage TTL loH = -400~A 2.4 

Output High Voltage CMOS loH = -100~A Vcc-0.7V 

Table 7A. Read Mode AC Characteristics (1) 
(TA = 0 to 70 oc or-40 to 85 oc; Vee= 5V ± 5% or 5V ± 1 0%; Vpp =Vee) 

M27C4001 
Symbol A It Parameter Test Condition -80 -10 

Min Max Min Max 

IAVQV lAce Address Valid to Output Valid E = VJL, G = V1L 80 100 

IELQV IcE Chip Enable Low to Output Valid G=VJL 80 100 

tGLov toE Output Enable Low to Output Valid E = V1L 40 50 

lEHOZ (2) toF Chip Enable High to Output Hi-Z G=VIL 0 30 0 30 

tGHOZ (2) loF Output Enable High to Output Hi-Z E = V1L 0 30 0 30 

Address Transition to - -
IAXQX toH Output Transition E = VJL, G = VJL 0 0 

Table 78. Read Mode AC Characteristics (1) 
(TA = 0 to 70 oc or -40 to 85 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

M27C4001 

Symbol A It Parameter Test Condition -15 

Min Max Min 

tAVQV lAce Address Valid to Output Valid E = V1L, G = VJL 150 

tELQV teE Chip Enable Low to Output Valid G= VJL 150 

tGLQV toE Output Enable Low to Output Valid E= V1L 60 

IEHQZ (2) toF Chip Enable High to Output Hi-Z G=VIL 0 50 0 

IGHOZ (2) toF Output Enable High to Output Hi-Z E = VJL 0 50 0 

Address Transition to - -
IAXOX toH Output Transition E = V1L, G = V1L 0 0 

Notes: 1. Vee must be applied Simultaneously With or before Vpp and removed simultaneously or after Vee 

2 This parameter Js sampled only and not 100% tested. 

0.4 

-12 

Min Max 

120 

120 

60 

0 40 

0 40 

0 

-20 

Max 

200 

200 

70 

80 

80 

Unit 

~A 

~A 

rnA 

mA 

mA 

J.lA 

~A 

v 
v 
v 
v 
v 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unis 

ns 

ns 

ns 

ns 

ns 

ns 
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Table 8. Programming Mode DC Characteristics <1> 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol Parameter Test Condition 

lu Input Leakage Current 0:5VIN:5Vcc 

Icc Supply Current 

lpp Program Current E=VIL 

V1L Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage loL =2.1mA 

VoH Output High Voltage TTL loH =-400J.LA 

V1o AS Voltage 

Min 

-0.3 

2 

2.4 

11.5 

Note: 1. Vee must be applied simultaneously With or before Vpp and removed simultaneously or after Vpp. 

Table 9. Programming Mode AC Characteristics <1> 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12. 75V ± 0.25V) 

Symbol All Parameter Test Condition Min 

lA VEL lAS Address Valid to Chip Enable Low 

to vEL los Input Valid to Chip Enable Low 

IVPHEL lvps Vpp High to Chip Enable Low 

IVCHEL tvcs Vee High to Chip Enable Low 

IELEH lpw Chip Enable Program Pulse 
Width 

tEHQX toH 
Chip Enable High to Input 
Transition 

taxGL toES 
Input Transition to Output Enable 
Low 

tGLQV toE 
Output Enable Low to Output 
Valid 

tGHQZ IDFP Output Enable High to Output 
Hi-Z 

IGHAX IAH Output Enable High to Address 
Transition 

Notes: 1. Vee must be applied simultaneously w1th or before Vpp and removed simultaneously or alter VPP. 

2 Th1s parameter IS sampled only and not 1 00% tested 

2 

2 

2 

2 

95 

2 

2 

0 

0 

Max Unit 

±10 J.LA 

50 rnA 

50 rnA 

0.8 v 
Vee+ 0.5 v 

0.4 v 
v 

12.5 v 

Max Unit 

J.LS 

J.LS 

J.LS 

J.LS 

105 J.LS 

J.LS 

J.LS 

100 ns 

130 ns 

ns 
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Figure 6. Programming and Verify Modes AC Waveforms 

AO-A18 ==1= VALID 

\AVEL-+J 

00-07 DATA IN DATA OUT 

\QVEL _. tEHOX 

Vpp -\GLOV -
\VPHEL 1- tGHOZ 

Vee _j 

-- tVeHEL 1- tGHAX 

: ,_ 
tOXGL 1-f\-------..1 - \ELEH --

G 
' 

:.------- PROGRAM ------1.;.---- VERIFY~ 

Figure 7. Programming Flowchart 

Vee = 6.25V, Vpp = 12.5V 

Vee = 5V, Vpp = 5V 

Check all Bytes 
VA00726 

VA00725 

PRESTO II Programming Algorithm 

PRESTO II Programming Algorithm allows the 
whole array to be programmed with a guaranteed 
margin, in a typical time of less than 52 seconds. 
Programming with PRESTO II consists of applying 
a sequence of 1 OOJ.!S program pulses to each byte 
until a correct verify occurs. During programming 
and verify operation, a MARGIN MODE circuit is 
automatically activated in order to guarantee that 
each cell is programmed with enough margin. No 
overprogram pulse is applied since the verify in 
MARGIN MODE provides the necessary margin to 
each programmed cell. 

Program Inhibit 

Programming of multiple M27C4001 s in parallel 
with differel}! data is also easily accoi}}Piished. 
Except for E, all like inputs including G of the 
parallel M27C4001 may be common,_A TTL low 
level pulse applied to a M27C4001 's E input, with 
Vpp a!J 2.75V, will program that M27C4001. A high 
level E input inhibits the other M27C4001s from 
being programmed. 

Program Verify 

A verify (read) should be performed on the pro­
grammed bits to determine that they were corr~tly 
prog@mmed. The verify is accomplished with Gat 
VIL, Eat VIH, Vpp at 1 2.75V and Vee at 6.25V. 

r=-= SGS·lHOMSON 7/8 -------------- lt.""fl O:XO©IB@~~~~Ilil@i!IO©ill _____________ ;..;..:;. 
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Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. this mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C ±soc ambient 
temperature range that is required when program­
ming the M27C4001. To activate this mode, the 
programming equipment must force 11 .5V to 1 2.5V 
on address line A9 of the M27C4001 with 
Vpp=Vcc=5V. Two identifier bytes may then be 
sequenced from the device outputs by toggling 
address line AO from V1L to V1H. All other address 
lines must be held at V1L during Electronic Signa­
ture mode. Byte 0 (AO=VIL) represents the manu­
facturer code and byte 1 (AO=ViH) the device 
identifier code. For the SGS-THOMSON 
M27C4001, these two identifier bytes are given 
here below, and can be read-out on outputs 00 to 
07. 

ERASURE OPERATION (applies to UV EPROM) 

The erasure characteristics of the M27C4001 are 
such that erasure begins when the cells are ex-

ORDERING INFORMATION 

posed to light wit(l wavelengths shorter than _ap­
proximately 4000 A. It should be noted that sunlight 
and some type of fluorescent lamps have wave­
lengths in the 3000-4000 A range. Data shows that 
constant exposure to room level fluorescent light­
ing could erase a typical M27C4001 in about 3 
years, while it would take approximately 1 week to 
cause erasure when exposed to direct sunlight. If 
the M27C4001 is to be exposed to these types of 
lighting conditions for extended periods of time, it 
is suggested that opaque labels be put over the 
M27C4001 window to prevent unintentional era­
sure. The recommended erasure procedure for the 
M27C4001 is exposure to short wavrp ultrav_iolet 
light which has wavelength of 2537 A. T~e mte­
grated dose (i.e. UV intensity x exposure t1me) for 
erasure should be a minimum of 15 W-sec/cm2. 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
1 2000 flW/cm2 power rating. The M27C4001 
should be placed within 2.5 em (1 inch) of the lamp 
tubes during the erasure. Some lamps have a filter 
on their tubes which should be removed before 
erasure. 

Example: M27C4001 -80 X F 1 L 

Speed Package Option 

-80 80 ns X ±5% F FDIP32W L Low Power 

-10 100 ns blank ± 10% B PDIP32 X Additional 

-12 120 ns c PLCC32 
Burn-in 

-15 150 ns L LCCC32W TR Tape & Reel 

-20 200 ns 

For a list of available options of Speed, Vee Tolerance, Package and Temperat_urt: Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that Will be penod1cally up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

~8~/8~------------------------ ~~i~@~~~~~~~~ -----------------------------
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M27V401 
LOW VOLTAGE CMOS 

4 Megabit (512K x 8) UV EPROM and OTP ROM 

• LOW VOLTAGE READ OPERATION 
- Vee Range: 3V to 5.5V (TA = 0 to 70°C) 
- Vee Range: 3.2V to 5.5V (TA = -40 to 85°C) 

• ACCESS TIME: 200 and 250ns 
• LOW POWER "CMOS" CONSUMPTION: 

- Active Current 15mA 
- Standby Current 20!!A 

• SMALL PACKAGES FOR SURFACE MOUNT­
ING: 
- Ceramic: LCCC32W, ultra-thin 2.8mm (max) 

height 
- Plastic: PLCC32 

• PROGRAMMING VOLTAGE: 12.75V 
• PROGRAMMING TIMES OF AROUND 48sec. 

(PRESTO II ALGORITHM) 

• M27V401 IS PROGRAMMABLE AS M27C4001 
WITH IDENTICAL SIGNATURE 

DESCRIPTION 

The M27V401 is a low voltage, low power 4 Mega­
bit electrically programmable memory (EPROM), 
ideally suited for handheld and portable micropro­
cessor systems requiring large programs. It is or­
ganized as 524,288 by 8 bits. 

The M27V401 operates in the read mode with a 
supply voltage as low as 3V (3.2V between -40 to 
85°C). The decrease in operating power allows 
either a reduction of the size of the battery or an 
increase in the time between battery recharges. 

Table 1. Signal Names 

AO-A18 Address Inputs 

Q0-07 Data Outputs 

E Chip Enable 
-
G Output Enable 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

May 1992 

ADVANCE DATA 

PLCC32 (K) LCCC32W (L) 

Figure 1. Logic Diagram 

Vee Vpp 

19 8 

AO-A18 QO-Q7 

M27V401 

Vss 
VA00695 

1/8 

This is advance 1nformat1on on a new product now m development or undergoing evaluation Deta1ls are subject to change Without not1ce. 
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Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature: grade 1 Oto 70 ac 
grade 6 -40 to 85 

TsJAS Temperature Under Bias -50 to 125 ac 

TsTG Storage Temperature -65 to 150 ac 

V1o Input or Output Voltages --0.6 to 7 v 

Vee Supply Voltage --0.6 to 7 v 

VAs A9 Voltage --0.6 to 13.5 v 
Vpp Program Supply Voltage --0.6 to 14 v 

Note: Except for the rating "Operating Temperature Range", stresses above those listed 1n the Table "Absolute Max1mum RatJngs" may cause 
permanent damage to the device. These are stress ratings only and operation of the dev1ce at these or any other conditions above those 
1nd1cated m the Operating sections of this specification is not implied Exposure to Absolute Maximum Rat1ng conditions for extended periods 
may affect dev1ce rehabihty Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 

Figure 2. LCC Pin Connections 

N "' <0 0... oro ..... 
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A6 A13 
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AD E 
00 07 
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DESCRIPTION (cont'd) 

The M27V401 can also be operated as a standard 
4 Megabit EPROM (similar to M27C4001) with a 
5V power supply . 

The 32 pin Window, Lead less Chip Carrier package 
has a transparent lid which allows the user to 
expose the chip to ultraviolet light to erase the bit 
pattern. A new pattern can then be written to the 
device by following the programming procedure. 

For applications where the content is programmed 
only one time and erasure is not required, the 
M27V401 is offered in Plastic Leaded Chip Carrier 
package. 

DEVICE OPERATION 

The modes of operation of the M27V401 are listed 
in the Operating Modes table. A single power 
supply is required in the read mode. All inputs are 
TTL levels except for Vpp and 12V on A9 for Elec­
tronic Signature. 

Read Mode 

The M27V401 has two control functions, both of 
which must be logically active in Q!der to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen­
dent of device selection. Assuming that the ad­
dresses are stable, the adQ!ess access time (tAvov) 
is equal to the delay from E to output (tELov). Data 
is available at the Q_utput after a del'!¥ of tGLOV from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 

Standby Mode 

The M27V401 has a standby mode which reduces 
the active current from 15mA to 20JlA with low 
voltage operation Vee :5 3.2V (30mA to 1 OOJlA with 
a supply of 5.5V), see Read Mode DC Character­
istics Table for details. The M27V401 is placed in 
the staQ9by mode by applying a CMOS high signal 
to the E input. When in the standby mode, the 
output~ are in a high impedance state, independent 
of the G input. 

:::2/..::.8 ____________ ~ ~itlt&~~~~©~ --------------
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DEVICE OPERATION (cont'd) 

Two Line Output Control 

Because EPROMs are usually used in larger mem­
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

For the most efficient use of these two control lines, 
E should be decoded and us~ as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem­
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 

System Considerations 

The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg­
ments that are of interest to the system designer: 
the standby current level, the active current level, 

Table 3. Operating Modes 

Mode E G 

Read V1L V1L 

Output Disable V1L V1H 

Program v,L Pulse v,H 

Verify V1H V1L 

Program Inhibit V1H V1H 

Standby v,H X 

Electronic Signature v,L V1L 

Table 4. Electronic Signature 

Identifier AO Q7 Q6 Q5 

Manufacturer's Code v,L 0 0 1 

Device Code v,H 0 1 0 

M27V401 

and transient current peaks that are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. 

The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac­
itors. It is recommended that a 1 JlF ceramic capac­
itor be used on every device between Vee and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7JlF bulk 
electrolytic capacitor should be used between Vee 
and Vss for every eight devices. The bulk capacitor 
should be located near the power supply connec­
tion point. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 

Programming 

The M27V401 has been designed to be fully com­
patible with the M27C4001. As a result the 
M27V401 can be programmed as the M27C4001 
on the same programmers applying 12.75V on Vpp 
and 6.25V on Vee. The M27V401 has the same 
electronic signature and uses the same PRESTO 
II algorithm . 

A9 Vpp QO-Q7 

X X Data Out 

X X Hi-Z 

X Vpp Data In 

X Vpp Data Out 

X Vpp Hi-Z 

X X Hi-Z 

V10 Vee Codes 

Q4 Q3 Q2 Q1 QO Hex Data 

0 0 0 0 0 20h 

0 0 0 0 1 41h 

---------------------------~~~~@~~~~~~~------------------------~3=/8 
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

s; 20ns 

0.4 to 2.4V 

Input and Output Timing Ref. Voltages 0.8 to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 

0.4V 

---v=====v 2.0V 

~O.SV 
VA00826 

Figure 4. AC Testing Load Circuit 

uv 

1N914 

3.3KO 

DEVICE 
UNDER 
TEST T CL=100pF 

CL Includes JIG copoc1tonce 

OUT 

VA00828 

Table 5. Capacitance (TA = 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition Min Max Unit 

C1N Input Capacitance ViN = ov 6 pF 

GouT Output Capacitance VouT= OV 12 pF 

Note: This parameter is sampled only and not tested 100%. 

Table 6. Read Mode DC Characteristics (1) 
(TA = 0 to 70 oc; Vee= 3V to 5.5V unless specified; Vpp =Vee) 
(TA = -40 to 85 oc; Vee= 3.2V to 5.5V unless specified; Vpp =Vee) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV s; V1N s; Vee ±10 flA 

ILO Output Leakage Current OV s; VouT s; Vee ±10 flA 
- -

Icc Supply Current 
E = V1L, G = V1L, I= 5MHz, Vee s; 3.2V 15 rnA 

E = V1L, G = V1L, I = 5MHz, Vee = 5.5V 50 rnA 

lcc1 
Supply Current (Standby) -

TIL 
E=VIH 1 rnA 

-

lec2 
Supply Current (Standby) E >Vee- 0.2V, Vee s; 3.2V 20 !lA 
CMOS 

E >Vee- 0.2V, Vee= 5.5V 100 !lA 

lpp Program Current Vpp =Vee 10 !lA 

v,L Input Low Voltage --{).3 0.8 v 

VIH Input High Voltage 2 Vee+ 1 v 

VoL Output Low Voltage loL =2.1mA 0.4 v 

VoH 
Output High Voltage TIL loH = -400flA 2.4 v 
Output High Voltage CMOS ioH = -100flA Vcc-0.7V v 

Note: 1. Vee must be applied simultaneously w1th or before Vpp and removed simultaneously or after Vee. 

-"4/-'-8 ____________ ~ ~~©n&~:l~~©~ --------------
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Table 7. Read Mode AC Characteristics <1l 
(T A= 0 to 70 °C; Vee= 3V to 5.5V unless specified; Vpp = Vee) 
(T A= -40 to 85 ac; Vee= 3.2V to 5.5V unless specified; Vpp =Vee) 

M27V401 

Symbol A It Parameter Test Condition -200 -250 Unit 

Min Max Min Max 

IAVQV lAce Address Valid to Output Valid E = VtL, G = VtL 200 250 ns 

IELQV IcE Chip Enable Low to Output Valid G=VtL 200 250 ns 

IGLQV loE Output Enable Low to Output Valid E= VtL 130 150 ns 

IEHOZ (2) toF Chip Enable High to Output Hi-Z G=VtL 0 80 0 80 ns 

IGHQZ (2) toF Output Enable Htgh to Output Hi-Z E = VtL 0 80 0 80 ns 

Address Transition to - -
tAX OX toH Output Transition E = VtL, G = VtL 0 0 ns 

Notes: 1. Vee must be applied simultaneously w1th or before Vee and removed simultaneously or after Vee. 

2. This parameter is sampled only and not 100% tested. 

Figure 5. Read Mode AC Waveforms 

AD-AlB ==x VALID 

~ tAVOV--

~ 

tGLOV -

1 
- tELOV--

00-07 

DEVICE OPERATION (cont'd) 

When delivered (and after each erasure for UV 
EPROM), all bits of the M27V401 are in the "1" 
state. Data is introduced by selectively program­
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1s" and "Os" 
can be present in the data word. The only way to 

tAX OX 1 

1 
1- tEHQZ-+ 

l 
\- tGHQZ-+ 

Hi-Z 
DATA OUT 

VA00724 

change a "0" to a "1 "is by die exposure to ultraviolet 
light (UV EPROM). The M27V401 is in the pro­
g_ramllJing mode when Vpp input is at 12.75V, and 
E and Pare at TIL-low. The data to be programmed 
is applied 8 bits in parallel to the data output pins. 
The levels required for the address and data inputs 
are TTL. Vee is specified to be 6.25V ± 0.25V. 

______________ ~ ~~~©m~:~~©~ --------------'5=/8 
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Table 8. Programming Mode DC Characteristics <1> 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol Parameter Test Condition 

lu Input Leakage Current ViL 5 ViN 5 VIH 

Icc Supply Current 

lpp Program Current E=VIL 

VIL Input Low Voltage 

Min Max 

±10 

50 

50 

-0.3 0.8 

VIH Input High Voltage 2 Vee+ 0.5 

VoL Output Low Voltage loL = 2.1mA 

VoH Output High Voltage TTL loH =-400j!A 2.4 

V1o A9 Voltage 11.5 

Note: 1. Vee must be applied simultaneously with or before Vpp and removed Simultaneously or after Vpp. 

Table 9. Programming Mode AC Characteristics <1> 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol A It Parameter Test Condition 

tAVPL lAs Address Valid to Program Low 

tQVPL los Input Valid to Program Low 

tvPHPL tvps Vpp High to Program Low 

tvcHPL lvcs Vee High to Program Low 

tELPL tees 
Chip Enable Low to 
Program Low 

IPLPH tpw Program Pulse Width 

IPHQX loH 
Program High to Input 
Transition 

IQXGL toes Input Transition to Output 
Enable Low 

tGLQV toe Output Enable Low to 
Output Valid 

IGHOZ (2) toFP Output Enable H1gh to 
Output H1-Z 

tGHAX IAH Output Enable H1gh to 
Address Transition 

Min 

2 

2 

2 

2 

2 

95 

2 

2 

0 

0 

Notes: 1. Vee must be applied Simultaneously w1th or before VPP and removed simultaneously or after Vpp. 
2. Th1s parameter 1s sampled only and not 100% tested 

0.4 

12.5 

Max 

105 

100 

130 

Unit 

!!A 
mA 

mA 

v 
v 
v 
v 
v 

Unit 

j!S 

j!S 

j!S 

j!S 

JlS 

JlS 

JlS 

j!S 

ns 

ns 

ns 
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Figure 6. Programming and Verify Modes AC Waveforms 

tAVEL 1 
AO-A18 ==t: VALID 

Q0-07 DATA IN DATA OUT 

);QVEL_. \EHQX 

Vpp ·- \GLQV 1-
tVPHEL f- \GHQZ 

Vee __j - tVeHEL f- tGHAX 

: ·- tQXGL -
' 

1\--------1 - tELEH ~ 

G 
' : 

r.- PROGRAM --------t.;.--- VERIFY -------.: 

Figure 7. Programming Flowchart 

Vee = 6.25V, Vpp = 12.5V 

Vee = 5V. Vpp = 5V 

Check all Bytes 
VA00726 

VA00725 

PRESTO II Programming Algorithm 

PRESTO II Programming Algorithm allows the 
whole array to be programmed, with a guaranteed 
margin, in around 52 seconds. Programming with 
PRESTO II involves in applying a sequence of 
1 OOJ.!S program pulses to each byte until a correct 
verify occurs. During programming and verify oper­
ation, a MARGIN MODE circuit is automatically 
activated in order to guarantee that each cell is 
programmed with enough margin. No overpro­
gram pulse is applied since the verify in MARGIN 
MODE provides necessary margin to each pro­
grammed cell. 

Program Inhibit 

Programming of multiple M27V401 sin parallel with 
diffe.r.ent data is also easily acco!!JPiished. Except 
for E, all like inputs including G of the parallel 
M27V401 may be common. A TTL low level pulse 
applied to a M27V401 's E input, with Plow and Vpp 
g_t 12.75V, will program that M27V401. A high level 
E input inhibits the other M27V401 s from being 
programmed. 

Program Verify 

A verify (read) should be performed on the pro­
grammed bits to determine that they were corr~tly 
progr.ammed. The verify is accomplished with G at 
V1L, E at V1H, Vpp at 12. 75V and Vee at 6.25V. 

------------------------~~ii©~~~~~~-----------------------~7~/8 
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Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C ±soc ambient 
temperature range that is required when program­
ming the M27V401. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line A9 of the M27V401, with Vpp =Vee 
= 5V. Two identifier bytes may then be sequenced 
from the device outputs by toggling address line AO 
from VrL to VrH. All other address lines must be held 
at VrL during Electronic Signature mode. 

Byte 0 (AO=VrL) represents the manufacturer code 
and byte 1 (AO=VrH) the device identifier code. For 
the SGS-THOMSON M27V401, these two identi­
fier bytes are given here below, and can be read­
out on outputs 00 to 07. Note that the M27V401 
and M27C4001 have the same identifier bytes. 

ERASURE OPERATION {applies to UV EPROM) 

The erasure characteristics of the M27V401 is such 
that erasure begins when the cells are exposed to 
light with wavelengths shorter than approximately 

ORDERING INFORMATION 

4000A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000A range. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M27V401 in about 3 years, while it 
would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the M27V401 is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque labels be put over the M27V401 window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M27V401 is exposure to 
short waye ultraviolet light which has a wavelength 
of 2537A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm2. The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultravi­
olet lamp with 12000 uW/cm2 power rating. The 
M27V401 should be placed within 2.5 em (1 inch) 
of the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which 

Example: M27V401 -200 K 6 TR 

-200 

-250 

Speed 

200 ns 

250 ns 

K 

L 

Option 

TR Tape & Reel 

-40 to 85 ac 

For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

~8/~8--------------------------~~i~©~2~~~~~, -----------------------------
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CMOS 4 Megabit (256K x 16) UV EPROM and OTP ROM 

• VERY FAST ACCESS TIME: 100ns 

• COMPATIBLE WITH HIGH SPEED MICRO­
PROCESSORS, ZERO WAIT STATE 

• LOW POWER "CMOS" CONSUMPTION: 

- Active Current 50mA at 5MHz 

- Standby Current 1 0011A 
• PROGRAMMING VOLTAGE: 12.75V 

• ELECTRONIC SIGNATURE FOR AUTOMATED 
PROGRAMMING 

• PROGRAMMING TIMES OF AROUND 24sec. 
(PRESTO II ALGORITHM) 

DESCRIPTION 

The M27C4002 is a high speed 4 Megabit UV 
erasable and programmable memory (EPROM) 
ideally suited for microprocessor systems requiring 
large programs. It is organised as 262,144 by 16 
bits. 

The Window Ceramic Frit-Seal Dual-in-Line and 
J-Lead Chip Carrier packages have transparent 
lids which allow the user to expose the chip to 
ultraviolet light to erase the bit pattern. A new 
pattern can then be written to the device by follow­
ing the programming procedure. 

For applications where the content is programmed 
only one time and erasure is not required, the 
M27C4002 is offered in both Plastic Dual-in-Line 
and Plastic Leaded Chip Carrier packages. 

Table 1. Signal Names 

AO -A17 Address Inputs 

Q0-015 Data Outputs 

E Chip Enable 

-
G Output Enable 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

May 1992 

FDIP40W(F) JLCC44W (J) 

PDIP40 (B) PLCC44 (C) 

Figure 1. Logic Diagram 

Vee Vpp 

18 16 

AO-A17 QO-Q15 

M27e4002 

VA00727 

1/8 
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Figure 2A. DIP Pin Connections Figure 28. LCC Pin Connections 

Vpp 1 
\__) 

40 P Vee 
[ 2 39 b A17 

015 3 38 D A16 

014 4 37 p A15 

013 5 36 p A14 

012 6 35 D A13 

011 7 34 PA12 
010 8 33 P A11 

09 9 32 D A10 

08 10 31 D A9 

Vss 
M27C4002 P Vss 11 30 

07 12 29 P AB 

06 13 28 b A7 

05 14 27 D A6 

04 15 26 D A5 

03 16 25 bA4 
02 17 24 D A3 

01 18 23 b A2 

00 19 22 D A1 

G 20 21 b AD 

"' 
.., 

"' 
a_ u,__ <D "' 

.., 
0 0 0 

o_ u u ~ :;: :;: :;: IW > z > 4: 
~~ 

012 CD 44 p A13 

011 p A12 

010 A11 

09 A10 

08 A9 

Vss 12 M27C4002 34 Vss 
NC NC 

07 AS 

06 A7 

05 A6 

04 
23 

AS 

n N 0 0 le5 ~ 0 :;: N n .,. 
0 0 0 <r <r <r 4: 

VA00728 
VA00729 

Warning: NC = No Connection. 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature: grade 1 0 to 70 oc 
grade 6 -40 to 85 

Ts!AS Temperature Under Bias -50 to 125 oc 

TsrG Storage Temperature -65 to 150 oc 
v,o Input or Output Voltages -0.6 to 7 v 
Vee Supply Voltage -0.6 to 7 v 
VAg A9 Voltage -0.6 to 13.5 v 
Vpp Program Supply Voltage -0.6 to 14 v 

Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Max1mum Ratings'" may cause 
permanent damage to the device. These are stress ratings only and operat1on of the device at these or any other cond1t1ons above those 
indicated 1n the Operating sections of this specification is not implied Exposure to Absolute Maximum Rating conditions for extended periods 
may affect dev1ce reliability. Refer also to the SGS·THOMSON SURE Program and other relevant quality documents 

DEVICE OPERATION 

The modes of operations of the M27C4002 are 
listed in the Operating Modes table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL levels except for Vpp and 12V on A9 
for Electronic Signature. 

Read Mode 

The M27C4002 has two control functions, both of 
which must be logically active in Q_rder to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 

Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen­
dent of device selection. Assuming that the ad­
dresses are stable, the adQ.ress access time (tAvov) 
is equal to the delay from E to output (tELov). Data 
is available at the Q_utput after a del'!}' of tGLOV from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 

Standby Mode 

The M27C4002 has a standby mode which re­
duces the active current from 50mA to 1 OO~A. The 

218 ~ SGS·lHOMSON =c._ _____________ ~"'fl !iD©iiJ©~~~©oo©~JC©® ----------------
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DEVICE OPERATION (cont'd) 

M27C4002 is placed in the stan@y mode by ap­
plying a CMOS high signal to the E input. When in 
the standby mode, the outputs C!!_e in a high imped­
ance state, independent of the G input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem­
ory arrays, the product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

For the most efficient use of these two control lines, 
E should be decoded and us~ as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem­
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 

System Considerations 

The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg­
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks that are produced by 

Table 3. Operating Modes 

Mode E G 

Read v,L v,L 

Output Disable V1L v,H 

Program V1L Pulse ViH 

Verify V1H v,L 

Program Inhibit v,H v,H 

Standby v,H X 

Electronic Signature VJL V1L 

Notes: X= V1H or VIL, V1o = 12V ± 0.5V 

Table 4. Electronic Signature 

Identifier AO Q7 Q6 as 
Manufacturer's Code v,L 0 0 1 

Device Code v,H 0 1 0 

M27C4002 

the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
output capacitive and inductive loading of the de­
vice. 

The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac­
itors. It is recommended that a 111F ceramic capac­
itor be used on every device between Vee and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7!1F bulk 
electrolytic capacitor should be used between Vee 
and Vss for every eight devices. The bulk capacitor 
should be located near the power supply connec­
tion point.The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 

Programming 

When delivered (and after each erasure for UV 
EPROM), all bits of the M27C4002 are in the "1" 
state. Data is introduced by selectively program­
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1 s" and "Os" 
can be present in the data word. The only way to 
change a "0" to a "1" is by die exposure to ultraviolet 
light (UV EPROM). The M27C4002 is in the pro­
gramming mode when Vpp input is at 12.75V, and 
E is at TTL-low. The data to be programmed is 
applied 16 bits in parallel to the data output pins. 
The levels required for the address and data inputs 
are TTL. Vee is specified to be 6.25V ± 0.25V. 

A9 Vpp QO · 015 

X Vee Data Out 

X Vee Hi-Z 

X Vpp Data In 

X Vpp Data Out 

X Vpp Hi-Z 

X Vee Hi-Z 

V10 Vee Codes 

04 Q3 02 01 QO Hex Data 

0 0 0 0 0 20h 

0 0 1 0 0 44h 

t=":' SGS·THOMSON 3/8 -------------- Ja."'fl u!llJ~IiJ©~~~~1ffil©fiju~iii _____________ =-.::. 
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times s 20ns 

Input Pulse Voltages 0.4V to 2.4V 

Input and Output Timing Ref. Voltages 0.8V to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 
~20V 

~O.SV 
0.4V 

VA00826 

Table 5. Capacitance (T A= 25 oc, f = 1 MHz ) 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

1.3V 

CL Includes JIG copoc1tonce 

Symbol Parameter Test Condition Min Max 

C1N Input Capacitance VIN = OV 6 

GouT Output Capacitance VouT= OV 12 

Note: Th1s parameter is sampled only and not tested 100%. 

Figure 5. Read Mode AC Waveforms 

AO-A17 ~ VALID 

t A VQ V _______. tAXQX ~I 

E 
~ 1 f tGLQV - !..::_ tEHQZ _. 

y 
r-- tELQV- j.- tGHQZ _. 

Hi-Z 
QD-015 DATA OUT 

VA007Jl 

OUT 

VA00828 

Unit 

pF 

pF 

~4/~8 ______________ ~~~§©~~~:~~©~ -----------------
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Table 6. Read Mode DC Characteristics <1l 
(TA = 0 to 70 oc or -40 to 85 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV:5VIN:5Vcc ±10 ~A 

ILO Output Leakage Current OV :5 VouT :5 Vee ±10 !!A 

Icc Supply Current 
E = ViL, G = V1L, I= 10MHz 70 rnA 

E = V1L. G = V1L. I = 5MHz 50 rnA 

lcc1 Supply Current (Standby) TTL E=VIH 1 rnA 

lcc2 Supply Current (Standby) CMOS E > Vcc-0.2V 100 !!A 

lpp Program Current Vpp =Vee 10 !!A 

V1L Input Low Voltage -0.3 0.8 v 
ViH Input High Voltage 2 Vee+ 1 v 
VoL Output Low Voltage loL=2.1mA 

VoH 
Output High Voltage TTL loH = -400!1A 2.4 

Output High Voltage CMOS loH = -1 OO!!A Vcc-0.7V 

Table 7 A. Read Mode AC Characteristics <1> 
(TA = 0 to 70 oc or-40 to 85 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

M27C4002 
Symbol All Parameter Test Condition -10 

Min Max Min 

IAvav lAce Address Valid to Output Valid E = V1L, G = V1L 100 

IELQV teE Chip Enable Low to Output Valid G=VIL 100 

IGLQV toE Output Enable Low to Output Valid E = ViL 50 

IEHQZ (2) !oF Chip Enable High to Output Hi-Z G=VIL 0 30 0 

tGHOZ(2) toF Output Enable High to Output Hi-Z E=VIL 0 30 0 

Address Transition to - -
lAX OX toH Output Transition E = VIL, G = VIL 0 0 

Table 78. Read Mode AC Characteristics <1> 
(TA = 0 to 70 °C or-40 to 85 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

M27C4002 
Symbol 

IAVQV 

IELQV 

IGLQV 

tEHQZ (2) 

IGHQZ (2) 

lAx ax 

All Parameter Test Condition 

lAce Address Valid to Output Valid E = V1L. G = V1L 

leE Chip Enable Low to Output Valid G = V1L 

toE Output Enable Low to Output Valid E = V1L 

toF Chip Enable High to Output Hi-Z 

!oF Output Enable High to Output Hi-Z 

loH 
Address Transition to 
Output Transition 

E =VIL 

-15 

Min Max 

150 

150 

60 

0 50 

0 50 

0 

Notes: 1. Vee must be applied simultaneously with or before Vpp and removed Simultaneously or after Vpp 

2. ThiS parameter is sampled only and not 1 00% tested 

Min 

0 

0 

0 

0.4 v 
v 
v 

·12 Unit 

Max 

120 ns 

120 ns 

60 ns 

40 ns 

40 ns 

ns 

-20 Unit 

Max 

200 ns 

200 ns 

70 ns 

80 ns 

80 ns 

ns 

~ SGS·1HOMSON 5/8 --------------- .. .,1 ~~©liil@~G.il:©WJ@~Q©@ _____________ __:::..:: 
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Table 8. Programming Mode DC Characteristics (1) 

(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol Parameter Test Condition 

lu Input Leakage Current 0 S V1N S Vee 

Icc Supply Current 

lpp Program Current E=ViL 

VIL Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage loL =2.1mA 

VoH Output High Voltage TTL loH =-400!1A 

V1o A9 Voltage 

Min 

-o.3 

2 

2.4 

11.5 

No!a: 1 Vee must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp 

Tabla !J. ~rogramming i'Jlode AC Ghamcl:eristics (1l 
CiA= 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12. 75V ± 0.25V) 

Symbol All Parameter 

lA VEL iAs Address Valid to Chip Enable Low 

Ia vEL los lnpui Valid to Chip Enable Low 

iVPHEL tvPs Vpp High to Chip Enable Low 

IVCHEL tvcs Vee High to Chip Enable Low 

iELEH tpw Chip Enable Program Pulse 
Width 

IEHOX toH 
Ch1p Enable H1gh to Input 
Trans1t1on 

ioxGL toES Input Trans1t1on to Output Enable 
Low 

iGLQV toE Output Enable Low to Output 
Valid 

lGHOZ I toFP 
Output Enable High to Output 
HI-Z 

IGHAX iAH Ouiput Enable H1gh to Address 
Transition 

Test Condition 

No!a3: 1 Vee must be applied simultaneously w1th or before VPP and removed Simultaneously or after VPP 
2 Th1s parameter IS sampled only and not 100% tested 

Max Unit 

±10 !!A 

50 rnA 

50 rnA 

0.8 v 
Vee+ 0.5 v 

0.4 v 
v 

12.5 v 

Min Max Unit 

2 115 

2 115 

2 !!S 

2 !!S 

95 105 115 

2 !!S 

2 115 

100 ns 

0 130 ns 

0 ns 

6!3 ______________ [.yg ~~~@~~~~i~~~ ----------------
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Figure 6. Programming and Verify Modes AC Waveforms 

--, ______ ~w--AO-A17 ----t VALID ~ 

-tAVEL-<>j 

DATA IN DATA OUT 

~-tQVEL __. -I> - ~- tEHQX 

Q0-015 

~ tVPHEL 

--1> tGLQV r-
1- tGHQZ 

Vpp 

--=itVCHEL ~ tGHAX .I I. I 

Vee 

~ 
__, 

tQXGL 1-
---1> tELEH 

..,_ 

G : 

' :.----- PROGRAM ------1.,..._ __ VERIFY ~ 

Figure 7. Programming Flowchart 

Vee = 6.25V, Vpp = 12 SV 

Vee = 5V, Vpp = 5V 

Check all Bytes 
VA00726 

VA00730 

PRESTO II Programming Algorithm 

PRESTO II Programming Algorithm allows the 
whole array to be programmed with a guaranteed 
margin, in a typical time of less than 24 seconds. 
Programming with PRESTO II consists of applying 
a sequence of 1 OOJ.lS program pulses to each byte 
until a correct verify occurs. During programming 
and verify operation, a MARGIN MODE circuit is 
automatically activated in order to guarantee that 
each cell is programmed with enough margin. No 
overprogram pulse is applied since the verify in 
MARGIN MODE provides necessary margin to 
each programmed cell. 

Program Inhibit 

Programming of multiple M27C4002s in parallel 
with differeQ! data is also easily acco'TIJ)Iished. 
Except for E, all like inputs including G of the 
parallel M27C4002 may be common. A TTL low 
level pulse applied to a M27C4002's E input, with 
Vpp at 12.75V, will program that M27C4002. A high 
level E input inhibits the other M27C4002s from 
being programmed. 

Program Verify 

A verify (read) should be performed on the pro­
grammed bits to determine that they were corr~tly 
pro9..1:_ammed. The verify is accomplished with Gat 
V!L, Eat V!H, Vpp at 12.75V and Vee at 6.25V. 

-------------- £:iff ~~~.;lti2I~l,~I~ -------------7-18 
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Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C ±soc ambient 
temperature range that is required when program­
ming the M27C4002. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line A9 of the M27C4002 with 
VPP=Vcc=5V. Two identifier bytes may then be 
sequenced from the device outputs by to['gling 
address line AO from VrL to VrH. All other address 
lines must be held at VrL during Electronic Signa­
ture mode. Byte 0 (AO=VrL) represents the manu­
facturer code and byte 1 (AO=VrH) the device 
identifier code. For the SGS-THOMSON 
M27C4002, these two identifier bytes are given 
here below, and can be read-out on outputs 00 to 
07. 

ERASURE OPERATION (applies to UV EPROM) 

The erasure characteristics of the M27C4002 are 
such that erasure begins when the cells are ex-

ORDERING INFORMATION 

posed to light with wavelengths shorter than ap­
proximately 4000 A. It should be noted that sun­
light and some type of fluorepcent lamps have 
wavelengths in the 3000-4000 A range. Research 
shows that constant exposure to room !eve! fluo­
rescent lighting could erase a typical M27C4002 in 
about 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct 
sunlight. If the M27C4002 is to be exposed to these 
types of lighting conditions for extended pe­
riods of time, it is suggested that opaque labels be 
put over the M27C4002 window to prevent uninten­
tional erasure. The recommended erasure proce­
dure for the M27C4002 is exposure to sho'1 wave 
ultraviolet light which has wavelength 2537 A. The 
integrated dose (i.e. UV intensity x exposure time) 
for erasure should be a minimum of 15 W-sec/cm2. 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000 JlW/cm2 power rating. The M27C4002 
should be placed within 2.5cm (1 inch) of the lamp 
tubes during the erasure. Some lamps have a filter 
on their tubes which should be removed before 
erasure. 

Example: M27C4002 -1 0 X F 1 L 

Speed Package Option 

-10 100 ns X ±5% F FDIP40W L Low Power 

-12 120 ns blank ±10% B PDIP40 6 -40 to 85 oc X Additional 

-15 150 ns c PLCC44 
Burn-in 

-20 200 ns L JLCC44W TR Tape & Reel 

For a list of available options of Speed, Vee Tolerance, Package and ~emperat_ur~ Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that wrll be penodrcally up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

~8/~8 __________________________ ~~i~©~~~~~~©~ -----------------------------
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~ SGS·lHOMSON .. ""! L [K'A]O©lru@~O:,~©'D'lru@~D©® M27C160 

CMOS 16 Megabit (2M x 8 or 1M x 16) UV EPROM 

• FAST ACCESS TIME: 150ns 

• WORD-WIDE or BYTE-WIDE CONFIGURABLE 
• 16 Megabit, 42 Pin, MASK ROM COMPATIBLE 

• LOW POWER CONSUMPTION 
- Active Current 70mA at 8MHz 
- Standby Current 1 OO!lA 

• PROGRAMMING VOLTAGE 12.5V ± 0.3V 
• PROGRAMMING TIME OF AROUND 10sec. 

(PRESTO Ill ALGORITHM) 

DESCRIPTION 

The M27C160 is a 16 Megabit UV erasable and 
programmable memory (EPROM) ideally suited for 
microprocessor systems requiring large data or 
program storage. It is organised as either 2M words 
of 8 bit or 1M words of 16 bit. The pin-out is 
compatible with a 16 Megabit Mask ROM. 

The 42 pin Window Ceramic Frit-Seal package has 
a transparent lid which allows the user to expose 
the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written rapidly to the 
device by following the programming procedure. 

Table 1. Signal Names 

AO-A19 Address Inputs 

00-07 Data Outputs 

08-014 Data Outputs 

Q15A-1 Data Output/ Address Input 

E Chip Enable 
-
G Output Enable 

BYTEVpp Byte Mode I Program Supply 

Vee Supply Voltage 

Vss Ground 

May 1992 

ADVANCE DATA 

FDIP42W (F) 

Figure 1. Logic Diagram 

Vee 

Q15A-1 
20 

A0-A19 QO-Q14 

M27C160 
BYTEVpp 

E 

G 

Vss 
VA00739 

1/9 

This is advance mformat1on on a new product now 1n development or undergo1ng evaluruon Detail are subJect to change Without notice 
185 



M27C160 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto 70 oc 

TerAs Temperature Under Bras -10 to 80 oc 

TsTG Storage Temperature -65 to 150 oc 

Vro Input or Output Voltages -{).6 to 7 v 

Vee Supply Voltage -{).6 to 7 v 

VAs A9Voltage -{).6 to 13.5 v 

Vpp Program Supply Voltage -{).6 to 14 v 
Note: Except for the rattng "Operattng Temperature Range'', stresses above those ltsted tn the Table "Absolute Maxtmum Ratrngs" may cause 
permanent damage to the devrce. These are stress ratrngs only and operatton of the device at these or any other conditions above those 
tndtcated tn the Operattng sectrons of thts spectftcatron ts not tmphed. Exposure to Absolute Maxrmum Ratrng condttrons for extended periods 
may affect devrce reltabiltty. Refer also to the SGS-THOMSON SURE Program and other relevant quahty documents 

Figure 2. DIP Pin Connections 

A1B 1 
'-/ 

42 ] A19 

A17 2 41 ] AB 

A7 3 40 ] A9 

A6 4 39 ] A10 

AS 5 35 ] A11 

A4 6 37 ] A12 

A3 7 36 ] A13 

A2 8 35 ] A14 

A1 9 34 ] A15 

AO 10 33 ] A16 

E 11 M27e160 32 ] liYfEVpp 

Vss 12 31 J Vss 
G 13 30 ] 015A-1 

00 14 29 ] 07 

08 15 28 ] 014 

01 16 27 ] 06 

09 17 26 ] 013 

02 18 25 ] 05 

010 19 24 ] 012 

03 20 23 ] 04 

011 21 22 J Vee 

VAD0740 

DEVICE OPERATION 

The operating modes of the M27C160 are listed in 
the Operating Modes Table. A single 5V supply is 
required in the read mode. All inputs are TTL com­
patible except for Vpp and 12V on A9 for the 
Electronic Signature. 

Read Mode 

The M27C160 has two organisations, Word-wide 
and Byte-wide. The organisation is selected by the 
signal level on the BYTEVpp pin. When BYTEVpp 
is at V1H the Word-wide organisation is selected and 
the Q15A-1 pin is used for 015 Data Output. When 
the BYTEVpp pin is at V1L the Byte-wide organisa­
tion is selected and the Q15A-1 pin is used for the 
Address Input A-1. When the memory is logically 
regarded as 16 bit wide, but read in the Byte-wide 
organisation, then with A-1 at V1L the lower 8 bits of 
the 16 bit data are selected and with A-1 at V1H the 
upper 8 bits of the 16 bit data are selected. 

The M27C160 has two control inputs, both of which 
must be logically active in order to obtain data at 
the outputs. In addition the Word-wid~ or Byte- wide 
organisation must be selected. The E signal is the 
power control and should be used for device selec­
tion. The G signal is the output control and should 
be u~d to gate data to the output pins. With E=VIL 
and G=VIL the output data will be valid in a time 
tAvov after the all address lines are valid and stable. 
The Chip Enable to Output Valid time tELOV is equal 
to the Address Valid to output Valid time tAvov. 
When the Addresses are valid and E=VIL. the out­
put data is valid after a time of tGLOV from the falling 
edge of the Output Enable signal. 

Standby Mode 

The M27C160 has a standby mode which reduces 
the active current from 50mA (f = 5MHz) to 1 OOf.LA. 
The standby mode is ente.r.ed by applying a CMOS 
high level Vee -0.2V to E. When in the standby 
mode the outputs a_@ in an high impedance state, 
independant of the G input level. 

-'21...:.9 ____________ ~ ~i©Xl12JM~:~~©~ --------------
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Table 3. Operating Modes 

Mode E G BYTEVpp A9 ao-a7 as- a14 Q15A-1 

Read Word-wide v,L v,L VIH X Data Out Data Out Data Out 

Read Byte-wide Upper V1L V1L V1L X Data Out Hi-Z V1H 

Read Byte-wide Lower v,L v,L v,L X Data Out Hi-Z V1L 

Output Disable v,L v,H X X Hi-Z Hi-Z Hi-Z 

Program V1L Pulse V1H Vpp X Data In Data In Data In 

Verify X v,L Vpp X Data Out Data Out Data Out 

Program Inhibit v,H V1H Vpp X Hi-Z HI-Z Hi-Z 

Standby V1H X X X Hi-Z Hi-Z Hi-Z 

Electronic Signature v,L v,L V1H v,o Codes Codes Code 

Notes: X = V1H or V1L, V1o = 12V ± 0 5V 

Table 4. Electronic Signature 

Identifier AD a7or Q6or as or Q4or Q3or Q2or 01 or ODor Hex 
a15 a14 a13 a12 a11 a1o ag 

Manufacturer's Code v,L 0 0 1 0 0 0 0 

Device Code V1H 1 0 1 1 0 0 0 

Table 5. Read Mode DC Characteristics <1> 
(TA = 0 to 70 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current OV:5VIN:5Vcc 

ILO Output Leakage Current OV,;; VouT,;; Vee 

Icc Supply Current E = V!L, G = V!L, f = 8Mhz 

Icc Supply Current E = V1L, G = V!L, f = 5MHz 

lcc1 Supply Current (Standby) TTL E=VIH 

lcc2 Supply Current (Standby) CMOS E>Vcc-0.2V 

lpp Program Current Vpp =Vee 

los Output Short Circuit Current Note 2 and 3 

V1L Input Low Voltage -Q.3 

V1H Input High Voltage 2 

VoL Output Low Voltage loL = 2.1mA 

VoH Output High Voltage TTL loH = -400J1A 2.4 

Notes: 1. Vee must be applied simultaneously With or before VPP and removed simultaneously w1th or after Vpp. 

2 ThiS parameter is sampled only and not tested 100%. 
3. Output shorteircUited for no more than one second. No more than one output shorted at a time. 

as Data 

0 20h 

1 B1h 

Max Unit 

±1 J.lA 

±10 J.lA 

70 mA 

50 mA 

1 mA 

100 J.lA 

10 J.lA 

100 mA 

0.8 v 

Vee+ 1 v 

0.4 v 

v 

~ SGS·THOMSON 3/9 ---------------- III.""JI &llilD©OOm~~©'iim©II!IU©OO ----------------"-'-

187 



M27C160 

Table 6. Read Mode AC Characteristics (l) 
(TA = 0 to 70 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

M27C160 

Symbol All Parameter Test Condition -150 

Min Max 

IAVQV lAce Address Valid to Output Valid E = V1L, G = V1L 150 

IBHQV 1sT BYTE High to Output Valid E = VIL, G = VIL 150 

IELOV IcE Chip Enable Low to Output Valid G =VIL 150 

Output Enable Low to Output -
60 IGLQV toE Valid E = V1L 

IBLQZ (2) BYTE Low to Output - -
lsTD Hi-Z E = V1L, G = V1L 50 

IEHQZ (2) loF Chip Enable High to Output Hi·Z G =VIL 0 50 

IGHQZ (2) Output Enable High to Output -
loF Hi·Z 

E = V1L 0 50 

Address Transition to Output - -
IAXQX loH Transition E = v,L, G = v,L 5 

tsLOX toH BYTE Low to Output Transition E = V1L, G = V1L 5 

Notes: 1. Vee must be applied simullaneously With or before Vpp and removed Simultaneously or after Vpp 

2. This parameter is sampled only and not 1 00% tested. 

Figure 3. Word-Wide Read Mode AC Waveforms 

AO-A19 VALID 

\AVQV ______. \AXQX :1 

E 
~ 1 r tGLQV --. I.- tEHQZ _. 

1 
f.- tELQV ______. 1- tGHQZ_. 

Q0-015 DATA OUT 

Note: BYTEVPP = V1H 

-200 

Min Max 

200 

200 

200 

70 

60 

0 60 

0 60 

5 

5 

Hi-Z 

VA00741 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

-"4/.;:.9 ____________ ~ ~~©n&~~:~~©~ --------------
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Figure 4. Byte-Wide Read Mode AC Waveforms 

A-1, AO-A1 9 

tAX OX ---+1--k---

Hi-Z 
00-07 

VA00742 

Note: BYTEVee = VIL 

Figure 5. BYTE Transition AC Waveforms 

AO-A19 VALID 

A-1 

BYTEVpp 

v VALID \1 
I\ :I tAVOV - tAX OX 

I 
~ 

JtBHQV f4-
00-07 DATA OUT DATA OUT 

I 

tBLQX 

08-015 
1\J Hi-Z 

DATA OUT 

tBL~~~ -
VA00743 

Note: E and G = V" 

~ SGS·niOMSON 5/9 -------------- lo.""'fl li!!lDiml©~~rn~liil©mD~ -------------= 
189 



M27C160 

AC Measurement Conditions 

Input Rise and Fall Times < 20ns 

Input Pulse Voltages 0.4V to 2.4V 

Input and Output Timing Ref. Voltages 0.8V to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure ~- AC Testing Input Output Waveforms 

2.4V 
~2.0V 

~O.SV 
0.4V 

VA00826 

Table 7. Capacitance (TA = 25 oc, f = 1 MHz) 

Symbol Parameter 

CtN 
Input Capacitance (except BYTEVpp) 

Input Capacitance (BYTEVpp) 

GouT Output Capacitance 

Note: Th1s parameter 1s sampled only and not tested 1 00% 

Figure 7. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

1.3V 

T1N914 
D 3.3KO 

CL Includes JIG copocllonce 

Test Condition Min Max 

VtN = ov 10 

VtN = OV 120 

VouT = OV 12 

Table 8. Programming Mode DC Characteristics <1l 
(T A= 25 °C; Vee= 6.25V ± 0.25V; Vpp = 12.5V ± 0.3V) 

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current Oo>VtNo>Vcc ±1 

Icc Supply Current 50 

lpp Program Current E = V1L 50 

VtL Input Low Voltage -0.3 0.8 

VtH Input High Voltage 2.4 Vee+ 0.5 

VOL Output Low Voltage loL= 2.1mA 0.4 

VoH Output Htgh Voltage TTL loH =-2.5mA 3.5 

Vto A9 Voltage 11.5 12.5 

Note: 1. Vee must be applied Simultaneously w1th or before Vpp and removed Simultaneously or after Vpp . 

OUT 

VA0082B 

Unit 

pF 

pF 

pF 

Unit 

).lA 

rnA 

rnA 

v 
v 
v 
v 
v 

.:.;6/-=-9 ____________ ~ ~~~@mg~:~~©~ _____________ _ 
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Table 9. Programming Mode AC Characteristics (1) 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.5V ± 0.3V) 

Symbol A It Parameter 

tAVEL lAs Address Valid to Chip Enable Low 

IQVEL los Input Valid to Chip Enable Low 

IVPHAV lvPs Vpp High to Address Valid 

IVCHAV lvcs V cc High to Address Valid 

lELEH lpw Chip Enable Program Pulse Width 

IEHOX IDH Chip Enable High to Input Transition 

loxGL toES 
Input Transition to Output Enable 
Low 

IGLOV toE Output Enable Low to Output Valid 

IGHQZ (2) IDFP Output Enable High to Output Hi-Z 

tGHAX IAH 
Output Enable High to Address 
Transition 

Test Condition Min 

2 

2 

2 

2 

g_5 

2 

2 

0 

0 

Notes: 1. Vee must be applied Simultaneously With or before Vpp and removed Simultaneously or after Vpp. 

2. This parameter is sampled only and not 1 00% tested. 

Figure 8. Programming and Verify Modes AC Waveforms 

AO-A19 VALID 

4--\AVEL__, 

00-015 ~ DATA IN DATA OUT 

~\QVEL+ \EHOX -tGLQV 1-
tVPHAV ..-- \GHOZ 

--=4'\VCHAV 1- f-o \OXGL" IGHAX 

~ 
: - \ELEH f--

: 
: 

,..._ ___ PROGRAM ---..-o-- VERIFY -----.: 

M27C160 

Max Unit 

flS 

flS 

flS 

flS 

10.5 flS 

flS 

flS 

120 ns 

130 ns 

ns 

VA00744 

--------------~~i~©~21~9~------------~7=19 
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Figure 9. Programming Flowchart 

Vee 6.25V, Vpp = 12.5V 

Vee = SV, BYTEVpp = VIH 

Check all words 

Output Disable Mode 

VA00745 

When EPROMs are used in memory arrays two line 
output control should be used. This function uses 
the output disable mode which allows: 

a. the lowest possible power consumption 

b. complete assurance that output bus contention 
will not occur 

For the best use of the two control lines E and G, 
the input E should be decoded and used as the 
primary selection, while G should be made a com­
mon connection to all memories in the array. G 
should be connected to the READ signal of the 
system bus. This will ensure that all deselected 
devices are in the low power standby mode and 
that the output lines are only active when data is 
required from a particular memory device. 

System Considerations 

The power switching characteristics of Advanced 
CMOS EPROMs require careful! decoupliing of the 
supplies to the devices. The supply current Icc has 
three segments of importance to the system de­
signer: the standby current, the active current and 
the transient peaks t.bat are produced by the falling 
and rising edges of E. 

The magnitude of the transient current peaks is 
dependant on the capacititive and inductive loading 
of the device outputs. The associated transient 
voltage peaks can be supressed by complying with 
the two line output control and by properly selected 
decoupling capacitors. It is recommended that a 
1 flF ceramic capacitor is used on every device 
between Vee and Vss. This should be a high fre­
quency type of low inherent inductance and should 
be placed as close as possible to the device. In 
addition, a 4.7flF electrolytic capacitor should be 
used between Vee and Vss for every eight devices. 
This capacitor should be mounted near the power 
supply connection point. The purpose of this capac­
itor is to overcome the voltage drop caused by the 
inductive effects of PCB traces. 

Programing 

When first delivered, and after erasure for UV 
EPROMs, all bits are in the "1" logic state (Output 
High). Data with both "1 's" and "O's" is applied and 
the "Os"' are programed into the memory array. For 
programing Vee is raised to 6.25V. The M27C16_Q 
is in the Program Mode when Vpp is at 12.75V, G 
is at VJH and E is pulsed to VJL. Data to be pro­
gramed is applied 16 bits in parallel to the data 
output pins 00 - 015. 

PRESTO Ill Algorithm 

The PRESTO Ill Algorithm allows the whole 16 
Megabit array to be programed with a guaranteed 
margin in a typical time of less than 10 seconds. 
The algorithm applies a series of 10flS program 
pulses to each word until a correct verify is made. 
During programing and verify a MARGIN MODE 
circuit is automatically activated to guarantee that 
each cell is programed with an adequate margin. 
No overprogram pulse is applied since the verify in 
MARGIN MODE provides the neccessary thres­
hold margin for each cell. 

Program Inhibit 

Multiple M27C160s may be programed in parallel 
with different data..:. This i~one by putting in parallel 
all inputs except E and G. With Vee at 6.25V and 
Vpp at 12.5V, data should be applied to all devices 
and G placed at VJH. Low level pulses on theE of 
one device will program that device. 

Program Verify 

After each program pulse a verify read is made by 
reading the_data output with Vee at 6.25V, Vpp at 
12.5V and G placed at VJL. 

Electronic Signature 

The Electronic Signature Mode allows a binary 
code to be read from the EPROM which identifies 
the Manufacturer and Device Type. These codes 
are intended to be used to match the programing 

_81_9 ____________ ~ ~i~@lt&~~cfOE~©~ --------------
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equipment to the device being programed and its 
corresponding algorithm. 

The Electronic Signature Mode is activated by ap­
plying a voltage V1o of 12V to the Addr~ss lin§_ A9 
and V1L to all other Address lines, with E and G at 
V1L and BYTE at V1H. The identifier bytes may be 
read from either 00-07 or 08-015. With Address 
line AO at V1L the byte output is the Manufacture's 
code, with AO at V1H the byte identifies the Device 
Type. The codes for the SGS-THOMSON 
M27C160 are shown in the table. 

Erasure 

The erasure of the M27C 160 begins when the cells 
are exposed to light. of wavelengths shorter than 
approximately 4000 A. Sunlight and some types of 
fluorescent lamps have wavelengths in the 3000 -

ORDERING INFORMATION 

M27C160 

4000 A range. Constant exposure to room level 
fluorescent lighting could erase a typical EPROM 
in about 3 years, while it takes approximately 170 
hours to cause erasure when exposed to direct 
sunlight. To prevent accidental erasure it is recom­
mended that opaque labels be placed over the 
M27C160 window. 

The erase procedure for the M27C160 is exposure 
to UV light with a wavelength of 2537 A. The 
integrated dose (UV intensity x time) for erasure 
should be a minimum of 15 W-sec/cm2. The erase 
time with this dosage is 15 to 20 minutes using an 
UV lamp with 12,000 11W/cm2 rating. The M27C160 
should be placed within 2.5cm of the lamp tube 
during erasure. No filter should be used on the 
lamp. 

Example: M27C160 -12 X F 1 

Speed 

-150 150ns 

-200 200 ns 

X 

blank 

±5% 

± 10% 

F 

Temperature Range 

1 0 to 70 ac 

For a list of available options of Speed, Vee Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

______________ ~ ~~~~m~:~~~ ____________ _;9c...;;./9 
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• 2048 x 8 ORGANIZATION 
• 525 mW Max ACTIVE POWER, 132 mW Max 

STANDBY POWER 

• ACCESS TIME: 
- M2716-1 is 350ns 

- M2716 is 450ns 
• SINGLE 5V SUPPLY VOLTAGE 
• STATIC-NO CLOCKS REQUIRED 
• INPUTS AND OUTPUTS TTL COMPATIBLE 

DURING BOTH READ AND PROGRAM 
MODES 

• THREE-STATE OUTPUT WITH TIED-OR- CA­
PABILITY 

• EXTENDED TEMPERATURE RANGE 
• PROGRAMMING VOLTAGE: 25V 

DESCRIPTION 

The M2716 is a 16,384 bit UV erasable and elec­
trically programmable memory EPROM, ideally 
suited for applications where fast turn around and 
pattern experimentation are important require­
ments. 

The M2716 is housed in a 24 pin Window Ceramic 
Frit-Seal Dual-in-Line package. The transparent lid 
allows the user to expose the chip to ultraviolet light 
to erase the bit pattern. A new pattern can then be 
written to the device by following the programming 
procedure. 

Table 1. Signal Names 

AO-A10 Address Inputs 

QQ.Q7 Data Outputs 

EP Chip Enable I Program 
-
G Output Enable 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

May 1992 

M2716 

NMOS 16K (2K x 8) UV EPROM 

1 

FDIP24W (F) 

Figure 1. Logic Diagram 

Vee Vpp 

I 
11 8 

Q0-07 

M2716 

Vss 
VA00784 

1/7 
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Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 0 to 70 oc 
grade 6 -40 to 85 

Ts1As Temperature Under Bias grade 1 -10 to 80 oc 
grade 6 -50 to 95 

TsTG Storage Temperature -65 to 125 oc 
Vee Supply Voltage -0.3 to 6 v 
V1o Input or Output Voltages -0.3 to 6 v 
Vpp Program Supply -0.3 to 26.5 v 
Po Power Dissipation 1.5 w 

Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress rat1ngs only and operat1on of the dev1ce at these or any other conditions above those 
1nd1cated in the Operating sect1ons of th1s specif1cat1on 1s not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect dev1ce reliability Refer also to the SGS-THOMSON SURE Program and other relevant qual1ty documents. 

Figure 2. DIP Pin Connections 

A7 Vee 
A6 AS 
A5 A9 
A4 Vpp 
A3 G 
A2 A10 
A1 EP 
AO 07 
00 06 
01 05 
02 04 

Vss 03 
VA00785 

DEVICE OPERATION 

The M2716 has 3 modes of operation in the normal 
system environment. These are shown in Table 3. 

Reaq_ Mode. _Ihe M2716 read operation requires 
that G = V1L, EP = V1L and that addresses AD-A 1 0 
have been stabilized. Valid data will appear on the 
output pins after time tAvov. tGLOV or tELOV (see 
Switching Time Waveforms) depending on which is 
limiting. 

198 

Des~lect Mode. The M2716 is deselected Qy mak­
ing G = V1H. This mode is independent of EP and 
the conditi.Q_n of the addresses. The outputs are 
Hi-Z when G = V1H. This allows tied-OR of 2 or more 
M2716's for memory expansion. 

Standby Mode (Power Down). The M2716 may 
Q.e powered down to the standby Q!Ode by making 
EP = VtH. This is independent of G and automati­
cally puts the outputs in the Hi-Z state. The power 
is reduced to 25% (132 mW max) of the normal 
operating power. Vee and Vpp must be maintained 
at 5V. Access time at power up remains either tAvov 
or tELOV (see Switching Time Waveforms). 

Programming 

The M2716 is shipped from SGS-THOMSON com­
pletely erased. All bits will be at "1" level (output 
high) in this initial state and after any full erasure. 
Table 3 shows the 3 programming modes. 

Program Mode. The M2716 is programmed by 
introducing "O"s into the desired locations. This is 
done 8 bits (a byte) at a time. Any individual address, 
sequential addresses, or addresses chosen at ran­
dom may be programmed. Any or all of the 8 bits 
associated with an address location may be pro­
grammed with a single program pulse applied to the 
EP pin. All input voltage levels including the program 
pulse on chip enable are TTL compatible. 

The programming sequence is:with VPP = 25V, Vee 
= 5V, G = V1H and EP = V1L, an address is selected 
and the desired data word is applied to the output 
pins (V1L = "0" and V1H = "1" for both address and 
data). After the address and data signals are stable 
the program pin is pulsed from V1L to V1H with a 



DEVICE OPERATION (cont'd) 

pulse width between 45ms and 55ms. Multiple 
pulses are not needed but will not cause device 
damage. No pins should be left open. A high level 
(V1H or higher) must not be maintained longer than 
tP~PL (max) on the program pin during program­
ming. M2716's may be programmed in parallel in 
this mode. 

Program Verify Mode. The programming of the 
M2!16 may be verified either one byte at a time 
dunng the programming (as shown in Figure 6) or 
by reading all of the bytes out at the end of the 
programming sequence. This can be done with 
Vpp = 25V or 5V in either case. Vpp must be at 5V 
for all operating modes and can be maintained at 
25V for all programming modes. 

Program Inhibit Mode. The program inhibit mode 
allows several M2716's to be programmed simul­
taneously with different data for each one by con­
trolling wh1ch ones receive the program pulse. All 
simil_ar inputs of the M2716 may be paralleled. 
Pulsmg the program pin (from V1L to V!H) will pro­
gram a unit while inhibiting the program pulse to a 
unitJ~Yill keep it from being programmed and keep­
ing G = V1H will put its outputs in the Hi-Z state. 

Table 3. Operating Modes 

Mode EP 

Read V1L 

Program V1H Pulse 

Verify V1L 

Program Inhibit V1L 

Deselect X 

Standby V1H 

M2716 

ERASURE OPERATION 

The ~2716. is erased by exposure to high intensity 
ultraviolet light through the transparent window. 
!~i.s exposure discharges the floating gate to its 
1n1t1al state through induced photo current. It is 
recommended that the M2716 be kept out of direct 
sunllg_ht. The UV content of sunlight may cause 
a part1al erasure of some bits in a relatively short 
period of time. 

An ultraviolet source of 2537 A yielding a total 
integrated dosage of 15 watt-seconds/cm 2 power 
rating is used. The M2716 to be erased should be 
placed 1 inch away from the lamp and no filters 
should be used. 

An erasure system should be calibrated periodi­
cally. Th~ erasure time is increased by the square 
of the distance (if the distance is doubled the 
~rasure time goes up by a factor of 4). Lamps lose 
1nt~nsi~y as they age, it is therefore important to 
penod1cally check that the UV system is in good 
order. 

This will ensure that the EPROMs are being com­
pletely erased. Incomplete erasure will cause 
symptoms that can be misleading. Programmers, 
components, and system designs have been er­
roneously suspected when incomplete erasure 
was the basic problem. 

G Vpp Q0-07 

V1L Vee Data Out 

VIH Vpp Data In 

V1L Vpp or Vee Data Out 

V1H Vpp H1-Z 

V1H Vee Hi-Z 

X Vee Hi-Z 

--------------~ ~i~©m~~iil~©~ ____________ _:3::..:_/7 
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M2716 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times ::; 20ns 

Input Pulse Voltages 0.45V to 2.4V 

Input and Output Ttmmg Ref. Voltages 0.8V to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 
~2.0V 

~0.8V 
0.45V 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

1.3V 

CL mcludes JIG capacJtance 

OUT 

VAOOB27 VA00828 

Table 4. Capacitance (TA = 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition Min Max Unit 

CtN Input Capacitance VtN = OV 6 pF 

GouT Output Capacitance VouT= OV 12 pF 

Note: ThiS parameter 1s sampled only and not tested 1 00%. 

Table 5. Read Mode DC Characteristics <1l 
(TA = 0 to 70 oc or-40 to 85 oc; Vee= 5V ± 5% or 5V ± 1 0%; Vpp =Vee) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current 0::; VIN::; Vee ±10 11A 

ILO Output Leakage Current VouT =Vee, EP =Vee ±10 11A 

Icc Supply Current EP = V1L, G = V1L 100 mA 

lcc1 Supply Current (Standby) EP = VtH, G = VIL 25 mA 

lpp Program Current Vpp =Vee 5 mA 

V1L Input Low Voltage -0.1 0.8 v 
V1H Input High Voltage 2 Vee+ 1 v 

VoL Output Low Voltage loL = 2.1mA 0.45 v 
VoH Output High Voltage loH =-400J.lA 2.4 v 

Note: 1. Vee must be applied srmultaneously wrth or before Vpp and removed srmultaneously or after Vpp. 

"""417-'---------------~ ~i~m~~~~~©~ --------------
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M2716 

Table 6. Read Mode AC Characteristics (1l 
(T A= 0 to 70 oc or -40 to 85 oc; Vee= 5V ± 5% or 5V ± 1 0%; Vpp =Vee) 

M2716 

Symbol All Parameter Test Condition -1 blank Unit 

Min Max Min Max 

IAVQV IACC Address Valid to Output Valid EP = V1L, G = V1L 350 

IELOV IcE Chip Enable Low to Output Valid G =VIL 350 

IGLQV toE Output Enable Low to Output Valid EP = V1L 120 

tEHQZ 121 too Chip Enable High to Output Hi-Z G =VIL 0 100 

tGHQZ (2) I oF Output Enable High to Output Hi-Z EP = V1L 0 100 

tAX OX loH Address Transition to Output Transition EP = v,L, G = v,L 0 

Notes: 1. Vee must be applied Simultaneously w1th or before Vee and removed simultaneously or after Vee. 
2 This parameter is sampled only and not 1 00% tested. 

Figure 5. Read Mode AC Waveforms 

AO-A10 

EP 

G 

Q0-07 

Table 7. Programming Mode DC Characteristics (1l 
(TA = 25 oc; Vee= 5V ± 5%; Vpp = 25V ± 1V) 

Symbol Parameter Test Condition 

lu Input Leakage Current v,L 5 v,N 5 v,H 

Icc Supply Current 

lpp Program Current 

IPP1 Program Current Pulse EP = V1H Pulse 

VIL Input Low Voltage 

V1H Input High Voltage 

Min 

-0.1 

2 

Note: 1. Vee must be applied simultaneously w1th or before Vee and removed Simultaneously or after Vee. 

Max 

±10 

100 

5 

30 

0.8 

Vee+ 1 

450 ns 

450 ns 

120 ns 

0 100 ns 

0 100 ns 

0 ns 

VA00786 

Unit 

J.lA 

mA 

mA 

mA 

v 

v 
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Table 8. Programming Mode AC Characteristics (1l 
(TA = 25 °C; Vee= 5V ± 5%; Vpp = 25V ± 1V) 

Symbol All Parameter 

IAVPH lAs Address Valid to Program High 

IQVPH los Input Valid to Program High 

IGHPH los Output Enable High to Program 
High 

IPL1PL2 IPR Program Pulse Rise Time 

IPH1PH2 IPF Program Pulse Fall T1me 

IPHPL lpw Program Pulse Width 

IPLOX loH Program Low to Input Transition 

IPLGX loH Program Low to Output Enable 
Transition 

IGLQV toE Output Enable to Output Valid 

IGHQZ toF Output Enable High to Output Hi-Z 

IPLAX IAH Program Low to Address Transition 

Test Condition Min 

G =VJH 2 

G =VIH 2 

2 

5 

5 

45 

2 

2 

EP = V1L 

0 

2 

Notes: 1. Vee must be applied Simultaneously w1th or before Vpp and removed simultaneously or after Vpp. 

2. This parameter is sampled only and not 1 00% tested 

Figure 6. Programming and Verify Modes AC Waveforms 

tPLAX 

AO-A10 

Q0-07 DATA OUT 

G 

tGLQV 

EP 

:---- PROGRAM ____ _.,.,_ __ VERIFY 

Max Units 

!iS 

!iS 

!iS 

ns 

ns 

55 ms 

!iS 

!iS 

120 ns 

100 ns 

!iS 

VA00787 
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M2716 

ORDERING INFORMATION 

Example: M2716 -1 F 1 

~T 
Speed and Vee Tolerance Package Temperature Range 

-1 350 ns, 5V ±10% F FDIP24W 1 0 to 70 °C 

blank 450 ns, 5V ±5% 6 -40 to 85 oc 

For a list of available options of Speed, Vee Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

--------------------------- ~~~;~gm:~~~------------------------~7~17 
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• FAST ACCESS TIME: 200ns 

• EXTENDED TEMPERATURE RANGE 

• SINGLE 5V SUPPLY VOLTAGE 

• LOW STANDBY CURRENT: 35mA max 

• INPUTS AND OUTPUTS TTL COMPATIBLE 
DURING READ AND PROGRAM 

• COMPLETELY STATIC 

DESCRIPTION 

The M2732A is a 32,768 bit UV erasable and 
electrically programmable memory EPROM. It is 
organized as 4,096 words by 8 bits. The M2732A 
with its single 5V power supply and with an access 
time of 200 ns, is ideal suited for applications where 
fast turn around and pattern experimentation one 
important requirements. 

The M2732A is honsed in a 24 pin Window Ceramic 
Frit-Seal Dual-in-Line package. The transparent lid 
allows the user to expose the chip to ultraviolet light 
to erase the bit pattern. A new pattern can be then 
written to the clerice by following the programming 
procedure. 

Table 1. Signal Names 

AO-A11 Address Inputs 

QO-Q? Data Outputs 

E Chip Enable 

-
GVpp Output Enable I Program Supply 

Vee Supply Voltage 

Vss Ground 

May 1992 

M2732A 

NMOS 32K (4K x 8) UV EPROM 

FDIP24W (F) 

Figure 1. Logic Diagram 

Vee 

12 8 

A0-A11 Q0-07 

M2732A 

E 

GVpp 

Vss 
VA00780 

1/7 
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M2732A 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto 70 oc 
grade 6 -40 to 85 

TstAS Temperature Under Bias grade 1 -10 to 80 oc 
grade 6 -50 to 95 

TsTG Storage Temperature -65 to 125 oc 
Vto Input or Output Voltages -0.6 to 6 v 

Vee Supply Voltage -0.6 to 6 v 
Vpp Program Supply Voltage -0.6 to 22 v 

Note: Except for the rating "Operat1ng Temperature Range", stresses above those listed 1n the Table "Absolute Max1mum Rat1ngs" may cause 
permanent damage to the device. These are stress ratings only and operation of the dev1ce at these or any other conditions above those 
tndicated in the Operating sections of this specificatton is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect devtce reliability Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 

Figure 2. DIP Pin Connections 

A7 Vee 
A6 A8 
AS A9 
A4 A11 
A3 GVpp 
A2 A10 
A1 E 
AO 07 
00 06 
01 05 
02 04 

Vss 03 
VA00781 

DEVICE OPERATION 

The six modes of operation for the M2732A are 
listed in the Operating Modes Table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL level except for VPP. 

Read Mode 

The M2732A has two control functions, both of 
which must be logically satisfied in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 

be used to gate data to the output pins, indepen­
dent of device selection. 

Assuming that the addresses are stable, add~ss 
access time (tAvAo) is equal to the delay from E to 
output (tELov). Data is available at the outputs after 
the falling edge ofG, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 

Standby Mode 

The M2732A has a standby mode which reduces 
the active power current by 70 %, from 125 mA to 
35 mA. The M2732A is placed in tb_e standby mode 
by applying a TTL high signal to E input. When in 
standby mode, the outputs are in a high impedance 
state, independent of the GVpp input. 

Two Line Output Control 

Because M2732A's are usually used in larger mem­
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

To most efficiently U.§e these two control lines, it is 
recommended that E be decoded and used as the 
primary device selecting function, while G should 
be made a common connection to all devices in the 
array and connected to the READ line from the 
system control bus. 

This ensures that all deselected memory devices 
are in their low power standby mode and that the 
output pins are only active when data is required 
from a particular memory device. 

=2/.:...7 ____________ ~~~~©It&~~~~~©~--------------
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Programming 

When delivered, and after each erasure, all bits of 
the M2732A are in the "1" state. Data is introduced 
by selectively programming "O's" into the desired 
bit locations. Although only "O's" will be pro­
grammed, both "1 's" and "O's" can be presented in 
the data word. The only way to change a "0" to a 
"1" is by ultraviolet light erasure. 

I_he M2732A is in the programming mode when the 
GVpp input is at~1V. A 0.1flF capacitor must be 
placed across GVpp and ground to suppress 
spurious voltage transients which may damage the 
device. The data to be programmed is applied, 8 
bits in parallel, to the data output pins. The levels 
required for the address and data inputs are TTL. 

When the address and data are stable, a 50ms, 
active low, TTL program pulse is applied to the E 
input. A program pulse must be applied at each 
address location to be programmed. Any location 
can be programmed at any time- either individually, 
sequentially, or at random. The program pulse has 
a maximum width of 55ms. The M2732A must not 
be programmed with a DC signal applied to the E 
input. 

Programming of multiple M2732As in parallel with 
the same data can be easily accomplished due to 
the simplicity of the programming requirements. 
Inputs of the paralleled M2732As may be con­
nected together when they are programmed with 
!be same data. A low level TTL pulse applied to the 
E input programs the paralleled 2732As. 

Program Inhibit 

Programming of multiple M2732As in parallel with 
diff~ent data is also easily a~omplished. Except 
forE, all like inputs (including GVpp) of the parallel 
M2732As may be common. A TTL level program 

Table 3. Operating Modes 

Mode E 
Read VrL 

Program VrL Pulse 

Verify VrL 

Program Inhibit VrH 

Standby VrH 

Note: X= v,H or VIL. 

M2732A 

pulse applied to a M2732A's E input with Q_Vpp at 
21 V will program that M2732A. A high level E input 
inhibits the other M2732As from being pro­
grammed. 

Program Verify 

A verify should be performed on the programmed 
bits to determine that they were correctly pro­
g_rammed. The verify is carried out with GVpp and 
Eat VrL. 

-

ERASURE OPERATION 

The erasure characteristics of the M2732A are 
such that erasure begins when the cells are ex­
posed to light with wavelengths shorter than ap­
proximately 4000 A. It should be noted that sunlight 
and certain types of fluor~scent lamps have wave­
lengths in the 3000-4000 A range. Research shows 
that constant exposure to room level fluorescent 
lighting could erase a typical M2732A in approxi­
mately 3 years, while it would take approximately 
1 week to cause erasure when exposed to the 
direct sunlight. If the M2732A is to be exposed to 
these types of lighting conditions for extended pe­
riods of time, it is suggested that opaque labels be 
put over the M2732A window to prevent uninten­
tional erasure. 

The recommended erasure procedure for the 
M2732A is exposure to shortwave ultraviolet light 
which has a wavelength of 2537 A. The integrated 
dose (i.e. UV intensity x exposure time) for erasure 
should be a minimum of 15 W-sec/cm2. The era­
sure time with this dosage is approximately 15 to 
20 minutes using an ultraviolet lamp with 12000 
flW/cm2 power rating. The M2732A should be 
placed within 2.5" em of the lamp tubes during 
erasure. Some lamps have a filter on their tubes 
which should be removed before erasure. 

GVpp Vee ao- 01 

VrL Vee Data Out 

Vpp Vee Data In 

VrL Vee Data Out 

Vpp Vee Hi-Z 

X Vee Hi-Z 
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M2732A 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times s; 20ns 

Input Pulse Voltages 0.45V to 2.4V 

Input and Output Timing Ref. Voltages 0.8V to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 

~::: 
0 45V 

VA00827 

Table 5. Capacitance (TA = 25 oc. f = 1 MHz) 

Symbol Parameter 

c,N Input Capacitance (except GVpp) 

CiN1 Input Capacitance (GVpp) 

Cour Output Capacitance 

Note: This parameter is sampled only and not tested 100% 

Figure 5. Read Mode AC Waveforms 

AO-A11 VALID 

-- tAVQV _,. 
-----, 

E 

GVpp 

f \GLQV -

r- \ELQV _,. 

QO-Q7 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 

TEST 

1.3V 

T 

1N914 

3.3KO 

CL mcludes JIG copocllonce 

Test Condition Min Max 

V1N = OV 6 

v,N = ov 20 

Vour= OV 12 

tAXQX 
l 

)' 
f.-tEHQZ __. 

1 
f.-tGHQZ __. 

HI-Z 
DATA OUT 

VA00782 

OUT 

VA00828 

Unit 

pF 

pF 

pF 
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Table 6. Read Mode DC Characteristics <1l 
(TA = 0 to 70 oc or -40 to 85 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

Symbol Parameter Test Condition 
Min 

lu Input Leakage Current 0,:; v,N,:; Vee 

ILO Output Leakage Current Vour =Vee 

Icc Supply Current E = V1L, G = V1L 

lcc1 Supply Current (Standby) E = V1H, G = V1L 

V1L Input Low Voltage -0.1 

VIH Input High Voltage 2 

VoL Output Low Voltage loL = 2.1mA 

VoH Output High Voltage loH = -4001-lA 2.4 

Note: 1. Vee must be applied Simultaneously with or before Vee and removed Simultaneously or after Vee. 

Table 7. Read Mode AC Characteristics <1l 
(T A= 0 to 70 oc or -40 to 85 oc; Vee= 5V ± 5% or 5V ± I 0%; Vpp = Vee) 

M2732A 

Symbol A It Parameter 
Test 

Condition -2, -20 blank, -25 -3 

Min Max Min Max Min 

IAVQV lAce 
Address Valid to E..= v,L, 

200 250 Output Valid G =VIL 

Chip Enable Low to -
IELQV IcE Output Valid G =VIL 200 250 

Output Enable Low -
tGLQV toE to Output Valid E = v,L 100 100 

IEHOZ 121 Chip Enable High to -
!oF Output Hi-Z G =VIL 0 60 0 60 0 

IGHOZ(2) Output Enable High -
!oF to Output Hi-Z E = V1L 0 60 0 60 0 

lAX OX loH 
Address Transition to E..= V1L. 0 0 0 
Output Transition G = v,L 

Notes: 1 Vee must be applied Simultaneously with or before Vee and removed Simultaneously or after Vee. 

2. This parameter is sampled only and not 100% tested 

M2732A 

Value 
Unit 

Max 

±10 11A 

±10 llA 

125 mA 

35 mA 

0.8 v 

Vee+ 1 v 

0.45 v 

v 

-4 Unit 

Max Min Max 

300 450 ns 

300 450 ns 

150 150 ns 

130 0 130 ns 

130 0 130 ns 

0 ns 
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M2732A 

Table 8. Programming Mode DC Characteristics <1> 
(TA = 25 oc; Vee= 5V ± 5%; Vpp = 21V ± 0.5V) 

Symbol Parameter Test Condition 

lu Input Leakage Current V1L $ V1N $ V1H 

Icc Supply Current E = V1L, G = V1L 

lpp Program Current E = V1L, G = Vpp 

VIL Input Low Voltage 

VIH Input High Voltage 

VoL Output Low Voltage loL = 2.1mA 

VoH Output High Voltage loH = -400!1A 

Min 

-Q.1 

2 

2.4 

Note: 1. Vee must be applied Simultaneously w1th or before Vpp and removed Simultaneously or alter Vpp 

Table 9. Programming Mode AC Characteristics <1> 
(TA = 25 oc; Vee= 5V ± 5%; Vpp = 21V ± 0.5V) 

Symbol A It Parameter 

lA VEL lAs 
Address Valid to Chip Enable 
Low 

tavEL los Input Valid to Chip Enable Low 

IVPHEL toES Vpp High to Chip Enable Low 

IVPL1VPL2 IPRT Vpp Rise Time 

tELEH tpw Chip Enable Program Pulse 
Width 

IEHQX toH Chip Enable High to Input 
Transition 

IEHVPX loEH Chip Enable High to Vpp 
Transition 

tvPLEL tvR Vpp Low to Chip Enable Low 

Chip Enable Low to Output IELQV tov Valid 

IEHOZ toF 
Chip Enable High to Output 
Hi-Z 

IEHAX IAH Chip Enable High to Address 
Transition 

Test Condition Min 

2 

2 

2 

50 

45 

2 

2 

2 

- -
E = v,L, G = v1L 

0 

0 

Notes: 1. Vee must be applied Simultaneously With or before VPP and removed simultaneously or alter Vpp 

Max Units 

±10 !!A 

125 mA 

30 mA 

0.8 v 

Vee+ 1 v 

0.45 v 

v 

Max Units 

!!S 

!lS 

!lS 

ns 

55 ms 

!lS 

!lS 

!lS 

1 !lS 

130 ns 

ns 
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M2732A 

Figure 6. Programming and Verity Modes AC Waveforms 

AO-A11 VALID c 
tEHAX 

Q0-07 DATA OUT 

tEHQX ~I 14 tEHQZ 
-
GVpp tELQV 

tEHVPX 

E 
tVPLEL 

PROGRAM VERIFY-.: 

VA00783 

ORDERING INFORMATION 

Example: M2732A -2 F 1 

Speed and Vee Tolerance Temperature Range 

-2 200 ns, 5V ±5% F 1 0 to 70 oc 
blank 250 ns, 5V ±5% 6 -40 to 85 oc 

-3 300 ns, 5V ±5% 

-4 450 ns, 5V ±5% 

-20 200 ns, 5V ±1 0% 

-25 250 ns, 5V ±1 0% 

For a list of available options of Speed, Vee Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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• FAST ACCESS TIME: 180ns 

• EXTENDED TEMPERATURE RANGE 

• SINGLE 5V SUPPLY VOLTAGE 

• LOW STANDBY CURRENT: 35mA max 

• TTL COMPATIBLE DURING READ AND PROGRAM 

• FAST PROGRAMMING ALGORITHM 

• ELECTRONIC SIGNATURE 

• PROGRAMMING VOLTAGE: 12V 

DESCRIPTION 

The M2764A is a 65,536 bit UV erasable and 
electrically programmable memory EPROM. It is 
organized as 8,192 words by 8 bits. 

The M27C64A is housed in a 28 pin Window Ce­
ramic Frit-Seal Dual-in-Line package. The trans­
parent lid allows the user to expose the chip to 
ultraviolet light to erase the bit pattern. A new 
pattern can then be written to the device by follow­
ing the programming procedure. 

Table 1. Signal Names 

AO · A12 Address Inputs 

00-07 Data Outputs 

E Chip Enable 

G Output Enable 

p Program 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

May 1992 

M2764A 

NMOS 64K (8K x 8) UV EPROM 

FDIP28W (F) 

Figure 1. Logic Diagram 

Vee Vpp 

13 8 

QO-Q7 

M2764A 

Vss 
VA00776 
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Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto 70 oc 
grade 6 -40 to 85 

TsrAs Temperature Under Bias grade 1 -10 to 80 oc 
grade 6 -50 to 95 

TsTG Storage Temperature -65 to 125 oc 
Vro Input or Output Voltages -0.6 to 6.5 v 
Vee Supply Voltage -0.6 to 6.5 v 
VAg A9 Voltage -0.6 to 13.5 v 
Vpp Program Supply -0.6 to 14 v 

Note: Except for the ratrng "Operatrng Temperature Range"", stresses above those lrsted in the Table "Absolute Maxrmum Ratrngs" may cause 
permanent damage to the device. These are stress ratrngs only and operatron of the device at these or any other condrtrons above those 
tndlcated in the Operattng secttons of this spectftcatton ts not tmplted Exposure to Absolute Maxtmum Rattng condtttons for extended penods 
may affect device reliabilrty. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 

Figure 2. DIP Pin Connections 

Vpp 

A12 
A7 
A6 

AS 
A4 

A3 

A2 
A1 
AD 
00 
01 
02 

Vss """L---------'-::.._.r 

VA00777 

Warning: NC =No Conneetron. 

DEVICE OPERATION 

Vee 
p 
NC 
A8 
A9 
A11 
G 
A10 
E 
07 
06 
05 
04 
03 

The seven modes of operations of the M2764A are 
listed in the Operating Modes table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL levels except for Vpp and 12V on A9 
for Electronic Signature. 

Read Mode 

The M2764A has two control functions, both of 
which must be logically satisfied in __prder to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen­
dent of device selection. 

Assuming that the addresses are stable, addr:gss 
access time (tAvov) is equal to the delay from E to 
output (tELOv). Dat§_ is available at t~ outputs after 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 

Standby Mode 

The M2764A has a standby mode which reduces 
the maximum active power current from 75mA to 
35mA. The M2764A is placed in the gandby mode 
by applying a TIL high signal to the E input. When 
in the standby mode, the outputs a_lll in a high 
impedance state, independent of the G input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem­
ory arrays, the product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

=2/c_:8 ______________ ~ ~~~;m~~g~~~ _______________ _ 
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DEVICE OPERATION (cont'd) 

For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. 

This ensures that all deselected memory devices 
are in their low power standby mode and that the 
output pins are only active when data is desired 
from a particular memory device. 

System Considerations 

The power switching characteristics of fast 
EPROMs require careful decoupling of the devices. 
The supply current. Icc. has three segments that 
are of interest to the system designer: the standby 
current level, the active current level, and transient 
current peaks that are produced by the falling and 
rising edges of E. The magnitude of the transient 
current peaks is dependent on the capacitive and 
inductive loading of the device at the output. The 
associated transient voltage peaks can be sup­
pressed by complying with the two line output 
control and by properly selected decoupling capac­
itors. It is recommended that a 111F ceramic capac­
itor be used on every device between Vee and Vss. 
This should be a high frequency capacitor of low 

Table 3. Operating Modes 

Mode E G 

Read v,L v,L 

Output Disable v,L v,H 

Program V1L V1H 

Verify V1L V1L 

Program Inhibit V1H X 

Standby V1H X 

Electronic Signature v,L v,L 

Notes: X= v,H or VIL. v,o = 12V ± 0 5%. 

Table 4. Electronic Signature 

Identifier AO Q7 Q6 Q5 

Manufacturer's Code v,L 0 0 1 

Device Code V1H 0 0 0 

M2764A 

inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.71-lF bulk 
electrolytic capacitor should be used between Vee 
and Vss for every eight devices. The bulk capacitor 
should be located near the power supply connec­
tion point. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 

Programming 

When delivered (and after each erasure for UV 
EPROM), all bits of the M2764A are in the "1" state. 
Data is introduced by selectively programming "Os" 
into the desired bit locations. Although only "Os" will 
be programmed, both "1 s" and "Os" can be present 
in the data word. The only way to change a "0" to 
a "1" is by ultraviolet light erasure. 

The M2764A is in the prcmramriJjng mode when 
Vpp input is at 12.5V and E and P are at TTL low. 
The data to be programmed is applied, 8 bits in 
parallel, to the data output pins. The levels required 
for the address and data inputs are TIL. 

Fast Programming Algorithm 

Fast Programming Algorithm rapidly programs 
M2764A EPROMs using an efficient and reliable 
method suited to the production programming en­
vironment. Programming reliability is also ensured 
as the incremental program margin of each byte is 
continually monitored to determine when it has 

p AS Vpp Q0-07 

v,H X Vee Data Out 

v,H X Vee Hi-Z 

V1L Pulse X Vpp Data In 

V1H X Vpp Data Out 

X X Vpp Hi-Z 

X X Vee Hi-Z 

v,H v,o Vee Codes Out 

Q4 Q3 Q2 Q1 QO Hex Data 

0 0 0 0 0 20h 

0 1 0 0 0 08h 
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M2764A 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times ,;; 20ns 

Input Pulse Voltages 0.45V to 2.4V 

Input and Output Timing Ref. Voltages 0.8V to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 

0.45V 
VA00827 

Table 5. Capacitance (TA = 25 oc, f = 1 MHz) 

Symbol Parameter 

CrN Input Capacitance 

GouT Output Capacitance 

Note: This parameter is sampled only and not tested 100%. 

Figure 5. Read Mode AC Waveforms 

AO-A12 

G 

Q0-07 

Figure 4. AC Testing Load Circuit 

1.3V 

l1N914 

D 3.3K[J 

DEVICE 
UNDER 
TEST ! CL=100pF 

CL Includes JIG copoc1\once 

OUT 

VA00828 

Test Condition Min Max Unit 

VrN = OV 6 pF 

VouT = OV 12 pF 

\AXOX -+---~-

Hi-Z 

VA00778 
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Table 6. Read Mode DC Characteristics <1l 
(TA = 0 to 70 °C or -40 to 85 °C; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current 0:;; V1N,;; Vee 

ILO Output Leakage Current VouT =Vee 

Icc Supply Current E = V1L, G = V1L 

lcc1 Supply Current (Standby) E=VIH 

[pp Program Current Vpp =Vee 

V1L Input Low Voltage -0.1 

V1H Input High Voltage 2 

VoL Output Low Voltage loL = 2.1mA 

VoH Output High Voltage loH = -400f!A 2.4 

Note: 1. Vee must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 

Table 7 A. Read Mode AC Characteristics <1l 
(TA = 0 to 70 oc or-40 to 85 oc; Vee= 5V ± 5% or 5V ± 1 0%; Vpp =Vee) 

Test 
M2764A 

Symbol A it Parameter 
Condition -1 -2,-20 

Min Max Min Max 

IAVQV lAce 
Address Valid to I;_= VIL, 

180 200 Output Valid G =VIL 

Chip Enable Low -
IELQV IcE to Output Valid G =VIL 180 200 

Output Enable -
IGLQV toE Low to Output Valid E = V1L 65 75 

tEHQZ (2) Chip Enable High -
I oF to Output Hi-Z G =VIL 0 55 0 55 

IGHQZ 12) Output Enable -
loF High to Output Hi-Z E = V1L 0 55 0 55 

IAXQX toH 
Address Transition I;_= V1L, 0 0 to Output Transition G =VIL 

Table 78. Read Mode AC Characteristics <1l 
(TA = 0 to 70 oc or-40 to 85 oc; Vee= 5V ± 5% or 5V ± 1 0%; Vpp =Vee) 

M2764A 
Symbol A It Parameter 

Test 
Condition -3 

Min Max Min 

IAVQV lAce 
Address Valid to I;_= VIL, 300 
Output Valid G =VIL 

Chip Enable Low -
300 IELQV IcE to Output Valid G =VIL 

Output Enable -
120 IGLQV toE Low to Output Valid E = VIL, 

tEHQZ (2) Chip Enable High -
105 0 loF to Output Hi-Z G =VIL 0 

IGHQZ (2) 
Output Enable -

I oF High to Output Hi-Z E = V1L 0 105 0 

lAX OX loH 
Address Transition I;_= V!L, 0 0 
to Output Transition G =VIL 

Notes: 1. Vee must be applied simultaneously with or before Vpp and removed simultaneously or after VPP. 

2. This parameter is sampled only and not 1 00% tested. 

M2764A 

Max Unit 

±10 f!A 

±10 f!A 

75 rnA 

35 rnA 

5 rnA 

0.8 v 
Vee+ 1 v 

0.45 v 
v 

blank, -25 Unit 

Min Max 

250 ns 

250 ns 

100 ns 

0 60 ns 

0 60 ns 

0 ns 

-4 Unit 

Max 

450 ns 

450 ns 

150 ns 

130 ns 

130 ns 

ns 
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Table 8. Programming Mode DC Characteristics (1) 

(TA = 25 ac; Vee= 6V ± 0.25V; Vpp = 12.5V ± 0.3V) 

Symbol Parameter Test Condition 

lu Input Leakage Current V1L 00: V1N 00: V1H 

Icc Supply Current 

lpp Program Current E = V1L 

V1L Input Low Voltage 

v,H Input High Voltage 

VOL Output Low Voltage loL=2.1mA 

VoH Output High Voltage loH = -400f!A 

VA9 A9 Voltage 

Min 

-0.1 

2 

24 

11.5 

Note: 1. Vee must be applied Simultaneously With or before Vpp and removed Simultaneously or after Vpp. 

Table 9. Programming Mode AC Characteristics (1) 

(T A = 25 ac; Vee = 6V ± 0.25V; Vpp = 12.5V ± 0.3V) 

Symbol All Parameter Test Condition 

IAVPL lAs Address Valid to Program Low 

loVPL los Input Valid to Program Low 

IVPHPL lvps Vpp High to Program Low 

IVCHPL tvcs Vee H1gh to Program Low 

IELPL IcEs 
Chip Enable Low to Program 
Low 

IPLPH lpw Program Pulse Width (Initial) Note 2 

IPLPH loPw 
Program Pulse W1dth Note3 
(Overprogram) 

IPHOX loH 
Program H1gh to Input 
Transition 

toxGL toEs 
Input Transition to Output 
Enable Low 

IGLOV toE 
Output Enable Low to Output 
Valid 

IGHOZ 141 IOFP 
Output Enable High to Output 
Hi-Z 

IGHAX IAH 
Output Enable High to Address 
Transition 

Min 

2 

2 

2 

2 

2 

0.95 

2.85 

2 

2 

0 

0 

Notes: 1. Vee must be applied simultaneously w1th or before Vpp and removed simultaneously or after Vpp, 
2. The Initial Program Pulse w1dth tolerance IS 1 ms ± 5%. 

Max Units 

±10 f!A 

75 rnA 

50 rnA 

0.8 v 

Vee+ 1 v 

0.45 v 

v 

12.5 v 

Max Units 

f!S 

f!S 

f!S 

f!S 

f!S 

1.05 ms 

78.75 ms 

f!S 

f!S 

150 ns 

130 ns 

ns 

3. The length of the Over-program Pulse varies from 2.85 ms to 78.95 ms, depend1ng of the multiplication value of the 1terat1on counter. 
4 Th1s parameter 1s sampled only and not 1 00% tested 
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Figure 6. Programming and Verify Modes AC Waveforms 

AO-A12 ::=J( VALID 

~tAVPL+J 
v DATA IN DATA OUT 

I' - tQVPL _,. tPHOX 

Q0-07 

l --. tGLQVr-

~ tVPHPL f.- tGHQZ 

~ tVeHPL f.- tGHAX 

JtELPL_,. 

I 

1\______)t tQXGL f4--
__. tPLPH 

I 

:--------- PROGRAM ___ __.,.. VERIFY --.: 

Figure 7. Fast Programming Flowchart 

Vee = 6V. Vpp = 12.5V 

Vee = 5V, Vpp = 5V 

Check all bytes 
VA00775 

VA00779 

DEVICE OPERATION (cont'd) 

been successfully programmed. A flowchart of the 
M2764A Fast Programming Algorithm is shown on 
the last page. The Fast Programming Algorithm 
utilizes two different pulse types: initial and over­
program. 

The duration of the initial P pulse(s) is 1 ms, which 
will then be followed by a longer overprogram pulse 
of length 3ms by n (n is equal to the number of the 
initial one millisecond pulses applied to a particular 
M2764A location), before a correct verify occurs. 
Up to 25 one-millisecond pulses per byte are pro­
vided for before the overprogram pulse is applied. 

The entire sequence of program pulses and byte 
verifications is performed at Vee = 6V and Vpp = 
12.5V. When the Fast Programming cycle has been 
completed, all bytes should be compared to the 
original data with Vee = 5V and Vpp = 5V. 

Program Inhibit 

Programming of multiple M2764A in parallel with 
different data is also easily accomplished. Except 
for E, all like inputs (including G) of the parallel 
M2764A may be common. A TTL low pulse applied 
to a M2764A's E input, with Vpp _at 12.5V, will 
program that M2764A. A high level E input inhibits 
the other M2764As from being programmed. 

--------------- ~~i~~~2~~~9©~-------------7~18 
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M2764A 

Program Verify 

A verify should be performed on the programmed 
bits to determine that they were correc!!Y pro­
g_ramme_Q_. The verify is accomplished with G = V1L. 
E = ViL, P = V1H and Vpp = 12.5V. 

Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C ±soc ambient 
temperature range that is required when program­
ming the M2764A. 

To activate this mode, the programming equipment 
must force 11.5V to 12.5V on address line A9 of the 
M2764A. Two identifier bytes may then be se­
quenced from the device outputs by toggling ad­
dress line AO from V1L to V1H. All other address lines 
must be held at V1L during Electronic Signature 
mode. Byte 0 (AO = ViL) represents the manufac­
turer code and byte 1 (AO = ViH) the device identifier 
code. For the SGS-THOMSON M2764A, these two 
identifier bytes are given below. 

ORDERING INFORMATION 

Example: M2764A -1 F 1 

Speed and Vee Tolerance 

-1 180 ns, 5V ±5% F 

-2 200 ns, 5V ±5% 

blank 250 ns, 5V ±5% 

-3 300 ns, 5V ±5% 

-4 450 ns, 5V ±5% 

-20 200 ns, 5V ±1 0% 

-25 250 ns, 5V ±1 0% 

ERASURE OPERATION (applies to UV EPPROM) 

The erasure characteristic of the M2764A is such 
that erasure begins when the cells are exposed to 
light w_ith wavelengths shorter than approximately 
4000 A. It should be noted that sunlight and some 
type of fluor!'lscent lamps have wavelengths in the 
3000-4000 A range. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M2764A in about 3 years, while it 
would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the M2764A is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque labels be put over the M2764A window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M2764A is exposure to 
short vyave ultraviolet light which has wavelength 
2537 A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm2. The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultravi­
olet lamp with 12000 J.!W/cm2 power rating. The 
M2764A should be placed within 2.5 em (1 inch) of 
the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which should be re­
moved before erasure. 

Temperature Range 

FDIP28W 1 0 to 70 ° 
6 -40 to 85 oc 

For a list of available options of Speed, Vee Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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M27128A 

NMOS 128K (16K x 8) UV EPROM 

• FAST ACCESS TIME: 200ns 

• EXTENDED TEMPERATURE RANGE 

• SINGLE 5 V SUPPLY VOLTAGE 

• LOW STANDBY CURRENT: 40mA max 

• TIL COMPATIBLE DURING READ AND PRO-
GRAM 

• FAST PROGRAMMING ALGORITHM 

• ELECTRONIC SIGNATURE 

• PROGRAMMING VOLTAGE: 12V 

DESCRIPTION 

The M27128A is a 131,072 bit UV erasable and 
electrically programmable memory EPROM. It is 
organized as 16,384 words by 8 bits. 

The M27128A is housed in a 28 Pin Window Ce­
ramic Frit-Seal Dual-in-Line package. The trans­
parent lid allows the user to expose the chip to 
ultraviolet light to erase the bit pattern. A new 
pattern can then be written to the device by follow­
ing the programming procedure. 

Table 1. Signal Names 

AO- A13 Address Inputs 

QO-Q7 Data Outputs 

E: Chip Enable 
-
G Output Enable 

p Program 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

May 1992 

~ 
28~~~ 

FDIP28W (F) 

Figure 1. Logic Diagram 

Vee Vpp 

14 8 

00-07 

M27128A 

Vss 
VA00769 

1/8 
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Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto 70 oc 
grade 6 -40 to 85 

Ts1AS Temperature Under Bias grade 1 -10to80 oc 
grade 6 -50 to 95 

Tsm Storage Temperature -65to 125 oc 
V1o Input or Output Voltages -Q.6to 6.25 v 
Vee Supply Voltage -0.6to 6.25 v 
VAg A9Voltage -0.6 to 13.5 v 
Vpp Program Supply -o.6to 14 v 

Note: Except for the rabng ''Operating Temperature Range", stresses above those listed m the Table "Absolute Maximum Ratmgs" may cause 
permanent damage to the device These are stress rat1ngs only and operat1on of the dev1ce at these or any other cond1t1ons above those 
indicated m the Operating sections of this specification is not implied Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS· THOMSON SURE Program and other relevant quality documents 

Figure 2. DIP Pin Connections 

Vpp Vee 
A12 p 

A7 A13 
A6 A8 
AS A9 
A4 A11 
A3 G 
A2 A10 
A1 r 
AO Q7 
QO Q6 
Q1 QS 
Q2 Q4 

Vss 03 
VA00770 

Warning: NC = No Connection. 

DEVICE OPERATION 

The seven modes of operation of the M27128A are 
listed in the Operating Modes table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL levels except for Vpp and 12V on A9 
for Electronic Signature. 

Read Mode 

The M27128A has two control functions, both of 
which must be logically satisfied in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, inde­
pendent of device selection. 

Assuming that the addresses are stable, addrgss 
access time (tAvav) is equal to the delay from E to 
output (tELav). Dag is available at tl}!l outputs after 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 

Standby Mode 

The M27128A has a standby mode which reduces 
the maximum active power current from 85mA to 
40mA. The M27128A is placed in the 2_tandby mode 
by applying a TTL high signal to the E input. When 
in the standby mode, the outputs a.@ in a high 
impedance state, independent of the G input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem­
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 
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DEVICE OPERATION (cont'd) 

For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. 

This ensures that all deselected memory devices 
are in their low power standby mode and that the 
output pins are only active when data is required 
from a particular memory device. 

System Considerations 

The power switching characteristics of fast 
EPROMs require careful decoupling of the devices. 
The supply current, Icc, has three segments that 
are of interest io the system designer: the standby 
current level, the active current level, and transient 
current peaks tt}§t are produced by the falling and 
rising edges of E. The magnitude of this transient 
current peaks is dependent on the capacitive and 
inductive loading of the device at the output. The 
associated transient voltage peaks can be sup­
pressed by complying with the two line output 
control and by properly selected decoupling capac­
itors. It is recommended that a 1 f.!F ceramic capac­
itor be used on every device between Vee and Vss. 
This should be a high frequency capacitor of low 

Table 3. Operating Modes 

Mode E G 

Read V1L V1L 

Output Disable V1L V1H 

Program V1L V1H 

Venfy V1L V1L 

Program Inhibit V1H X 

Standby V1H X 

Electronic Signature V1L v,L 

Notes: X= v,H or VIL, v,o = 12V ± 0 5%. 

Table 4. Electronic Signature 

Identifier AO 07 06 as 
Manufacturer's Code V1L 0 0 1 

Device Code v,H 1 0 0 

M27128A 

inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7f.lF bulk 
electrolytic capacitor should be used between Vee 
and GND for every eight devices. The bulk capac­
itor should be located near the power supply con­
nection point. The purpose of the bulk capacitor is 
to overcome the voltage drop caused by the induc­
tive effects of PCB traces. 

Programming 

When delivered (and after each erasure for UV 
EPPROM), all bits of the M27128A are in the "1" 
state. Data is introduced by selectively program­
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1 s" and "Os" 
can be present in the data word. The only way to 
change a "0" to a "1" is by ultraviolet light erasure. 

The M27128A is in the prQgramr:!!ing mode when 
Vpp input is at 12.5V and E and P are at TTL low. 
The data to be programmed is applied 8 bits in 
parallel, to the data output pins. The levels required 
for the address and data inputs are TIL. 

Fast Programming Algorithm 

Fast Programming Algorithm rapidly programs 
M27128A EPROMs using an efficient and reliable 
method suited to the production programming en­
vironment. Programming reliability is also ensured 
as the incremental program margin of each byte is 

p AS Vpp Q0-07 

V1H X Vee Data Out 

V1H X Vee Hi-Z 

V1L Pulse X Vpp Data In 

V1H X Vpp Data Out 

X X Vpp Hi-Z 

X X Vee Hi-Z 

v,H v,o Vee Codes Out 

04 03 02 01 ao Hex Data 

0 0 0 0 0 20h 

0 1 0 0 1 89h 
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times ,;; 20ns 

Input Pulse Voltages 0.45V to 2.4V 

Input and Output Timing Ref. Voltages o.av to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 
~2.0V 

~0.8V 
0.45V 

VA00827 

Table 5. Capacitance (TA = 25 oc, f = 1 MHz) 

Symbol Parameter 

CiN Input Capacitance 

CouT Output Capacitance 

Note: Th1s parameter 1s sampled only and not tested 100%. 

Figure 5. Read Mode AC Waveforms 

AD-A13 

Q0-07 

Figure 4. AC Testing Load Circuit 

1.3V 

1N914 

3.3KO 

DEVICE 
UNDER 
TEST T CL=100pF 

CL Includes JIG capacitance 

OUT 

VA00828 

Test Condition Min Max Unit 

V1N=DV = 6 pF 

VouT=DV = 12 pF 

Hi-Z 

VA00771 
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Table 6. Read Mode DC Characteristics (1) 
(TA = 0 to 70 oc or -40 to 85 oc; Vee= 5V ± 5% or 5V ± 1 0%; Vpp =Vee) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current 0 5 V1N 5 Vee 

ILO Output Leakage Current VouT= Vee 

Icc Supply Current E = V1L, G = V1L 

lcc1 Supply Current (Standby) E=VIH 

lpp Program Current Vpp =Vee 

V1L Input Low Voltage -0.1 

V1H Input High Voltage 2 

VoL Output Low Voltage loL= 2.1mA = 

VoH Output High Voltage loH = -400!-lA 2.4 

Notes: 1. Vee must be applied simultaneously w1th or before Vee and removed Simultaneously or after Vee. 

Table 7. Read Mode AC Characteristics (1> 

(TA = 0 to 70 oc or-40 to 85 oc; Vee= 5V ± 5% or 5V ± 1 0%; Vpp =Vee) 

M27128A 
Test 

Symbol All Parameter Condition -2,-20 blank, -25 -3,-30 

Min Max Min Max Min 

lAVOV lAce 
Address Valid to ~=VIL, 200 250 Output Valid G=VIL 

Chip Enable Low to -
lELOV leE Output Valid G=VIL 200 250 

Output Enable Low -
IGLQV toE to Output Valid E = VIL 75 100 

tEHQZ (2) 
Chip Enable High to -

loF Output H1-Z G=VIL 0 55 0 60 0 

lGHOZ (2) 
Output Enable High -

loF to Output Hi-Z E = VIL 0 55 0 60 0 

lAX OX loH 
Address Transition to E..= v,L, 0 0 0 
Output Transition G=VIL 

Notes: 1. Vee must be applied simultaneously w1th or before Vee and removed Simultaneously or after Vee 
2. This parameter is sampled only and not 1 00% tested. 

Max 

300 

300 

120 

105 

105 

M27128A 

Max Unit 

±10 !lA 

±10 !lA 

75 mA 

35 mA 

5 mA 

0.8 v 

Vee+ 1 v 

0.45 v 

v 

-4 Unit 

Min Max 

450 ns 

450 ns 

150 ns 

0 130 ns 

0 130 ns 

0 ns 
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Table 8. Programming Mode DC Characteristics <1> 
(T A = 25 oc; Vee = 6V ± 0.25V; Vpp = 12.5V ± 0.3V) 

Symbol Parameter Test Condition 

lu Input Leakage Current V;L ~ V;N ~ V;H 

Icc Supply Current 

lpp Program Current E =VIL 

V;L Input Low Voltage 

V;H Input High Voltage 

VoL Output Low Voltage loL= 2.1mA 

VoH Output High Voltage loH = -4001-lA 

V;o A9Voltage 

Min 

-0.1 

2 

2.4 

11.5 

Notes: 1. Vee must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp 

Table 9. Programming Mode AC Characteristics <1> 
(TA = 25 ac; Vee= 6V ± 0.25V; Vpp = 12.5V ± 0.3V) 

Symbol A It Parameter Test Condition 

IAVPL lAs Address Valid to Program Low 

tavPL los Input Valid to Program Low 

IVPHPL tvPs Vpp High to Program Low 

tveHPL tves Vee High to Program Low 

IELPL IcEs 
Chip Enable Low to Program 
Low 

tPLPH lpw Program Pulse W1dth (lmtial) Note2 

tPLPH toPW 
Program Pulse Width Note3 (Overprogram) 

IPHQX toH 
Program High to Input 
Transition 

tQXGL toES 
Input Transition to Output 
Enable Low 

tGLQV toE Output Enable Low to 
Output Valid 

tGHQZ (4) toFP 
Output Enable High to 
Output Hi-Z 

IGHAX tAH Output Enable H1gh to 
Address Transition 

Min 

2 

2 

2 

2 

2 

0.95 

2.85 

2 

2 

0 

0 

Notes: 1. Vee must be applied Simultaneously w1th or before Vpp and removed Simultaneously or after Vpp. 
2 The lmtial Program Pulse w1dth tolerance IS 1 ms ± 5%. 

Max Unit 

±10 !!A 

100 rnA 

50 mA 

0.8 v 
Vee+ 1 v 

0.45 v 
v 

12.5 v 

Max Unit 

!!S 

I!S 

liS 

liS 

I!S 

1.05 ms 

78.75 ms 

liS 

liS 

150 ns 

130 ns 

ns 

3. The length of the Over-program Pulse varies from 2.85 ms to 78.95 ms, dependmg on the mult1phcat1on value of the iteration counter. 
4 This parameter is sampled only and not 100% tested 
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226 



M27128A 

Figure 6. Programming and Verify Modes AC Waveforms 

AO-A13 ==:! VALID 

~tAVPL~ 
I 

DATA IN 1\ DATA OUT 

tOVPL-. ' tPHOX I I 

00-07 

I 
-tcLovr-

::1 \VPHPL I - \GHQZ 

l 
\GHAX4 ::1 tVeHPL -I 

FtELPL-. 

\...._____} r- \QXGL .. _ -tPLPH 1--

I 

!-------PROGRAM---...:----- VERIFY ---! 

Figure 7. Programming Flowchart 

Vee = 6V, Vpp = 12.5V 

Vee = 5V, Vpp = 5V 

Check all bytes 
VA00775 

VAD0772 

DEVICE OPERATION (cont'd) 

continually monitored to determine when it has 
been successfully programmed. A flowchart of the 
M27128A Fast Programming Algorithm is shown 
on the last page. The Fast Programming Algorithm 
utilizes two different pulse types: initial and over­
program. 

The duration of the initial P pulse(s) is 1 ms, which 
will then be followed by a longer overprogram pulse 
of length 3ms by n (n is equal to the number of the 
initial one millisecond pulses applied to a particular 
M27128A location), before a correct verify occurs. 
Up to 25 one-millisecond pulses per byte are pro­
vided for before the over program pulse is applied. 

The entire sequence of program pulses and byte 
verifications is performed at Vee = 6V and Vpp = 
12.5V. When the Fast Programming cycle has been 
completed, all bytes should be compared to the 
original data with Vee = 5 and Vpp = 5V. 

Program Inhibit 

Programming of multiple M27128A's in parallel with 
different data is also easily accomplished. Except 
for E, all like inputs (including G) of the parallel 
M27128A may be co_l!lmon. A TTL low pulse ap­
plied to a M27128A's E input, with Vff = 12.5V, will 
program that M27128A. A high level E input inhibits 
the other M27128As from being programmed. 

~ SGS·THOMSON 7/8 --------------._...,I i:iiU::o]@ffi~~u::m©~Jc~ _____________ :..:...::. 
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Program Verify 

A verify should be performed on the programmed 
bits to determine that they were correc!!Y pro­
g_ramme.Q_. The verify is accomplished with G = V1L, 
E = V1L, P = V1H and Vpp at 12.5V. 

Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the25°C ±soc ambient 
temperature range that is required when program­
ming the M27128A. 

To activate this mode, the programming equipment 
must force 11.5V to 12.5Von address line A9 of the 
M27128A. Two identifier bytes may then be se­
quenced from the device outputs by toggling ad­
dress line AO from V1L to V1H. All other address lines 
must be held at V1L during Electronic Signature 
mode. Byte 0 (AO = ViL) represents the manufac­
turer code and byte 1 (AO = ViH) the device identifier 
code. For the SGS-THOMSON M27128A, these 
two identifier bytes are given below. 

ORDERING INFORMATION 

Example: M27128A -2 F 1 

Speed and Vee Tolerance 

-2 200 ns, SV ±5% F 

blank 250 ns, 5V ± 5% 

-3 300 ns, 5V ± 5% 

-4 450 ns, 5V ± 5% 

-20 200 ns, 5V ± 10% 

-25 250 ns, 5V ± 10% 

-30 300 ns, 5V ± 10% 

ERASURE OPERATION (applies to UV EPROM) 

The erasure characteristic of the M27128A is such 
that erasure begins when the cells are exposed to 
light w}th wavelengths shorter than approximately 
4000 A. It should be noted that sunlight and some 
type of fluor~scent lamps have wavelengths in the 
3000-4000 A range. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M27128A in about 3 years, while it 
would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the M27128A is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque labels be put over the M27128A window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M27128A is exposure to 
short wave ultraviolet light which has wavelength 
2537 A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm2. The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultravi­
olet lamp with 12000 11W/cm2 power rating. The 
M27128A should be placed within 2.5cm (1 inch) 
of the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which should be re­
moved before erasure. 

FDIP28W 

Temperature Range 

0 to 70 oc 
6 -40 to 85 oc 

For a list of available options of Speed, Vee Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you . 
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~ SGS·lltOMSON .. ., L [j('lj]O©lru@~[L~©li'lru©~D©~ M27256 

NMOS 256K (32K x 8) UV EPROM 

• FAST ACCESS TIME: 170ns 

• EXTENDED TEMPERATURE RANGE 

• SINGLE 5V SUPPLY VOLTAGE 

• LOW STANDBY CURRENT: 40mA max 

• TTL COMPATIBLE DURING READ AND 
PROGRAM 

• FAST PROGRAMMING ALGORITHM 

• ELECTRONIC SIGNATURE 

• PROGRAMMING VOLTAGE: 12V 

DESCRIPTION 

The M27256 is a 262,144 bit UV erasable and 
electrically programmable memory EPROM. It is 
organized as 32.768 words by 8 bits. 

The M27256 is housed in a 28 pin Window Ceramic 
Frit-Seal Dual-in-Line package. The transparent lid 
allows the usertoexpose the chip to ultraviolet light 
to erase the bit pattern. A new pattern can then be 
written to the device by following the programming 
procedure 

Table 1. Signal Names 

AO·A14 Address Inputs 

Q0-07 Data Outputs 

E Chip Enable 

8 Output Enable 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

March 1992 

FDIP28W (F) 

Figure 1. Logic Diagram 

Vee Vpp 

15 8 

AO-A14 Q0-07 

Vss 
VA00767 

1/8 
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Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto 70 oc 
grade 6 -40 to 85 

TsiAS Temperature Under Bias grade 1 -10 to 80 oc 
grade 6 -50to95 

Tsm Storage Temperature -65to 125 oc 
V1o Input or Output Voltages -0.6 to 6.25 v 
Vee Supply Voltage -0.6 to 6.25 v 
VAg VA9 Voltage -0.6 to 13.5 v 
Vpp Program Supply -0.6 to 14 v 

Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratmgs only and operation of the device at these or any other conditiOns above those 
1nd1cated 1n the Operatmg sect1ons of this spec1f1cat1on 1s not imphed. Exposure to Absolute Max1mum Rating conditions for extended periods 
may affect dev1ce rehabihty. Refer also to the SGS·THOMSON SURE Program and other relevant quahty documents. 

Figure 2. DIP Pin Connections 

Vpp 
A12 

A7 
A6 
AS 
A4 
A3 
A2 
A1 
AO 
00 
01 
02 

Vss 

L 
[ 

[ 

1 '-../ 

2 
3 
4 
5 
6 
7 

M27256 
8 
9 
10 
11 
12 
13 
14 

DEVICE OPERATION 

28 
27 
26 ] 

25 ] 
24] 
23 
22 
21 
20 
19 
18 
17 
16 ~ 
15 ~ 

VA00768 

Vee 
A14 
A13 
AS 
A9 
A11 
G 
A10 
E 
07 
06 
05 
04 
03 

The eight modes of operations of the M27256 are 
listed in the Operating Modes Table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL levels except for Vpp and 12V on A9 
for Electronic Signature. 

Read Mode 

The M27256 has two control functions, both of 
which must be logically satisfied in_prder to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen­
dent of device selection. Assuming that the ad­
dresses are stable, address access time (tAvov) is 
equal to the delay from E to output (tELov). Data.Jp 
available at the_putputs after the falling edge of G, 
assuming that E has been low and the addresses 
have been stable for at least tAvov·tGLov. 

Standby Mode 

The M27256 has a standby mode which reduces 
the maximum active power current from 1 OOmA to 
40mA. The M27256 is placed in the gandby mode 
by applying a TTL high signal to the E input. When 
in the standby mode, the outputs a.@ in a high 
impedance state, independent of the G input. 

Two Line Output Control 

Because EPROrv'ls are usually used in larger mem­
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

=2/.::..8 ___________ ~ ~~@~~~~ -------------
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DEVICE OPERATION (cont'd) 

For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. 

This ensures that all deselected memory devices 
are in their low power standby mode and that the 
output pins are only active when data is required 
from a particular memory device. 

System Considerations 

The power switching characteristics of fast 
EPROMs require careful decoupling of the devices. 
The supply current, Icc, has three segments that 
are of interest to the system designer: the standby 
current level, the active current level, and transient 
current peaks that are produced by the falling and 
rising edges of E. The magnitude of the transient 
current peaks is dependent on the capacitive and 
inductive loading of the device at the output. The 
associated transient voltage peaks can be sup­
pressed by complying with the two line output 
control and by properly selected decoupling capac­
itors. It is recommended that a 1 !J.F ceramic capac­
itor be used on every device between Vee and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7!J.F bulk 
electrolytic capacitors should be used between Vee 
and Vss for every eight devices. The bulk capacitor 

Table 3. Operating Modes 

Mode E G 

Read v,L V1L 

Output Disable v,L V1H 

Program V1L Pulse VJH 

Verify VJH VJL 

Optional Verify VJL v,L 

Program Inhibit v,H v,H 

Standby VJH X 

Electronic Signature VJL VJL 

Notes: X= v,H or v,L, v,o = 12V ± 0.5%. 

Table 4. Electronic Signature 

Identifier AO 07 06 as 
Manufacturer's Code v,L 0 0 1 

Device Code v,H 0 0 0 

M27256 

should be located near the power supply connec­
tion point. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 

Programmain 

When delivered, (and after each erasure for UV 
EPROM), all bits of the M27256 are in the "1 "state. 
Data is introduced by selectively programming "Os" 
into the desired bit locations. Although only "Os" will 
be programmed, both "1 s" and "Os" can be present 
in the data word. The only way to change a "0" to 
a "1" is by ultraviolet light erasure. The M27256 is 
in the programming mode when Vpp input is at 
12.5V and E is at TTL low. The data to be pro­
grammed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and 
data inputs are TTL. 

Fast Programming Algorithm 

Fast Programming Algorithm rapidly programs 
M27256 EPROMs using an efficient and reliable 
method suited to the production programming en­
vironment. Programming reliability is also ensured 
as the incremental program margin of each byte is 
continually monitored to determine when it has 
been successfully programmed. A flowchart of the 
M27256 Fast Programming Algorithm is shown on 
the Flowchart. The Fast Programming Algorithm 
utilizes two different pulse types : init!._al and over­
program. The duration of the initial E pulse(s) is 
1 ms, which will then be followed by a longer over­
program pulse of length 3ns by n (n is equal to the 
number of the initial one millisecond pulses applied 

A9 Vpp 00-07 

X Vee Data Out 

X Vee H1-Z 

X Vpp Data In 

X Vpp Data Out 

X Vpp Data Out 

X Vpp Hi-Z 

X Vee H1-Z 

VJD Vee Codes 

04 03 02 01 QO Hex Data 

0 0 0 0 0 20h 

0 0 1 0 0 04h 

--------------~ ~~~@!HW~lf~Y~~ -------------3-18 
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

,; 20ns 

0.45V to 2.4 V 

Input and Output Timing Ref. Voltages O.BV to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 
~2.0V 

~0.8V 
0.45V 

VA00827 

Table 5. Capacitance (TA = 25 oc, f = 1 MHz) 

Symbol Parameter 

CIN Input Capacitance 

CouT Output Capacitance 

Note: This parameter is sampled only and not tested 1 00%. 

Figure 5. Read Mode AC Waveforms 

AO-A14 

G 

QO-Q7 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

1.3V 

CL 1nclude5 JIG capacitance 

Test Condition Min Max 

VIN = ov 6 

VouT = OV 12 

tAXQX -t--~-

Hi-Z 
DATA OUT 

VA00758 

OUT 

VA00828 

Unit 

pF 

pF 
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Table 6. Read Mode DC Characteristics <1> 
(TA = 0 to 70 °C or-40 to 85 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current 0:5V!N:5Vcc 

ILO Output Leakage Current Vour= Vee 

Icc Supply Current E = VJL, G = VJL 

lcc1 Supply Current (Standby) E=VIH 
lpp Program Current Vpp =Vee 

VJL Input Low Voltage -0.1 

V1H Input High Voltage 2 

VoL Output Low Voltage loL=2.1mA 

VoH Output High Voltage loH = -400JlA 2.4 

Notes: 1. Vee must be applied simultaneously w1th or before Vpp and removed Simultaneously or after Vpp. 

Table 7 A. Read Mode AC Characteristics <1> 
(TA = 0 to 70 oc or -40 to 85 °C; Vee= 5V ± 5% or 5V ± 1 0%; Vpp =Vee) 

Test 
M27256 

Symbol All Parameter Condition -1 -2,-20 
Min Max Min Max 

tAVOV tAce Address Valid to I;_= V!L, 170 200 Output Valid G =VJL 

IELQV Chip Enable Low -
leE to Output Valid G =VJL 170 200 

IGLQV toE Output Enable E=VIL 70 75 Low to Output Valid 

tEHOZ(2) Chip Enable High -
toF to Output Hi-Z G =VIL 0 35 0 55 

IGHOZ (2) I oF Output Enable E=VJL 0 35 0 55 High to Output Hi-Z 

tAX OX toH 
Address Transition E..= V1L. 0 0 to Output Transition G =VIL 

Table 78. Read Mode AC Characteristics <1> 
(TA = 0 to 70 °C or-40 to 85 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

Test 
M27256 

Symbol A It Parameter Condition -3 

Min Max Min 

IAVQV lAce 
Address Valid to I;_= VJL, 300 Output Valid G=VJL 

IELQV teE Chip Enable Low G=VJL 300 to Output Valid 

Output Enable -
120 IGLQV toE Low to Output Valid E=V!L, 

tEHOZ(2) 
Chip Enable High -

!oF to Output Hi-Z G=VJL 0 105 0 

IGHQZ (2) !oF Output Enable E=VJL 0 105 0 High to Output Hi-Z 

IAXQX loH Address Transition I;_= VJL, 0 0 to Output Transition G=VJL 

Notes: 1. Vee must be applied Simultaneously With or before Vpp and removed Simultaneously or after Vpp. 

2 Th1s parameter 1s sampled only and not 100% tested. 

M27256 

Max Unit 

±10 ~A 

+10 uA 
100 mA 

40 rnA 

5 rnA 

0.8 v 
Vee+ 1 v 

0.45 v 
v 

blank, -25 Unit 

Min Max 

250 ns 

250 ns 

100 ns 

0 60 ns 

0 60 ns 

0 ns 

-4 Unit 

Max 

450 ns 

450 ns 

150 ns 

130 ns 

130 ns 

ns 
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Table 8. Programming Mode DC Characteristics <1> 
(TA = 25 oc; Vee= 6V ± 0.25V; Vpp = 12.5V ± 0.3V) 

Symbol Parameter Test Condition 

lu Input Leakage Current V1L ~ V1N ~ V1H 

Icc Supply Current 

lpp Program Current E=VIL 

V1L Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage loL=2.1mA 

VoH Output High Voltage loH=-400~tA 

v,o A9 Voltage 

Min 

-{).1 

2 

2.4 

11.5 

Notes. 1. Vee must be applied simultaneously with or before VPP and removed simultaneously or after Vpp. 

Table 9. Programming Mode AC Characteristics <1> 
(TA = 25 oc; Vee= 6V ± 0.25V; Vpp = 12.5V ± 0.3V) 

Symbol A It Parameter 

lA VEL lAS Address Valid to Chip Enable 
Low 

Ia VEL los Input Valid to Chip Enable Low 

IVPHEL tvps Vpp High to Chip Enable Low 

IVCHEL tvcs Vee H1gh to Chip Enable Low 

tELEH tpw Chip Enable Program Pulse 
Width (Initial) 

IELEH loPW 
Chip Enable Program Pulse 
Width (Overprogram) 

IEHQX loH 
Chip Enable High to Input 
Transition 

taxGL IcES 
Input Transition to Output 
Enable Low 

IGLQV IcE 
Output Enable Low to 
Output Valid 

IGHQZ (4) loFP 
Output Enable Low to 
Output Hi·Z 

IGHAX IAH Output Enable High to 
Address Transition 

Test Condition Min 

2 

2 

2 

2 

Note2 0.95 

Note3 2.85 

2 

2 

0 

0 

Notes. 1. Vee must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2 The lnit1al Program Pulse width tolerance is 1 ms ± 5%. 

Max Unit 

±10 !!A 

100 rnA 

50 rnA 

0.8 v 

Vee+ 1 v 

0.45 v 

v 

12.5 v 

Max Unit 

!!S 

!!S 

!!S 

!!S 

1.05 ms 

78.75 ms 

!!S 

!!S 

150 ns 

130 ns 

ns 

3. The length of the Over-program Pulse vanes from 2.85 ms to 78.95 ms, depending on the multiplication value of the 1terabon counter. 
4. This parameter is sampled only and not 100% tested . 
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Figure 6. Programming and Verify Modes AC Waveforms 

AO-A14 =x VALID 

!:tAVEL-.J 

Q0-07 DATA IN DATA OUT 

!=wvEL__. tEHQX -tGLQV ~ 
tVPHEL r- tGHQZ 

' 
__j ' 

' - tVCHEL ~ tGHAX : ·- ~ ' 
~ 

tQXGL ' 
' -tELEH -
' 
' 

--- PROGRAM ---+:""1-- VERIFY --! 

Figure 7. Programming Flowchart 

Vee = 6V, Vpp = 12 5V 

Vee = 5V, Vpp = 5V 

Check all bytes 

VA00774 

VA00759 

DEVICE OPERATION (cont'd) 

to a particular M27256 location), before a correct 
verify occurs. Up to 25 one-millisecond pulses per 
byte are provided for before the over program pulse 
is applied. The entire sequence of program pulses 
and byte verifications is performed at Vee= 6V and 
Vpp = 12.5V. 
When the Fast Programming cycle has been com­
pleted, all bytes should be compared to the original 
data with Vee= 5V and Vpp = 5V. 

Program Inhibit 

Programming of multiple M27256s in parallel with 
diffe_!'.ent data is also easily accoJ!lplished. Except 
for E, all like inputs (including G) of the parallel 
M27256 may be ~mmon. A TTL low pulse applied 
to a M27256's E input, with Vpp = 12.5V, will 
program that M27256. A high level E input inhibits 
the other M27256s from being programmed. 

Program Verify 
A verify should be performed on the programmed 
bits to determine that they were correc!!Y pro­
grammed. The verify is accomplished with E = V1L, 
G = V1H and Vpp = 12.5V. 

Optional Verify 
The optional verify may be perform~d insteaQ of the 
verify mode. It is performed with G = V1L, E = ,Y1L 
(as opposed to the standard verify which has E = 

-------------liii ~~m~t'iW~l! ---------------'7-'-'-'8 
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DEVICE OPERATION (cont'd) 

ViH), and Vpp = 12.5V. The outputs will b~n a Hi-z 
state according to the signal presented tQ_ G. There­
fore, all devices with Vpp = 12.5V and G =_.YIL will 
present data on the bus independent of the Estate. 
When parallel programming several devices which 
share the common bus, Vpp should be lowered to 
Vee (6V) and the normal read mode used to exe­
cute a program verify. 

Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment fort he 
purpose of automatically matching the device to be 
programmed with its corresponding programming 
algorithm. This mode is functional in the 25°C ±soc 
ambient temperature range that is required when 
programming the M27256. To activate this mode, 
the programming equipment must force 11.5V to 
12.5V on address line A9 of the M27256. Two 
identifier bytes may then be sequenced from the 
device outputs by toggling address line AO from V1L 
to V1H. All other address lines must be held at V1L 
during Electronic Signature mode. By1e 0 (AO = ViL) 
represents the manufacturer code and by1e 1 (AO 
= ViH) the device identifier code. For the SGS-

ORDERING INFORMATION 

THOMSON M27256, these two identifier bytes are 
given below. 

ERASURE OPERATION (applies to UV EPROM) 

The erasure characteristic of the M27256 is such 
that erasure begins when the cells are exposed to 
light with wavelengths shorter than approximately 
4000 A. It should be noted that sunlight and some 
type of fluor!'lscent lamps have wavelengths in the 
3000-4000 A range. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M27256 in about 3 years, while it 
would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the M27256 is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque !abies be put over the M27256 window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M27256 is exposure to 
short wave ultraviolet light which has wavelength 
2537 A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm2. The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultravi­
olet lamp with 12000 ',1W/cm2 power rating. The 
M27256 should be placed within 2.5cm (1 inch) of 
the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which should be re­
moved before erasure. 

Example: M27256 -1 F 1 

Speed and Vee Tolerance Temperature Range 

-1 170 ns, 5V ±5% F Oto7oac 

-2 200 ns, 5V ±5% 6 -40 to 85 ac 

blank 250 ns, 5V ±5% 

-3 300 ns, 5V ±5% 

-4 400 ns, 5V ±5% 

-20 200 ns, 5V ±1 0% 

-25 250 ns, 5V ±1 0% 

For a list of available options of Speed, Vee Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

~8/~8__________________________ ~ ~~~©~2~~~9~~ -----------------------------
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NMOS 512K (64K x 8) UV EPROM 

• FAST ACCESS TIME: 200ns 

• EXTENDED TEMPERATURE RANGE 

• SINGLE 5V SUPPLY VOLTAGE 

• LOW STANDBY CURRENT: 40mA max 

• TTL COMPATIBLE DURING READ AND 
PROGRAM 

• FAST PROGRAMMING ALGORITHM 

• ELECTRONIC SIGNATURE 

• PROGRAMMING VOLTAGE: 12V 

DESCRIPTION 

The M27512 is a 524,288 bit UV erasable and 
electrically programmable memory EPROM. It is 
organized as 65,536 words by 8 bits. 

The M27512 is housed in a 28 Pin Window Ceramic 
Frit-Seal Dual-in-Line package. The transparent lid 
allows the user to expose the chip to ultraviolet light 
to erase the bit pattern. A new pattern can then be 
written to the device by following the programming 
procedure. 

Table 1. Signal Names 

AO-A15 Address Inputs 

Q0-07 Data Outputs 

E Chip Enable 

-
GVpp Output Enable I Program Supply 

Vee Supply Voltage 

Vss Ground 

March 1992 

FDIP28W (F) 

Figure 1. Logic Diagram 

Vee 

16 8 

AO-A15 Q0-07 

M27512 

E 

GVpp 

Vss 
VA00765 

1/9 
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M27512 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature Grade 1 Oto 70 oc 
Grade6 -40to85 

Ts1As Temperature Under Bias Grade 1 -10 to 80 oc 
Grade6 -50 to 95 

TsTG Storage Temperature -65 to 125 oc 
V1o Input or Output Voltages -o.6to6.5 v 
Vee Supply Voltage -D.6 to 6.5 v 
VAg A9 Voltage -D.6 to 13.5 v 
Vpp Program Supply -Q.6to 14 v 

Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the devtce. These are stress ratings only and operation of the device at these or any other condttions above those 
indicated m the Operating secltons of th1s spectftcatton 1s not implred. Exposure to Absolute Maximum Rating condttions for extended pen ads 
may affect device relrabilrty. Refer also to the SGS· THOMSON SURE Program and other relevant qualrty documents 

Figure 2. DIP Pin Connections 

A15 [ 1 '-.../ 28 Vee 
A12 [ 2 27 A14 

A7 [ 3 26 A13 
A6 [ 4 25 AS 
AS [ 5 24 A9 
A4 6 23 A11 
A3 7 

M27512 
22 ~ GVpp 

A2 8 21 p A10 
A1 9 20 ~E 
AO 10 19 p 07 
00 11 18 ~ 06 
Q1 12 17 ~ 05 
02 13 16 ~ 04 

Vss 14 15 ~ Q3 
VA00766 

DEVICE OPERATION 

The six modes of operations of the M27512 are 
listed in the Operating Modes table. A single 5V 
power supply is required in the read mode. All 
inputs are TIL levels except for GVpp and 12V on 
A9 for Electronic Signature. 

Read Mode 

The M27512 has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen­
dent of device selection. Assuming that the ad­
dresses are stable, add@ss access time (tAvov) is 
equal to the delay from E to output (tELav). Data is 
available at the o~puts after delay_ of tGLOV from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 

Standby Mode 

The M27512 has a standby mode which reduces 
the maximum active power current from 125mA to 
40mA. The M27512 is placed in the gandby mode 
by applying a TIL high signal to the E input. When 
in the standby mode, the outputs are in a high 
impedance state, independent of the GVpp input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem­
ory arrays, the product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

=2/.:::_9 ____________ /:.V ~~m~~~~~14 ____________ _ 
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DEVICE OPERATION (cont'd) 

For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while GVpp should be 
made a common connection to all devices in the 
array and connected to the READ line from the 
system control bus. This ensures that all dese­
lected memory devices are in their low power 
standby mode and that the output pins are only 
active when data is required from a particular mem­
ory device. 

System Considerations 
The power switching characteristics of fast 
EPROMs require careful decoupling of the devices 
The supply current, Icc, has three segments that 
are of interest to the system designer :the standby 
current level, the active current level, and transient 
current peaks th_gt are produced by the falling and 
rising edges of E. The magnitude of the transient 
current peaks is dependent on the capacitive and 
inductive loading of the device at the output. The 
associated transient voltage peaks can be sup­
pressed by complying with the two line output 
control and by properly selected decoupling capac­
itors. It is recommenced that a 111F ceramic capac­
itor be used on every device between Vee and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7f.lF bulk 
electrolytic capacitor should be used between Vee 
and Vss for every eight devices. The bulk capacitor 

Table 3. Operating Modes 

Mode E 

Read VrL 

Output Disable VrL 

Program VrL Pulse 

Verify VrH 

Program Inhibit VrH 

Standby VrH 

Electronic Signature VrL 

Notes: X= v,H or VIL, v,o = 12V ± 0.5%. 

Table 4_ Electronic Signature 

Identifier AD 07 06 05 

Manufacturer's Code VrL 0 0 1 

Device Code VrH 0 0 0 

M27512 

should be located near the power supply connec­
tion point. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 

Programming 

When delivered, and after each erasure, all bits of 
the M27512 are in the "1" state. Data is introduced 
by selectively programming "Os" into the desired bit 
locations. Although only "Os" will be programmed, 
both "1 s" and "Os" can be present in the data word. 
The only way to change a "0" to a "1 "is by ultraviolet 
light erasure._Jhe M27512 is in the progra_!!lming 
mode when GVpp input is at 12.5V and E is at 
TTL-low. The data to be programmed is applied 8 
bits in parallel to the data output pins. The levels 
required for the address and data inputs are TTL. 
The M27512 can use PRESTO Programming Algo­
rithm that drastically reduces the programming 
time (typically less than 50 seconds). Nevertheless 
to achieve compatibility with all programming 
equipment, the standard Fast Programming Algo­
rithm may also be used. 

Fast Programming Algorithm 

Fast Programming Algorithm rapidly programs 
M27512 EPROMs using an efficient and reliable 
method suited to the production programming en­
vironment. Programming reliability is also ensured 
as the incremental program margin of each byte is 
continually monitored to determine when it has 
been successfully programmed. A flowchart of the 
M27512 Fast Programming Algorithm is shown in 
Figure 8. 

GVpp A9 00-07 

VrL X Data Out 

VrH X Hi-Z 

Vpp X Data In 

VrL X Data Out 

Vpp X Hi-Z 

X X Hi-Z 

VrL Vro Codes 

04 03 02 01 00 Hex Data 

0 0 0 0 0 20h 

0 1 1 0 1 ODh 
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing Ref. Voltages 

,; 20ns 

0.45V to 2.4V 

O.BVto 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 
~2.0V 

~O.SV 
0.45V 

VA00827 

Table 5. Capacitance (TA = 25 ac, f = 1 MHz) 

Symbol Parameter 

c,N Input Capacitance 

CouT Output Capacitance 

Note: Th1s parameter IS sampled only and not tested 100%. 

Figure 5. Read Mode AC Waveforms 

G 

00-07 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 

TEST 

1.3V 

l1N914 
D 3.3KO 

CL Includes JIG copoc1tance 

Test Condition Min Max 

V1N = OV 6 

VouT = OV 12 

tAXOX _f-_ __,._ 

Hi-Z 

VA00735 

OUT 

VA00828 

Unit 

pF 

pF 
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Table 6. Read Mode DC Characteristics <1l 
(TA = 0 to 70 °C or-40 to 85 °C; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current OSV1NSVcc 

ILo Output Leakage Current Vour= Vee 

Icc Supply Current E = V1L, G = V1L 

lcc1 Supply Current {Standby) E=VIH 

V1L Input Low Voltage -Q.1 

v1H Input High Voltage 2 

VoL Output Low Voltage loL = 2.1mA 

VoH Output High Voltage loH =-4001J.A 2.4 

Note: 1. Vee must be applied simultaneously w1th or before VPP and removed simultaneously or after Vpp, 

Table 7. Read Mode AC Characteristics <1l 
(TA = 0 to 70 oc or -40 to 85 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

M27512 
Test Symbol All Parameter Condition ·2, ·20 blank,-25 

Min Max Min 

IAVQV lAce Address Valid to Output Valid E...= V1L, 200 G=VIL 

IELQV leE Chip Enable Low to Output Valid G=VIL 200 

IGLOV toE Output Enable Low to Output Valid E=VIL 75 

IEHOZ (2) loF Chip Enable High to Output Hi-Z G=VIL 0 55 0 

IGHQZ (2) loF Output Enable High to Output Hi-Z E=VIL 0 55 0 

IAXQX toH Address Transition to Output E...= V1L, 0 0 Transition G=VIL 

Notes: 1 Vee must be applied Simultaneously w1th or before VPP and removed Simultaneously or after Vpp, 
2 This parameter is sampled only and not 100% tested. 

Table 8. Programming Mode DC Characteristics <1l 
(TA = 25 °C; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol Parameter Test Condition 

lu Input Leakage Current V1L S V1N S V1H 

Icc Supply Current 

lpp Program Current E=VIL 

v1L Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage loL = 2.1mA 

VoH Output High Voltage loH = -400IJ.A 

V1o A9Voltage 

Min 

-Q.1 

2 

2.4 

11.5 

Note: 1. Vee must be appl1ed simultaneously with or before Vpp and removed simultaneously or after v ••. 

Max 

250 

250 

100 

60 

60 

Max 

±10 

150 

50 

0.8 

Vee+ 1 

0.45 

12.5 

M27512 

Max Unit 

±10 !!A 

±10 !!A 
125 rnA 

40 rnA 

0.8 v 

Vee+ 1 v 

0.45 v 

v 

-3 Unit 

Min Max 

300 ns 

300 ns 

120 ns 

0 105 ns 

0 105 ns 

0 ns 

Unit 

!!A 
mA 

mA 

v 

v 

v 

v 

v 
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Table 9. MARGIN MODE AC Characteristics 111 
(TA = 25 °C; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol All Parameter Test Condition Min 

IA9HVPH IAS9 VA9 High to Vpp High 2 

IVPHEL tvps Vpp High to Chip Enable Low 2 

IA10HEH IAS10 VA10 High to Chip Enable 1 High (Set) 

IA10LEH IAS10 
VA10 Low to Chip Enable High 1 (Reset) 

IEXA10X IAH10 
Chip Enable Transition to 1 VA10 Transition 

IEXVPX IVPH 
Chip Enable Transition to Vpp 2 Transition 

IVPXA9X IAH9 
Vpp Transition to VA9 2 Transition 

Note: 1. Vee must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 

Table 10. Programming Mode AC Characteristics 111 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol All Parameter Test Condition 

lA VEL lAs Address Valid to Chip Enable 
Low 

Ia veL los Input Valid to Chip Enable Low 

tveHEL tves Vee High to Chip Enable Low 

IVPHEL toes Vpp High to Chip Enable Low 

tvPLVPH tPRT VPP Rise Time 

IELEH lpw Chip Enable Program Pulse Note2 Width (Initial) 

teLEH topw Chip Enable Program Pulse Note3 Width (Overprogram) 

IEHOX loH Chip Enable High to Input 
Transition 

IEHVPX loeH 
Chip Enable High to Vpp 
Transition 

IVPLEL lvR VPP Low to Chip Enable Low 

IELOV lov Chip Enable Low to Output 
Valid 

IEHQZ(4I I oF Chip Enable High to Output Hi-
z 

IEHAX IAH Chip Enable High to Address 
Transition 

Min 

2 

2 

2 

2 

50 

0.95 

2.85 

2 

2 

2 

0 

0 

Notes. 1. Vee must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. The Initial Program Pulse width tolerance is 1 ms ± 5%. 

Max Unit 

IJS 

IJS 

IJS 

IJS 

IJS 

IJS 

IJS 

Max Unit 

IJS 

IJS 

IJS 

IJS 
ns 

1.05 ms 

78.75 ms 

IJS 

IJS 

IJS 

1 IJS 

130 ns 

ns 

3. The length of the Over-program Pulse varies from 2.85 ms to 78.95 ms, depending on the muHiplication value of the iteration counter. 
4. This parameter Is sampled only and not 100% tested. 
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Figure 6. MARGIN MODE AC Waveform 

Vee 

AS 

A9 I tA9HVPH -tVPXA9X 
I 

GVpp 

tVPHEL L - tEXVPX 1-

1 
\A10HEH 

A10 Set 
~ 1-' 

r-- f----.. 
A10 Rese t 

\A10LEH 
VA00736 

Figure 7. Programming and Verify Modes AC Waveforms 

AO-A15 ~ 
X 

VALID 

tAVEL-j I tEHA 

Q0-07 DATA IN \1 DATA OUT -
1 tQVEL_. tEHQX tEH QZ 

tELQV : 
' 

tVCHEL __. tEHVPX 
-
GVpp __/ 

+tVPHEL_. f--tVPLEL- : 

~~ 
' 
' - ' : 

E 

' ,._ ___ PROGRAM -----1~- VERIFY -------..; 

' 
VA00737 
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Figure 8. Fast Programming Flowchart 

Vee = 6V, Vpp = 12.5V 

Vee = 5V, Vpp = 5V 

Check all bytes 

DEVICE OPERATION (cont'd) 

VA00774 

The Fast Programming Algorithm utilizes two differ­
ent pulse types : l!!itial and overprogra_m. T~e du­
ration of the initial E pulse(s) is 1 ms, wh1ch w1ll then 
be followed by a longer overprogram pul~e of length 
3ns by n (n is an iteration counter and IS equal to 
the number of the initial one millisecond pulses 
applied to a particular M27512 location),_ ~efore a 
correct verify occurs. Up to 25 one-millisecond 
pulses per byte are provided for before the over 
program pulse is applied. . 
The entire sequence ot_program pulses IS per­
formed at Vee= 6V and GVpp = 12.5V (byte verifi­
cations at Vee= 6V andGVpp = ViL). When the Fast 
Programming cycle has been completed, all bytes 
should be compared to the original data with 
Vee= 5V. 

PRESTO Programming Algorithm 

PRESTO Programming Algorithm allows to pro­
gram the whole array with a guaranted margin, in 
a typical time of less than 50 seconds (to be_ com­
pared with 283 seconds for the Fast algonthm). 
This can be achieved with the SGS-THOMSON 
M27512 due to several design innovations de­
scribed in the next paragraph that improves pro­
gramming efficiency and brings adequate margin 

Figure 9. PRESTO Programming Flowchart 

Vee = 6.25V, Vpp = 12.75V 

SET MARGIN MODE 

RESET MARGIN MODE 

Vee = 5V, Vpp = 5V, Check all bytes 
VA00773 

for reliability. Before starting the programming the 
internal MARGIN MODE circuit is set in order to 
guarantee that each cell is programmed with 
enough margin. 
Then a sequence of 500J.1S program pulses are 
applied to each byte until a correct verify occurs. 
No overprogram pulses are applied since the verify 
in MARGIN MODE provides the necessary margin 
to each programmed cell. 

Program Inhibit 

Programming of multiple M27512s in parallel with 
different data is also easily aQ2omplished. Except 
forE, all like inputs (including GVpp) of the parallel 
M27512 may be com!!:fon. A TTL [Qw level pulse 
applied to a M27512's E input, with GVpp a!_12.5V, 
will program that M27512. A high level E input 
inhibits the other M27512s from being pro­
grammed. 

Program Verify 

A verify (read) should be performed on the pro­
grammed bits to determine that they were cor~ctly 
programmed. The verify is accomplished with GVpp 
and E at v,L. Data should be verified tov after the 
falling edge of E. 

::::81~9 ____________ /Iii ~i®mml~~©~ --------------
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Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25 oc ± 5 oc ambient 
temperature range that is required when program­
ming the M27512. To activate this mode, the pro­
gramming equipment must force 11.5V to 12.5V on 
address line A9 of the M27512. Two identifier bytes 
may then be sequenced from the device outputs by 
toggling address line AO from VJL to VJH. All other 
address lines must be held at VJL during Electronic 
Signature mode, except for A14 and A15 which 
should be high. Byte 0 (AO = VJL) represents the 
manufacturer code and byte 1 (AO = VJH) the device 
identifier code. 

ERASURE OPERATION (applies to UV EPROM) 

The erasure characteristic of the M27512 is such 
that erasure begins when the cells are exposed to 

ORDERING INFORMATION 

Example: M27512 -2 F 1 

Speed and Vee Tolerance 

-2 200 ns, 5V ±5% 

blank 250 ns, 5V ±5% 

-3 300 ns, 5V ±5% 

-20 200 ns, 5V ±1 0% 

-25 250 ns, 5V ±10% 

M27512 

light with wavelengths shorter than approximately 
4000 A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000 A range. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M27512 in about 3 years, while it 
would take approximately 1 week to cause erasure 
when expose to direct sunlight. If the M27512 is to 
be exposed to these types of lighting conditions for 
extended periods of time, it is suggested that 
opaque labels be put over the M27512 window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M27512 is exposure to 
short wave ultraviolet light which has wavelength 
2537 A. 
The integrated dose (i.e. UV intensity x exposure 
time) for erasure should be a minimum of 15 
W-sec/cm2• The erasure time with this dosage is 
approximately 15 to 20 minutes using an ultraviolet 
lamp with 12000 J..LW/cm2 power rating. The 
M27512 should be placed within 2.5 em (1 inch) of 
the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which should be 
removed before erasure. 

Temperature Range 

1 o to 70 oc 
6 -40 to 85 oc 

For a list of available options of Speed Vee Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the ~urrent Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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M28F256 

CMOS 256K (32K x 8) FLASH MEMORY 

• FAST ACCESS TIME: 100ns 

• 1 ,000 ERASE/PROGRAM CYCLES 

• 12V PROGRAMMING VOLTAGE 

• TYPICAL BYTE PROGRAMMING TIME 100!!S 
(PRESTO F PROGRAMMING) 

• ELECTRICAL CHIP ERASE IN 1 s RANGE 

DESCRIPTION 

The M28F256 FLASH MEMORY is a non-volatile 
memory which may be erased electrically at the 
chip level and programmed byte-by-byte. It is or­
ganised as 32K bytes of 8 bits. It uses a command 
register architecture to select the operating modes 
and thus provides a simple microprocessor inter­
face. The M28F256 FLASH MEMORY is suitable 
for applications where the memory has to be repro­
grammed in the equipment. The access time of 
1 DOns makes the device suitable for use in high 
speed microprocessor systems. 

Table 1. Signal Names 

AO-A14 Address Inputs 

DQO-DQ7 Data Inputs I Outputs 

E Chip Enable 

G Output Enable 

w Write Enable 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

May 1992 

PDIP32 (P) PLCC32 (K) 

Figure 1. Logic Diagram 

Vee Vpp 

15 8 

AO-A14 DQO-DQ7 

w M28F256 

E 

Vss 
VA00688 

1/15 
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M28F256 

Figure 2A. DIP Pin Connections 

Vpp 
NC 
Ne 

A12 
A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 

000 
001 
002 
Vss 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

\.J 32 
31 
30 
29 
28 
27 
26 
25 

M28F256 24 

23 
22 
21 
20 
19 
18 
17 

VA00689 

Vee 
w 
Ne 
A14 
A13 
A8 
A9 
A11 
G 
A10 
E 
007 
006 
005 
004 
003 

Warning: NC =No Connection 

Table 2. Absolute Maximum Ratings 

Symbol Parameter 

TA Ambient Operating Temperature 

Tsm Storage Temperature 

V1o Input or Output Voltages 

Vee Supply Voltage 

VAs A9 Voltage 

Vpp Program Supply Voltage, during Erase 
or Programming 

Figure 28. LCC Pin Connections 

A? 

A6 

A5 
A4[ 

A3 [ 9 
A2 [ 

Al [ 

AO [ 

DQO [ 

~uu&~ o 
,::;~~.:;.:;~~ 

(i) 32 

M28F256 

17 

]A14 

]A13 

]AB 

A9 

25 A11 
G 

A10 

E 

DQ7 

VA00690 

Warmng: NC = No Connection 

Value Unit 

grade 1 Oto 70 
grade 3 -40 to 125 oc 
grade 6 -40 to 85 

-65 to 150 oc 
-o.sto 7 v 
-o.6to 7 v 
-0.6to 13.5 v 

-o.Sto 14 v 

Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device These are stress ratings only and operabon of the device at these or any other cond1t1ons above those 
1nd1cated 1n the Opera!Jng sections of thiS speCification is not Implied. Exposure to Absolute Maximum Rating cond1t1ons for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

DEVICE OPERATION 

The M28F256 FLASH MEMORY employs a tech­
nology similar to a 256K EPROM but adds to the 
device functionality by providing electrical erasure 
and programming. These functions are managed 
by a command register. The functions that are 
addressed via the command register depend on 
the voltage applied to the Vpp, program voltage, 

input. When Vpp is less than or equal to 6.5V, the 
command register is disabled and M28F256 func­
tions as a read only memory providing operating 
modes similar to an EPROM (Read, Output Dis­
able, Electronic Signature Read and Standby). 
When Vpp is raised to 12V the command register 
is enabled and this provides, in addition, Erase and 
Program operations. 

:::.2/_;_15:;__ ___________ ~ ~~@m~~~ ____________ _ 
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READ ONLY MODES, Vpp s; 6.5V 

For all Read Only Modes, except Standby Mode, 
the Write Enable input W should be High. In the 
Standby Mode this input is 'don't care'. 

Read Mode. The M28F256 has two enable inputs, 
E and G, both of which must be Low in order to 
output data from the memory. The Chip Enable (E) 
is the power control and sh.Q.uld be used for device 
selection. Output Enable (G) is the output control 
and should be used to gate data on to the output, 
independant of the device selection. 

Standby Mode. In the Standby Mode the maxi­
mum supply current is reduced from 30mA to 
200!JA. The device is placed in the StandQ}' Mode 
by applying a High to the Chip Enable (E) input. 
When in the Standby Mode the outputs are in a high 
impedance state, independant of the Output En­
able (G) input. 

~tput Disable Mode. When the Output Enable 
(G) is High the outputs are in a high impedance 
state. 

Electronic Signature Mode. This mode allows the 
read out of two binary codes from the device which 
identify the manufacturer and device type. This 
mode is intended for use by programming equip­
ment to automatically select the correct erase and 
programming algorithms. The Electronic Signature 
Mode is active when a high volta_ge (11.,?V to 13V) 
is applied to address line A9 with E and G Low. With 
AO Low the output data is the manufacturer code, 
when AO is High the output is the device type code. 
All other address lines should be maintained Low 
while reading the codes. 

Table 3. Operations <1> 

Vpp Operation E 

Read Only VPPL Read V1L 

Output Disable VIL 

Standby V1H 

Electronic Signature VIL 

Read/Write (2) VPPH Read V1L 

Write ViL 

Output Disable V1L 

Standby V1H 

Note: 1. X= V1L or V1H 

2. Refer also to the Command Table 

M28F256 

READ/WRITE MODES, 11.4V s; Vpp s; 12.6V 

When Vpp is High both read and write operations 
may be performed. These are defined by the con­
tents of an internal command register. Commands 
may be written to this register to set-up and exe­
cute, Erase, Erase Verify, Program, Program Verify 
and Reset modes. Each of these modes needs 2 
cycles. Every mode starts with a write operation to 
set-up the command, this is followed by either read 
or write operations. The device expects the first 
cycle to be a write operation and does not corrupt 
data at any location in memory. Read mode is 
set-up with one cycle only and may be followed by 
any number of read operations to output data. 
Electronic Signature Read mode is set-up with one 
cycle and followed by a read cycle to output the 
manufacturer or device codes. 

~write to the Q_ommand register is made by_bringing 
W Low while E is Low. The falling edge of W latches 
Addresses, while the rising edge latches Data, 
which are used for those commands that require 
address inputs, command input or provide data 
output. 

When the device is powered up and when Vpp is s; 
6.5V the contents of the command register default 
to DOh, thus automatically setting-up Read opera­
tions. In addition a specific command may be used 
to set the command register to OOh for reading the 
memory. 

The system designer may chose to provide a con­
stant high Vpp and use the register commands for 
all operations, or to switch the Vpp from low to high 
only when needing to erase or program the mem­
ory. 

- -
G w A9 DQO- DQ7 

V1L V1H A9 Data Output 

VIH VIH X Hi·Z 

X X X Hi-Z 

VIL V1H V10 Codes 

V1L V1H A9 Data Output 

VIH V1L Pulse A9 Data Input 

V1H V1H X Hi-Z 

X X X Hi·Z 

--------------J:.V ~i~©mgm~~~~ ____________ ::::3'=15 
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Table 4. Electronic Signature 

Identifier AO DQ7 DQ6 DQ5 

Manufacturer's Code V1L 0 0 

Device Code V1H 1 0 

Table 5. Commands <1> 

Command Cycles 
1st Cycle 

Operation AO-A14 

Read 1 Write X 

Electronic 2 Wnte X Signature 

Setup Erase/ 
2 

Write X 

Erase 

Erase Verify 2 Write AO-A14 

Setup Program/ 
2 

Write X 

Program 

Program Verify 2 Write X 

Reset 2 Write X 

Note: 1. X= v,L or v,H 

READ/WRITE MODES (cont'd) 

If the device is deselected during Erasure, Pro­
gramming or Verification it will draw active supply 
currents until the operations are terminated. 

Read Mode. The Read Mode is the default at 
power up or may be set-up by writing DOh to the 
command register. Subsequent read operations 
output data from the memory. The memory remains 
in the Read Mode until a new command is written 
to the command register. 

Electronic Signature Mode. In order to select the 
correct erase and programming algorithms for on­
board programming, the manufacturer and devices 
code may be read directly. It is not neccessary to 
apply a high voltage to A9 when using the com­
mand register. The Electronic Signature Mode is 
set-up by writing 90h to the command register. The 
following read cycle, with address inputs OOOOh or 
0001 h, output the manufacturer or device type 
codes. The command is terminated by writing an­
other valid command to the command register (for 
example Reset). 

1 

1 

DQ4 DQ3 DQ2 DQ1 DQO Hex Data 

0 0 0 0 0 20h 

0 1 0 0 0 OABh 

2nd Cycle 

DQO-DQ7 Operation AO·A14 DQO-DQ7 

OOh 

90h 
Read OOOOh 20h 

Read 0001h DASh 

20h 

Write X 20h 

OAOh Read X Data Output 

40h 

Write AO-A14 Data Input 

OCOh Read X Data Output 

OFFh Write X OFFh 

Erase and Erase Verify Modes. The memory is 
erased by first Programming all bytes to DOh, the 
Erase command then erases them to OFFh. The 
Erase Verify command is then used to read the 
memory byte-by-byte for a content of OFFh. 
The Erase Mode is set-up by writing 20h to the 
command register. The write cycle is then repeated 
to start the erase operation. Erasure starts on the 
rising edge of W during this second cycle. Erase is 
followed by an Erase Verify which reads an ad­
dressed byte. 

Erase Verify Mode is set-up by writing OAOh to the 
command register and at the same time supplying 
the add~ss of the byte to be verified. The rising 
edge of W during the set-up of the first Erase Verify 
Mode stops the Erase operation. The following 
read cycle is made with an internally generated 
margin voltage applied, reading OFFh indicates 
that all bits of the addressed byte are fully erased. 
The whole contents of the memory are verified by 
repeating the Erase Verify Operation, first writing 
the set-up code OAOh with the address of the byte 
to be verified and then reading the byte contents in 
a second read cycle . 

..:;4,c..:.1=-s ____________ ~ ~~©IH~~~~ _____________ _ 
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READ/WRITE MODES (cont'd) 

As the Erase algorithm flow chart shows, when the 
data read during Erase Verify is not OFFh, another 
Erase operation is performed and verification con­
tinues from the address of the last verified byte. The 
command is terminated by writing another valid 
command to the command register (for example 
Program or Reset). 

Program and Program Verify Modes. The Pro­
gram Mode is set-up by writing 40h to the command 
register. This is followed by a second write cycle 
which latches the address and data Q!. the byte to 
be programmed. The rising edge of W during this 
second cycle starts the programming operation. 
Programming is followed by a Program Verify of the 
data written. 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing Ref. Voltages 

,;; 10ns 

0.45V to 2.4V 

0.8Vto2V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 
~2.0V 

~0.8V 
0.45V 

VAOOB27 

Table 6. Capacitance (T A = 25 oc, f = 1 MHz ) 

M28F256 

Program Verify Mode is set-up by writing_QCOh to 
the command register. The rising edge of W during 
the set-up of the Program Verify Mode stops the 
Programming operation. The following read cycle, 
of the address already latched during program­
ming, is made with an internally generated margin 
voltage applied, reading valid data indicates that all 
bits have been programmed. 

Reset Mode. This command is used to safely abort 
Erase or Program Modes. The Reset Mode is 
set-up and performed by writing twice OFFh to the 
command register. The command should be fol­
lowed by writing a valid command to the the com­
mand register (for example Read). 

Figure 4. AC Testing Load Circuit 

1.3V 

DEVICE 
UNDER 
TEST T CL=100pF 

CL includes JIG capacitance 

OUT 

VA00828 

Symbol Parameter Test Condition Min Max Unit 

GIN Input Capacitance V1N = OV 6 pF 

GouT Output Capacitance VouT= OV 12 pF 

Note: this parameter is sampled only and not tested! 00% 

--------------~Iii ~i©n&gml~~~ ____________ :::::5/..:..::;15 
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M28F256 

Table 7. DC Characteristics 
(TA = 0 to 70 oc, -40 to 85 °C or-40 to 125 oc; Vee= 5V ± 5% or 5V ± 10%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV ~ ViN ~Vee ±1 !lA 

ILO Output Leakage Current OV ~ VouT ~Vee ±10 !lA 

Icc Supply Current (Read) E = ViL. f = 5MHz 30 rnA 
-

lcct 
Supply Current (Standby) TTL E=ViH 1 rnA 

Supply Current (Standby) CMOS E= Vcc±0.2V 200 j.iA 

lcc2 '11 Supply Current (Programming) Dunng Programming 10 rnA 

lcc3 '11 Supply Current (Program Venfy) During Verify 30 rnA 

Icc• '11 Supply Current (Erase) Dunng Erasure 15 rnA 

Ices '11 Supply Current (Erase Verify) During Erase Verify 30 rnA 

ILPP Program Leakage Current Vpp~Vcc ±100 j.iA 

lpp Program Current (Read or Vpp >Vee 200 !lA 
Standby) 

Vpp ~Vee ±100 !lA 

IPP1(l) Program Current (Programming) Vpp = IJppH, During Programming 30 rnA 

IPP2(l) Program Current (Program Vpp = VPPH, During Verify 5 rnA Verify) 

lppa'11 Program Current (Erase) Vpp = VPPH, During Erase 30 rnA 

IPP4(l) Program Current (Erase Verify) Vpp = VPPH, During Erase Verify 5 rnA 

ViL Input Low Voltage -o.5 0.8 v 

ViH 
Input High Voltage TTL 2 Vee+ 0.5 v 
Input High Voltage CMOS 0.7Vcc Vee+ 0.5 v 

VoL Output Low Voltage loL= 2.1mA 0.45 v 
Output High Voltage TTL 10H=-2.5mA 2.4 v 

VoH loH=-100j.iA 4.1 v 
Output High Voltage CMOS 

loH = -1mA Vcc-o.a v 

VPPL 
Program Voltage (Read 

0 6.5 v Operations) 

VPPH Program Voltage (Read/Write 11.4 12.6 v Operations) 

Via Ag Voltage (Electronic Signature) 11.5 13 v 

ho '11 A9 Current (Electronic Signature) A9 = V10 500 !lA 

Note: 1. Not 100% Tested Characterisation Data available . 
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Table 8A. Read Only Mode AC Characteristics 
(TA = 0 to 70 °C, -40 to 85 °C, -40 to 125 oc; Vee= 5V ± 5% or 5V ± 1 0%; OV:; Vpp :; 6.5V) 

M28F256 

Symbol All Parameter Test Condition -10 -12 Unit 

Min Max Min Max 

IAVAV IRe Read Cycle Time E = VIL, G = VIL 100 120 ns 

IAVOV lAce Address Valid to Output Valid E = VIL, G = VIL 100 120 ns 

Chip Enable Low to Output -
IELOX !eEL Transition G=VIL 0 0 ns 

IELOV IcE Chip Enable Low to Output Valid G=VIL 100 120 ns 

Output Enable Low to Output -
IGLOX loEL Transition E = VIL 0 0 ns 

IGLOV toE Output Enable Low to Output Valid E = V1L 45 50 ns 

tEHOZ (') tcoF Chip Enable High to Output Hi-Z G= V1L 0 40 0 40 ns 

IGHOZ (1) I oF Output Enable High to Output Hi-Z E = VIL 0 30 0 30 ns 

Address Transition to Output - -
tAX OX toH Transition E = V1L, G = V1L 0 0 ns 

Note: 1 Sampled only. not 100% tested 

Table 88. Read Only Mode AC Characteristics 
((TA = 0 to 70 oc, -40 to 85 °C, -40 to 125 oc; Vee= 5V ± 5% or 5V + 10%; OV < Vpp < 6.5V) - - -

M28F256 
Symbol All Parameter Test Condition -15 -20 Unit 

Min Max Min Max 

tAVAV IRe Read Cycle T1me E = VIL, G = V1L 150 200 ns 

lAVOV lAce Address Valid to Output Valid E = V1L, G = V1L 150 200 ns 

Chip Enable Low to Output -
IELOX lcEL Transition G=VIL 0 0 ns 

IELOV IcE Chip Enable Low to Output Valid G= VIL 150 200 ns 

Output Enable Low to Output -
lGLOX toEL Transition E = VIL 0 0 ns 

tGLOV toE Output Enable Low to Output Valid E= VIL 55 60 ns 

tEHOZ(1) tcoF Chip Enable High to Output Hi-Z G =VIL 0 55 0 60 ns 

lGHOZ (1) I oF Output Enable High to Output Hi-Z E = VIL 0 35 0 40 ns 

Address Transition to Output - -
tAX OX toH Transition E = V1L, G = V1L 0 0 ns 

Note: 1. Sampled only, not 1 00% tested 

---------------------------- ~~~~;~~~~~~~~ ------------------------~7/~15 
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Figure 5. Read Mode AC Waveforms 

AO-A14 

----~i~r~~~====-t-AV_A_v ________ 1 ______ __ 
I= tAVQV-- 'I tAXQX 

f.- tELQV ____. ctEHOZ-

f.- \ELQX -

tGLQV { tGHQZ ___. 

tGLQX 

DQ0-007 DATA OUT 

VA00682 

Figure 6. Read Command Waveforms 

~-------- -------------------

AO-A14 ---~ VALID 

\AVQV tAXQX 

tEHQZ 

tGHQZ 

w 

tDVWH --l+----.14--*-- tWHDX 

000-007 COMMAND -------- ----ic-----{ DATA OUT 

' ' 
READ SET-UP-----.; :.------ READ ------..; 

' ' 

VA00683 
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Figure 7. Electronic Signature Command Waveforms 

Vpp 

AO-A14 

w 

DQO-DQ7 

1,-------------------------------------------

-~-__.,.,__*-_ tWHDX 

COMMAND --------------1----{DATA OUT 

:-- READ ELECTRONIC-----..: 
' SIGNATURE SET-UP ' 

~ READ -------..: 
' MANUFACTURER ' 

OR DEVICE 

tAXQX 

tEHQZ 

tGHQZ 

VA00684 
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Table 9A. Read/Write Mode AC Characteristics 
(TA = 0 to 70 ac, -40 to 85 oc or -40 to 125 oc; Vee = 5V ± 5% or 5V ± 1 0%; Vpp = 12V) 

M28F256A 

Symbol A It Parameter -10 -12 Unit 

Min Max Min Max 

tvPHEL Vpp High to Chip Enable Low 100 100 ns 

IWHWH3 I we Write Cycle Time 100 120 ns 

IAVWL lAs Address Valid to Write Enable Low 0 0 ns 

IWLAX IAH Write Enable Low to Address Trans1t1on 60 60 ns 

IELWL lcs Chip Enable Low to Write Enable Low 20 20 ns 

IGHWL Output Enable High to Wnte Enable Low 0 0 !lS 

tovwH los Input Valid to Write Enable High 50 50 ns 

IWLWH lwp Write Enable Low to Write Enable High (Write Pulse) 60 60 ns 

IELEH(2) Chip Enable Low to Chip Enable High (Write Pulse) 60 60 ns 

IWHDX loH Write Enable High to Input Transition 10 10 ns 

IWHWH1 Duration of Program Operation 95 105 95 105 !lS 

IWHWH2 Duration of Erase Operation 9.5 10.5 9.5 10.5 ms 

IWHEH lcH Write Enable High to Ch1p Enable High 0 0 ns 

IWHWL twPH Write Enable High to Wnte Enable Low 20 20 ns 

IWHGL Write Enable High to Output Enable Low 6 6 !lS 

IAVQV lAce Addess Valid to data Output 100 120 ns 

tELQX tcEL Chip Enable Low to Output Transition 0 0 ns 

IELQV IcE Chip Enable Low to Output Valid 100 120 ns 

IGLQX loEL Output Enable Low to Output Transition 0 0 ns 

IGLOV toE Output Enable Low to Output Valid 45 50 ns 

tEHOZ 111 tcoF Chip Enable High to Output Hi·Z 40 40 ns 

tGHOZ 111 toF Output Enable High to Output Hi-Z 30 30 ns 

IAXQX toH Address Transition to Output Transition 0 0 ns 

Notes: 1. Sampled only, not 1 00% tested _ _ 
2 A Wnte 1s enabled by a valid combination of Chip Enable (E) and Write Enable (W). When Wnte 1s controlled by Chip Enable 

(with a Chip Enable pulse w1dth smaller than Wnte Enable), all t1mings should be measured relat1ve to Ch1p Enable waveform. 

~10~/~15~----------------------- ~ ~~~@~~~:~~~~ -----------------------------
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Table 98. Read/Write Mode AC Characteristics 
(TA = 0 to 70 oc, -40 to 85 oc or-40 to 125 °C; Vee= 5V ± 5% or 5V ± 10%; Vpp= 12V) 

M28F256A 

Symbol All Parameter -15 -20 Unit 

Min Max Min Max 

IVPHEL Vpp High to Chip Enable Low 100 100 ns 

lwHWH3 twc Write Cycle Time 150 200 ns 

IAVWL lAs Address Valid to Write Enable Low 0 0 ns 

IWLAX IAH Wnte Enable Low to Address Transition 60 75 ns 

tELWL tcs Chip Enable Low to Write Enable Low 20 20 ns 

tGHWL Output Enable High to Write Enable Low 0 0 f!S 

tovwH tos Input Valid to Write Enable High 50 50 ns 

twLWH twp Write Enable Low to Write Enable High (Write Pulse) 60 60 ns 

IELEH(2) Chip Enable Low to Chip Enable High (Write Pulse) 60 60 ns 

twHDX loH Write Enable High to Input Transition 10 10 ns 

twHWH1 Duration of Program Operation 95 105 95 105 f!S 

twHWH2 Duration of Erase Operation 9.5 10.5 9.5 10.5 ms 

IWHEH tcH Write Enable High to Chip Enable High 0 0 ns 

tWHWL twPH Write Enable High to Write Enable Low 20 20 ns 

twHGL Write Enable High to Output Enable Low 6 6 f!S 

IAVQV lAce Addess Valid to data Output 150 200 ns 

IELQX !eEL Chip Enable Low to Output Transition 0 0 ns 

IELQV IcE Chip Enable Low to Output Valid 150 200 ns 

IGLQX loEL Output Enable Low to Output Transition 0 0 ns 

tGLQV toE Output Enable Low to Output Valid 55 60 ns 

tEHQZ (1) tcoF Chtp Enable High to Output Ht·Z 55 60 ns 

tGHQZ (1) toF Output Enable High to Output Hi·Z 35 40 ns 

tAXQX toH Address Transition to Output Transition 0 0 ns 

Notes: 1. Sampled only, not 100% tested _ _ 
2 A Write is enabled by a valid combination of Chip Enable (E) and Write Enable (W). When Wnte is controlled by Ch1p Enable 

(with a Chip Enable pulse width smaller than Wnte Enable), all t1mings should be measured relat1ve to Chip Enable waveform. 
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M28F256 

Figure 10. Erasing Flowchart 

Vpp = 12V 

READ COMMAND 

+ 
Vpp < 6.5V, PASS 

VA00692 

PRESTO F ERASE ALGORITHM 

The PRESTO F Erase Algorithm guarantees that 
the device will be erased in a reliable way. The 
algorithm first programs all bytes to DOh in order to 
ensure uniform erasure. The programming follows 
the Presto F Programming Algorithm (see below). 
Erase is set-up by writing 20h to the command 
register, the erasure is started by repeating this 
write cycle. Erase Verify is set-up by writing OAOh 
to the command register together with the address 
of the byte to be verified. The subsequent read 
cycle reads the data which is compared to OFFh. 
Erase Verify begins at address OOOOh and contin­
ues to the last address or until the comparison of 
the data to OFFh fails. If this occurs, the address of 
the last byte checked is stored and a new Erase 
operation performed. Erase Verify then continues 
from the address of the stored location. 

Figure 11. Programming Flowchart 

Vpp = 12V 

Vpp < 6.5V, PASS 
VA00691 

PRESTO F PROGRAM ALGORITHM 

The PRESTO F Programming Algorithm applies a 
series of 1 DOlls programming pulses to a byte until 
a correct verify occurs. Up to 25 programming 
operations are allowed for one byte. Program is 
set-up by writing 40h to the command register, the 
programming is started after the next write cycle 
which also latches the address and data to be 
programmed. Program Verify is set-up by writing 
OCOh to the command register, followed by a read 
cycle and a compare of the data read to the data 
expected. During Program and Program Verify op­
erations a MARGIN MODE circuit is activated to 
guarantee that the cell is programmed with a safety 
margin. 
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ORDERING INFORMATION 

Example: M28F256 -10 X B 1 

Speed I Temperature Range I 
-10 100 ns X ±5% B 1 0 to 70 oc 
-12 120 ns blank ±10% c PLCC32 3 -40 to 125 oc 
-15 150 ns 6 -40 to 85 oc 
-20 200 ns 

For a list of available options of Speed, Vee Tolerance, Package and Temperature Range, refer to the 
Selector Guide in this Data Book or to the current Memory Shortform Catalogue. 

For further information on any aspect of this device, please contact our Sales Office nearest you. 

---------------------------- ~~i~;~~~~~~©~------------------------~1~5/~15 
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M28F256A 

CMOS 256K (32K x 8) FLASH MEMORY 

• FAST ACCESS TIME: 1 OOns 

• LOW POWER CONSUMPTION 

- Standby Current: 20011A Max 

• 10,000 ERASE/PROGRAM CYCLES 

• 12V PROGRAMMING VOLTAGE 

• TYPICAL BYTE PROGRAMING TIME 1011s 
(PRESTO F ALGORITHM) 

• ELECTRICAL CHIP ERASE IN 1s RANGE 

• INTEGRATED ERASE/PROGRAM-STOP 
TIMER 

DESCRIPTION 

The M28F256A FLASH MEMORY is a non-volatile 
memory which may be erased electrically at the 
chip level and programmed byte-by-byte. It is or­
ganised as 32K bytes of 8 bits. It uses a command 
register architecture to select the operating modes 
and thus provides a simple microprocessor inter­
face. The M28F256A FLASH MEMORY is suitable 
for applications where the memory has to be repro­
grammed in the equipment. The access time of 
1 OOns makes the device suitable for use in high 
speed microprocessor systems. 

Table 1. Signal Names 

AO- A14 Address Inputs 

DQO-DQ7 Data Inputs I Outputs 

E: Chip Enable 
-
G Output Enable 
-w Write Enable 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

PDIP32 (B) 

Figure 1. Logic Diagram 

Vee Vpp 

15 

AO-A14 

w M28F256A 

Vss 

c\ 
~ 
PLCC32 (C) 

8 

DQ0-007 

VA00679 
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M28F256A 

Figure 2A. DIP Pin Connections Figure 28. LCC Pin Connections 

Vpp 1 Vee N o_ u 
:;;: u u o_ u u 

Ne 2 w z z > > 13: z 

Ne 3 Ne 
A12 4 A14 A7 A14 

A7 5 A13 A6 A13 
A6 6 A8 A5 AS 
A5 7 A9 

A4 A9 
A4 8 25 A11 
A3 g M28F256A 24 G A3 A11 

A2 10 23 A10 A2 G 

A1 11 22 E A1 A10 

AO 12 DQ7 AO E 
DQO 13 DQ6 

DQO DQ7 
001 14 DQ5 
DQ2 15 DQ4 

Vss 5 N (f) n .... L[) CD 
16 DQ3 a (f) a a a a 

0 0 > 0 0 0 0 

VA00680 VA00681 

Warning: NC =No Connection Warning: NC =No Connection 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto 70 
grade 3 -40to 125 oc 
grade 6 -40 to 85 

Tsm Storage Temperature -65 to 150 oc 
v,o Input or Output Voltages -0.6to 7 v 

Vee Supply Voltage -0.6to 7 v 

VA9 A9 Voltage -Q.6 to 13.5 v 

Vpp Program Supply Voltage, during Erase -0.6to 14 v or Programming 

Note: Except for the rat1ng "Operating Temperature Range". stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the dev1ce. These are stress rat1ngs only and operat1on of the dev1ce at these or any other conditions above those 
1nd1cated 1n the Operating sections of th1s spec1f1cat10n 1s not 1m plied. Exposure to Absolute Max1mum Rat1ng cond1t1ons for extended periods 
may affect dev1ce reliability. Refer also to the SGS·THOMSON SURE Program and other relevant quality documents 

DEVICE OPERATION 

The M28F256A FLASH MEMORY employs a tech­
nology similar to a 256K EPROM but adds to the 
device functionality by providing electrical erasure 
and programming. These functions are managed 
by a command register. The functions that are 
addressed via the command register depend on 
the voltage applied to the Vpp, program voltage, 

input. When Vpp is less than or equal to 6.5V, the 
command register is disabled and M28F256A func­
tions as a read only memory providing operating 
modes similar to an EPROM (Read, Output Dis­
able, Electronic Signature Read and Standby). 
When Vpp is raised to 12V the command register 
is enabled and this provides, in addition, Erase and 
Program operations. 

"'2,-'-15.:...._ ___________ ti1i ~~~m~~~~©~ _____________ _ 
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READ ONLY MODES, Vpp :'> 6.5V 

For all Read Only Mod~ except Standby Mode, 
the Write Enable input W should be High. In the 
Standby Mode this input is don't care. 

Read Mode. The M28F256A has two enable in­
puts, E and G, both of which must be Low in order 
to output data from the memory. The Chip Enable 
(E) is the power control and sho!!Jd be used for 
device selection. Output Enable (G) is the output 
control and should be used to gate data on to the 
output, independant of the device selection. 

Standby Mode. In the Standby Mode the maxi­
mum supply current is reduced from 30mA to 
200flA. The device is placed in the StandQy Mode 
by applying a High to the Chip Enable (E) input. 
When in the Standby Mode the outputs are in a high 
imped_£nce state, independant of the Output En­
able (G) input. 

~tput Disable Mode. When the Output Enable 
(G) is High the outputs are in a high impedance 
state. 

Electronic Signature Mode. This mode allows the 
read out of two binary codes from the device which 
identify the manufacturer and device type. This 
mode is intended for use by programming equip­
ment to automatically select the correct erase and 
programming algorithms. The Electronic Signature 
Mode is active when a high volta_ge (11j)V to 13V) 
is applied to address line A9 withE and GLow. With 
AO Low the output data is the manufacturer code, 
when AO is High the output is the device type code. 
All other address lines should be maintained Low 
while reading the codes. 

Table 3. Operations (1) 

Vpp Operation E 
Read Only VPPL Read V1L 

Output Disable V1L 

Standby V1H 

Electromc Signature V1L 

Read/Write 121 VPPH Read V1L 

Write V1L 

Output Disable V1L 

Standby V1H 

Note: 1. X=VILorV," 
2. Refer also to the Command Table 

M28F256A 

READ/WRITE MODES, 11.4V :s; Vpp :s; 12.6V 

When Vpp is High both read and write operations 
may be performed. These are defined by the con­
tents of an internal command register. Commands 
may be written to this register to set-up and exe­
cute, Erase, Erase Verify, Program, Program Verify 
and Reset modes. Each of these modes needs 2 
cycles. Every mode starts with a write operation to 
set-up the command, this is followed by either read 
or write operations. The device expects the first 
cycle to be a write operation and does not corrupt 
data at any location in memory. Read mode is 
set-up with one cycle only and may be followed by 
any number of read operations to output data. 
Electronic Signature Read mode is set-up with one 
cycle and followed by a read cycle to output the 
manufacturer or device codes. 

~write to the ~ommand register is made by_bringing 
W Low while E is Low. The falling edge of W latches 
Addresses, while the rising edge latches Data, 
which are used for those commands that require 
address inputs, command input or provide data 
output. 

When the device is powered up and when Vpp is:'> 
6.5V the contents of the command register default 
to OOh, thus automatically setting-up Read opera­
tions. In addition a specific command may be used 
to set the command register to OOh for reading the 
memory. 

The system designer may chose to provide a con­
stant high Vpp and use the register commands for 
all operations, or to switch the Vpp from low to high 
only when needing to erase or program the mem­
ory. All command register access is inhibited when 
Vee falls below the Erase/Write Lockout Voltage 
(VLKO) of 2.5V. 

- -
G w A9 DQO-DQ7 

V1L V1H A9 Data Output 

V1H V1H X Hi-Z 

X X X H1-Z 

V1L V1H V1o Codes 

V1L V1H A9 Data Output 

V1H V1L Pulse A9 Data Input 

V1H V1H X Hi-Z 

X X X Hi-Z 

---------------------------~~~~@~~~9~------------------------3~/~15 
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Table 4. Electronic Signature 

Identifier AO DQ7 DQG DQ5 

Manufacturer's Code VrL 0 0 

Device Code VrH 1 0 

Table 5. Commands <1) 

Command Cycles 
1st Cycle 

Operation AO-A14 

Read 1 Write X 

Electronic X 
Signature 

2 Write 

Setup Erase/ 
2 

Write X 

Erase 

Erase Verify 2 Write AO-A14 

Setup Program/ 
2 

Write X 

Program 

Program Verify 2 Write X 

Reset 2 Write X 

Note: 1. X = VrL or VrH 

READ/WRITE MODES (cont'd) 

If the device is deselected during Erasure, Pro­
gramming or Verification it will draw active supply 
currents until the operations are terminated. 

The device is protected against stress caused by 
long erase or program times. If the end of Erase or 
Programming operations are not terminated by a 
Verify cycle within a maximum time permitted, an 
internal stop timer automatically stops the opera­
tion. The device remains in an inactive state, ready 
to start a Verify or Reset Mode operation. 

Read Mode. The Read Mode is the default at 
power up or may be set-up by writing OOh to the 
command register. Subsequent read operations 
output data from the memory. The memory remains 
in the Read Mode until a new command is written 
to the command register. 

Electronic Signature Mode. In order to select the 
correct erase and programming algorithms for on­
board programming, the manufacturer and devices 
code may be read directly. It is not neccessary to 

1 

1 

DQ4 DQ3 DQ2 DQ1 DQO Hex Data 

0 0 0 0 0 20h 

0 1 0 1 0 OAAh 

2nd Cycle 

DQO-DQ7 Operation AO-A14 DQO-DQ7 

OOh 

90h 
Read OOOOh 20h 

Read 0001h OAAh 

20h 

Write X 20h 

OAOh Read X Data Output 

40h 

Write AO-A14 Data Input 

OCOh Read X Data Output 

OFFh Write X OFFh 

apply a high voltage to A9 when using the com­
mand register. The Electronic Signature Mode is 
set-up by writing 90h to the command register. The 
following read cycle, with address inputs OOOOh or 
0001 h, output the manufacturer or device type 
codes. The command is terminated by writing an­
other valid command to the command register (for 
example Reset). 

Erase and Erase Verify Modes. The memory is 
erased by first Programming all bytes to OOh, the 
Erase command then erases them to OFFh. The 
Erase Verify command is then used to read the 
memory byte-by-byte for a content of OFFh. 

The Erase Mode is set-up by writing 20h to the 
command register. The write cycle is then repeated 
to start the erase operation. Erasure starts on the 
rising edge of W during this second cycle. Erase is 
followed by an Erase Verify which reads an ad­
dressed byte. 

Erase Verify Mode is set-up by writing OAOh to the 
command register and at the same time supplying 
the address of the byte to be verified. The rising 

-"4,..;_15=-------------~ ~~©IH!I'cf~?©~ _____________ _ 
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READ/WRITE MODES (cont'd) 

edge of W during the set-up of the first Erase Verify 
Mode stops the Erase operation. The following 
read cycle is made with an internally generated 
margin voltage applied, reading OFFh indicates 
that all bits of the addressed byte are fully erased. 
The whole contents of the memory are verified by 
repeating the Erase Verify Operation, first writing 
the set-up code OAOh with the address of the byte 
to be verified and then reading the byte contents in 
a second read cycle. 

As the Erase algorithm flow chart shows, when the 
data read during Erase Verify is not OFFh, another 
Erase operation is performed and verification con­
tinues from the address of the last verified byte. The 
command is terminated by writing another valid 
command to the command register (for example 
Program or Reset). 

Program and Program Verify Modes. The Pro­
gram Mode is set-up by writing 40h to the command 
register. This is followed by a second write cycle 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

:;:; 10ns 

0.45V to 2.4V 

Input and Output Timing Ref. Voltages o.av to 2V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 
~2.0V 

~0.8V 
0.45V 

VA00827 

Table 6. Capacitance (T A = 25 oc, f = 1 MHz ) 

M28F256A 

which latches the address and data of the byte to 
be programmed. The rising edge of W during this 
secind cycle starts the programming operation. 
Programming is followed by a Program Verify of the 
data written. 

Program Verify Mode is set-up by writing_QCOh to 
the command register. The rising edge of W during 
the set-up of the Program Verify Mode stops the 
Programming operation. The following read cycle, 
of the address already latched during program­
ming, is made with an internally generated margin 
voltage applied, reading valid data indicates that all 
bits have been programmed. 

Reset Mode. This command is used to safely abort 
Erase or Program Modes. The Reset Mode is 
set-up and performed by writing twice OFFh to the 
command register. The command should be fol­
lowed by writing a valid command to the the com­
mand register (for example Read). 

Figure 4. AC Testing Load Circuit 

1.3V 

3.3KO 

DEVICE 
UNDER 
TEST T CL=100pF 

CL mcludes JIG capacitance 

OUT 

VA00828 

Symbol Parameter Test Condition Min Max Unit 

CIN Input Capacitance VIN=OV 6 pF 

Cour Output Capacitance Vour= OV 12 pF 

Note: this parameter is sampled only and not tested! 00% 

_____________ ;.v ~itlt'am~~'l------------5:::.'=15 
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Table 7. DC Characteristics 
(TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee= 5V ± 5% or Vee= 5V ± 1 0%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OVSVJNSVcc ±1 f.lA 

fLO Output Leakage Current OVsVouT<Vcc ±10 f.lA 

Icc Supply Current (Read) E = V1L, f = 6MHz 30 rnA 

lcc1 
Supply Current (Standby) TIL E=VIH 1 rnA 

Supply Current (Standby) CMOS E = Vcc±0.2V 200 f.lA 
lcc2 (1) Supply Current (Programming) During Programming 10 rnA 

lcc3 <1l Supply Current (Program Venfy) During Verify 30 rnA 

lcc4 (1) Supply Current (Erase) During Erasure 15 rnA 

lcc5 (1) Supply Current (Erase Verify) During Erase Verify 30 rnA 

ILPP Program Leakage Current VppSVcc ±100 f.lA 

(pp Program Current (Read or Vpp >Vee 200 f.lA 
Standby) VppSVcc ±100 f.lA 

IPP1(1) Program Current (Programming) Vpp = VPPH, During Programming 30 rnA 

IPP2(1) Program Current (Program Vpp = VPPH, Dunng Verify 5 rnA Verify) 

IPP3(1) Program Current (Erase) Vpp = VPPH, During Erase 30 rnA 

IPP4(1) Program Current (Erase Verify) Vpp = VPPH, During Erase Verify 5 rnA 

v1L Input Low Voltage -0.5 0.8 v 

V1H 
Input High Voltage TIL 2 Vcc+0.5 v 

Input High Voltage CMOS 0.7Vcc Vee+ 0.5 v 

VoL Output Low Voltage 
loL = 5.8mA (grade 1) 0.45 v 

loL = 2.1 rnA (grades 3 & 6) 0.45 v 
ioH=-100(.1A 4.1 v 

VoH 
Output High Voltage CMOS loH=-1mA Vcc-0.8 v 

loH = -2.5mA (grade 1) Vcc-0.8 v 

Output High Voltage TIL loH=-2.5mA 2.4 v 

VPPL 
Program Voltage (Read 

0 6.5 v Operations) 

VPPH 
Program Voltage (Read/Write 

11.4 12.6 v Operations) 

VID A9 Voltage (Electronic Signature) 11.5 13 v 
ho <1l A9 Current (Electronic Signature) 

A9 = V1o (grade 1) 200 f.lA 

A9 = V1o (grades 3 & 6) 500 f.lA 

VLKO Supply Voltage, Erase/Program 
2.5 v Lock-out 

Note: 1. Not 100% Tested. CharactensatJon Data avrulable 

-=6'-"15=-------------~ ~~©m~~~~ ____________ _ 
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M28F256A 

Table SA. Read Only Mode AC Characteristics 
(T A= 0 to 70 oc, -40 to 85 oc, -40 to 125 oc; Vee= 5V ± 1 0%; OV :<;; Vpp :<;; 6.5V) 

M28F256A 

Symbol All Parameter Test Condition ·10 -12 Unit 

Min Max Min Max 

IAVAV IRe Read Cycle Time E = V1L, G = V1L 100 120 ns 
- ~ 

IAVQV lAce Address Valid to Output Valid E = V1L, G = V1L 100 120 ns 

IELOX 111 Chip Enable Low to Output ~ 

ILZ Transition G=VIL 0 0 ns 

IELQV IcE Chip Enable Low to Output Valid G=VIL 100 120 ns 

IGLQX 111 Output Enable Low to Output -
IOLZ Transition 

E = V1L 0 0 ns 

IGLOV loE Output Enable Low to Output Valid E = V1L 45 50 ns 

IEHOZ 111 Chip Enable High to Output Hi·Z 
~ 

G=VIL 0 40 0 40 ns 

IGHOZ 111 loF Output Enable High to Output Hi-Z E = V1L 0 30 0 30 ns 

Address Transition to Output - ~ 

tAX OX loH Transition E = V1L, G = V1L 0 0 ns 

Note: 1. Sampled only, not 100% tested 

Table 88. Read Only Mode AC Characteristics 
((TA = 0 to 70 oc, -40 to 85 °C, -40 to 125 oc; Vee= 5V ± 1 0%; OV :s; Vpp :s; 6.5V) 

M28F256A 

Symbol All Parameter Test Condition -15 -20 Unit 

Min Max Min Max 

IAVAV IRe Read Cycle Time E = VIL, G = V!L 150 200 ns 

IAVQV lAce Address Valid to Output Valid E = V1L, G = V1L 150 200 ns 

IELOX 111 Chip Enable Low to Output ~ 

ILz Transition G=VIL 0 0 ns 

IELQV leE Chip Enable Low to Output Valid G=VIL 150 200 ns 

IGLOX 111 Output Enable Low to Output -
toLZ Transition E = V1L 0 0 ns 

tGLQV toE Output Enable Low to Output Valid E = VIL 55 60 ns 

tEHQZ 111 Chip Enable High to Output Hi-Z G=VIL 0 55 0 60 ns 

tGHQZ I' I loF Output Enable H1gh to Output Hi-Z E= V1L 0 35 0 40 ns 

Address Transition to Output - ~ 

tAX OX toH Transition 
E = V1L, G = V1L 0 = 0 ns 

Note: 1. Sampled only, not 100% tested 

---------------------------- ~~i~©~2~~~~~~ ------------------------~7/~15 
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Figure 5. Read Mode AC Waveforms 

tAVAV 

AO-A14 

~ tAVQV----. tAXQX 

l 
~ tELQV----. tEHQZ-

1-- tELQX -

tGLQV {tGHQZ-

tGLQX 

DQO-DQ7 DATA OUT 

VA00682 

Figure 6. Read Command Waveforms 

,,--------------------------------------------
Vpp 

AO-A14 

w 

DQO-DQ7 

tDVWH -!+--~>--~- tWHDX 

COMMAND -----------+---{DATA OUT 

' ' ' 
:.-READ SET-UP-------..; 

' 
' 
).- READ -------..; 
' ' 

tAXQX 

tEHQZ 

tGHQZ 

VA00683 
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M28F256A 

Figure 7. Electronic Signature Command Waveforms 

AO-A14 

w 

DQO-DQ7 

lr--------------------------------------------

~~~~ 

tWHDX 

COMMAND ------------+---{DATA OUT 

ELECTRONIC --i 
SIGNATURE SET-UP 

~ READ -------.: 
MANUFACTURER ' 
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tAX OX 

tEHQZ 

tGHQZ 
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~ SGS·THOMSON 9/15 --------------- .,_""fl lt::IIU©li©~~~=©O!U~ _____________ ...:.:...:..=. 

273 



M28F256A 

Table 9A. Read/Write Mode AC Characteristics 
(TA = 0 to 70 oc, -40 to 85 oc or -40 to 125 oc; Vee= 5V ± 5% or Vee= 5V ± 10%: Vpp = 12V) 

M28F256A 
Symbol All Parameter ·10 ·12 Unit 

Min Max Min Max 

IVPHEL Vpp High to Chip Enable Low 100 100 ns 

IWHWH3 twc Write Cycle Time 100 120 ns 

IAVWL lAs Address Valid to Write Enable Low 0 0 ns 

IWLAX IAH Write Enable Low to Address Transition 60 60 ns 

IELWL lcs Chip Enable Low to Write Enable Low 20 20 ns 

IGHWL Output Enable High to Write Enable Low 0 0 )lS 

tovwH los Input Valid to Write Enable High 50 50 ns 

IWLWH lwP Write Enable Low to Write Enable High (Write Pulse) 60 60 ns 

IELEH(2) Chip Enable Low to Chip Enable High (Write Pulse) 70 70 ns 

IWHDX loH Write Enable High to Input Transition 10 10 ns 

IWHWH1 Duration of Program Operation 10 10 )lS 

IWHWH2 Duration of Erase Operation 9.5 9.5 ms 

IWHEH tcH Write Enable High to Chip Enable High 0 0 ns 

IWHWL IWPH Write Enable High to Write Enable Low 20 20 ns 

twHGL Write Enable High to Output Enable Low 6 6 )lS 

IAVQV lAce Addess Valid to data Output 100 120 ns 

IELOX I eEL Chip Enable Low to Output Transition 0 0 ns 

IELQV IcE Chip Enable Low to Output Valid 100 120 ns 

tGLQX loEL Output Enable Low to Output Transition 0 0 ns 

tGLQV toE Output Enable Low to Output Valid 45 50 ns 

IEHQZ (1) tcoF Chip Enable High to Output Hi-Z 40 40 ns 

IGHQZ (1) !oF Output Enable High to Output Hi-Z 30 30 ns 

IAXQX loH Address Transition to Output Transition 0 0 ns 

Notes: 1. Sampled only, not 100% tested _ _ 
2. A Wnte is enabled by a valid combination of Chip Enable (E) and Write Enable (W). When Write IS controlled by Chip Enable 

(with a Chip Enable pulse width smaller than Write Enable), all timings should be measured relative to Chip Enable waveform. 

_10"-/-'-'15:..__ ___________ ~ ~i©n&g::~~~~ --------------
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Table 98. Read/Write Mode AC Characteristics 
(TA = 0 to 70 °C, --40 to 85 oc or --40 to 125 oc; Vee = 5V ± 5% or Vee = 5V ± 10%: Vpp = 1 2V) 

M28F256A 

Symbol All Parameter -15 -20 Unit 

Min Max Min Max 

IVPHEL Vpp High to Chip Enable Low 100 100 ns 

IWHWH3 I we Write Cycle 1ime 150 200 ns 

IAVWL lAs Address Valid to Write Enable Low 0 0 ns 

IWLAX IAH Write Enable Low to Address Transition 60 75 ns 

tELWL tcs Chip Enable Low to Write Enable Low 20 20 ns 

IGHWL Output Enable High to Write Enable Low 0 0 [.!S 

tovwH los Input Valid to Write Enable High 50 50 ns 

lwLWH lwp Write Enable Low to Write Enable High (Write Pulse) 60 60 ns 

IELEH(2) Chip Enable Low to Chip Enable High (Write Pulse) 70 70 ns 

IWHDX loH Write Enable High to Input Transition 10 10 ns 

IWHWH1 Duration of Program Operation 10 10 [.!S 

IWHWH2 Duration of Erase Operation 9.5 9.5 ms 

IWHEH tcH Write Enable High to Chip Enable High 0 0 ns 

IWHWL lwPH Write Enable High to Write Enable Low 20 20 ns 

lwHGL Write Enable High to Output Enable Low 6 6 [.!S 

IAVQV lAce Addess Valid to data Output 150 200 ns 

IELOX lcEL Chip Enable Low to Output Transition 0 0 ns 

IELQV IcE Chip Enable Low to Output Valid 150 200 ns 

IGLOX IOEL Output Enable Low to Output Transition 0 0 ns 

IGLQV toE Output Enable Low to Output Valid 55 60 ns 

IEHQZ (1) tcoF Chip Enable High to Output Hi-Z 55 60 ns 

IGHQZ (1) I oF Output Enable High to Output Hi-Z 35 40 ns 

IAXQX loH Address Transition to Output Transition 0 0 ns 

Notes: 1. Sampled only, not 100% tested _ _ 
2. A Write is enabled by a valid combination of Chip Enable (E) and Wnte Enable (W). When Write is controlled by Chip Enable 

(with a Ch1p Enable pulse width smaller than Wnte Enable). all tim1ngs should be measured relative to Chip Enable waveform. 
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M28F256A 

Figure 10. Erasing Flowchart 

Vpp = 12V 

READ COMMAND 

+ 
Vpp < 6 5V, PASS 

VA00687 

Limit: 1000 at grades 1 & 6; 6000 at grade 3. 

PRESTO F ERASE ALGORITHM 
The PRESTO F Erase Algorithm guarantees that 
the device will be erased in a reliable way. The 
algorithm first programms all bytes to DOh in order 
to ensure uniform erasure. The programming fol­
lows the Presto F Programming Algorithm (see 
below). Erase is set-up by writing 20h to the com­
mand register, the erasure is started by repeating 
this write cycle. Erase Verify is set-up by writing 
OAOh to the command register together with the 
address of the byte to be verified. The subsequent 
read cycle reads the data which is compared to 
OFFh. Erase Verify begins at address OOOOh and 
continues to the last address or until the compari­
son of the data to OFFh fails. If this occurs, the 
address of the last byte checked is stored and a 
new Erase operation performed. Erase Verify then 
continues from the address of the stored location . 

Figure 11. Programming Flowchart 

Vpp = 12V 

Vpp < 6 5V, PASS 

VA00677 

PRESTO F PROGRAM ALGORITHM 

The PRESTO F Programming Algorithm applies a 
series of 1 OJ1S programming pulses to a byte until 
a correct verify occurs. Up to 25 programming 
operations are allowed for one byte. Program is 
set-up by writing 40h to the command register, the 
programming is started after the next write cycle 
which also latches the address and data to be 
programmed. Program Verify is set-up by writing 
OCOh to the command register, followed by a read 
cycle and a compare of the data read to the data 
expected. During Program and Program Verify op­
erations a MARGIN MODE circuit is activated to 
guarantee that the cell is programmed with a safety 
margin. 

..:..14::..:/1c::.5 __________ ID'I SCS·nfOMSON 
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ORDERING INFORMATION 

Example: M28F256A -1 0 X B 

Speed Temperature Range 

-10 100 ns X ±5% B PDIP32 0 to 70 oc 
-12 120 ns blank ±10% c PLCC32 3 -40 to 125 oc 
-15 150 ns 6 -40 to 85 oc 
-20 200 ns 

For a list of available options of Speed, Vee Tolerance, Package and Temperature Range, refer to the 
Selector Guide in this Data Book or to the current Memory Shortform Catalogue. 

For further information on any aspect of this device, please contact our Sales Office nearest you. 

-----------------------------~ ~i~©~~:~9©~ ------------------------~1~5/~15 
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M28F512 

CMOS 512K (64K x 8) FLASH MEMORY 

• FAST ACCESS TIME: 1 DOns 

• LOW POWER CONSUMPTION 
- Standby Current: 20011A Max 

• 10,000 ERASE/PROGRAM CYCLES 

• 12V PROGRAMMING VOLTAGE 

• TYPICAL BYTE PROGRAMMING TIME 1 D11s 
(PRESTO F ALGORITHM) 

• ELECTRICAL CHIP ERASE IN 1 s RANGE 

• INTEGRATED ERASE/PROGRAM-STOP 
TIMER 

DESCRIPTION 

The M28F512 FLASH MEMORY is a non-volatile 
memory which may be erased electrically at the 
chip level and programmed byte-by-byte. It is or­
ganised as 64K bytes of 8 bits. It uses a command 
register architecture to select the operating modes 
and thus provides a simple microprocessor inter­
face. The M28F512 FLASH MEMORY is suitable 
for applications where the memory has to be repro­
grammed in the equipment. The access time of 
1 DOns makes the device suitable for use in high 
speed microprocessor systems. 

Table 1. Signal Names 

AO ·A15 Address Inputs 

DQ0-007 Data Inputs I Outputs 

E Ch1p Enable 

G Output Enable 

w Write Enable 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

May 1992 

0 . . 

PDIP32 (B) PLCC32 (C) 

Figure 1. Logic Diagram 

Vee Vpp 

16 8 

000-007 

M28F512 

Vss 
VA00548 

1/16 
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M28F512 

Figure 2A. DIP Pin Connections Figure 28. LCC Pin Connections 

Vpp [ 1 '--./ 32 P Vee 
NC [ 2 31 p w 

A15 [ 3 30 p NC 

N "' 
Q_ u 

;;: ;;: u Q_ u 
IS: 

u 
z > > z 

A12 [ 4 29 p A14 
A7 [ 5 28 p A13 

A7 A14 

A6 A13 
A6 [ 6 27 p AS 
AS 7 26 p A9 
A4 8 25 p A11 
A3 9 

M28F512 
24 p G 

A2 10 23 p A10 
A1 11 22 ll E 

AS A8 

A4 A9 

A3 A11 

A2 G 

A1 A10 
AO 12 21 DQ7 AO E 

DQO 13 20 DQ6 DQO DQ7 
DOl 14 19 DOS 
DQ2 15 18 DQ4 

Vss 16 17 DQ3 0 N Ul "' " "' li) 

0 Ul 0 0 0 a 
0 0 > 0 0 0 0 

VADOSSO 
VA00549 

Warnmg: NC =No Connect1on Warning: NC =No Connection 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 0 to 70 
grade 3 -40 to 125 ac 
grade 6 -40 to 85 

Tsm Storage Temperature -65 to 150 ac 

V1o Input or Output Voltages -0.6 to 7 v 
Vee Supply Voltage -0.6 to 7 v 
VAg A9 Voltage -o.6 to 13.5 v 

Vpp Program Supply Voltage, during Erase 
-0.6 to 14 v or Programming 

Note: Except for the rating "Operaling Temperature Range", stresses above those II sled in the Table "Absolute Maximum Ratmgs" may cause 
permanent damage to the device. These are stress ratings only and operat1on of the device at these or any other cond1t1ons above those 
indicated 1n the Operating sections of this specification is not implied Exposure to Absolute Maximum Rating conditions for extended periods 
may affect dev1ce rel1ab1ilty. Refer also to the SGS-THOMSON SURE Program and other relevant qual1ty documents 

DEVICE OPERATION 

The M28F512 FLASH MEMORY employs a tech­
nology similar to a 512K EPROM but adds to the 
device functionality by providing electrical erasure 
and programming. These functions are managed 
by a command register. The functions that are 
addressed via the command register depend on 
the voltage applied to the Vpp, program voltage, 
input. When Vpp is less than or equal to 6.5V, the 

command register is disabled and M28F512 func­
tions as a read only memory providing operating 
modes similar to an EPROM (Read, Output Dis­
able, Electronic Signature Read and Standby). 
When Vpp is raised to 12V the command register 
is enabled and this provides, in addition, Erase and 
Program operations. 

2/16 ~ SGS·THOMSON =...:-=--------------- A.""fl li:ilO©Ilil@lli~lli©li'OO@il!O©ijO ----------------
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READ ONLY MODES, Vpp :o; 6.5V 

For all Read Only Mod~ except Standby Mode, 
the Write Enable input W should be High. In the 
Standby Mode this input is 'don't care'. 

_Bead 11/!Qde. The M28F512 has two enable inputs, 
E and G, both of which must be Low in order to 
output data from the memory. The Chip Enable (E) 
is the power control and sh_Q_uld be used for device 
selection. Output Enable (G) is the output control 
and should be used to gate data on to the output, 
independant of the device selection. 

Standby Mode. In the Standby Mode the maxi­
mum supply current is reduced from 30mA to 
200!-lA. The device is placed in the StandQ)' Mode 
by applying a High to the Chip Enable (E) input. 
When in the Standby Mode the outputs are in a high 
imped_gnce state, independant of the Output En­
able (G) input. 

~tput Disable Mode. When the Output Enable 
(G) is High the outputs are in a high impedance 
state. 

Electronic Signature Mode. This mode allows the 
read out of two binary codes from the device which 
identify the manufacturer and device type. This 
mode is intended for use by programming equip­
ment to automatically select the correct erase and 
programming algorithms. The Electronic Signature 
Mode is active when a high volta_ge (11J5V to 13V) 
is applied to address line A9 withE and GLow. With 
AO Low the output data is the manufacturer code, 
when AD is High the output is the device type code. 
All other address lines should be maintained Low 
while reading the codes. 

Table 3. Operations (1) 

Vpp Operation E 
Read Only VPPL Read V1L 

Output Disable v,L 

Standby V1H 

Electronic Signature V1L 

Read/Write 12l VPPH Read V1L 

Write V1L 

Output Disable v,L 

Standby V1H 

Note: 1. X= V" or VtH 
2 Refer also to the Command Table 

M28F512 

READ/WRITE MODES, 11.4V :o; Vpp :o; 12.6V 

When VPP is High both read and write operations 
may be performed. These are defined by the con­
tents of an internal command register. Commands 
may be written to this register to set-up and exe­
cute, Erase, Erase Verify, Program, Program Verify 
and Reset modes. Each of these modes needs 2 
cycles. Every mode starts with a write operation to 
set-up the command, this is followed by either read 
or write operations. The device expects the first 
cycle to be a write operation and does not corrupt 
data at any location in memory. Read mode is 
set-up with one cycle only and may be followed by 
any number of read operations to output data. 
Electronic Signature Read mode is set-up with one 
cycle and followed by a read cycle to output the 
manufacturer or device codes. 

A_ write to the f_ommand register is made bypringing 
W Low while E is Low. The falling edge of W latches 
Addresses, while the rising edge latches Data, 
which are used for those commands that require 
address inputs, command input or provide data 
output. 

When the device is powered up and when Vpp is :o; 
6.5V the contents of the command register default 
to DOh, thus automatically setting-up Read opera­
tions. In addition a specific command may be used 
to set the command register to DOh for reading the 
memory. 

The system designer may chose to provide a con­
stant high Vpp and use the register commands for 
all operations, or to switch the Vpp from low to high 
only when needing to erase or program the mem­
ory. All command register access is inhibited when 

- -
G w A9 DQO-DQ7 

V1L V1H A9 Data Output 

V1H V1H X Hi-Z 

X X X Hi-Z 

V1L V1H v,o Codes 

v,L VIH A9 Data Output 

v,H V1L Pulse A9 Data Input 

VIH v,H X HI-Z 

X X X Hi-Z 

r=-= SGS·THOMSON 3/16 -------------- ._"'fl li:IID©JJ©~~[©1im©i'IO©~ ____________ ____:::...:..:: 
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M28F512 

Table 4. Electronic Signature 

Identifier AO DQ7 DQ6 DQ5 

Manufacturer's Code v,L 0 0 

Device Code v,H 0 0 

Table 5. Commands (1) 

Command Cycles 
1st Cycle 

Operation AO·A15 

Read 1 Write X 

Electromc Write X 
Signalure 

2 

Setup Erase/ 
2 

Write X 

Erase 

Erase Verify 2 Write AO·A15 

Setup Program/ 
2 

Write X 

Program 

Program Verify 2 Write X 

Reset 2 Write X 

Note: 1 X = VIL or v,H 

READ/WRITE MODES (cont'd) 

Vee falls below the Erase/Write Lockout Voltage 
(VLKO) of 2.5V. 

If the device is deselected during Erasure, Pro­
gramming or Verification it will draw active supply 
currents until the operations are terminated. 

The device is protected against stress caused by 
long erase or program times. If the end of Erase or 
Programming operations are not terminated by a 
Verify cycle within a maximum time permitted, an 
internal stop timer automatically stops the opera­
tion. The device remains in an inactive state, ready 
to start a Verify or Reset Mode operation. 

Read Mode. The Read Mode is the default at 
power up or may be set-up by writing DOh to the 
command register. Subsequent read operations 
output data from the memory. The memory remains 
in the Read Mode until a new command is written 
to the command register. 

1 

0 

DQ4 003 DQ2 DQ1 DQO Hex Data 

0 0 0 0 0 20h 

0 0 0 1 0 02h 

2nd Cycle 

DQO-DQ7 Operation AO·A15 DQ0-007 

DOh 

90h 
Read OOOOh 20h 

Read 0001h 02h 

20h 

Write X 20h 

OAOh Read X Data Output 

40h 

Write AO·A15 Data Input 

OCOh Read X Data Output 

OFFh Write X OFFh 

Electronic Signature Mode. In order to select the 
correct erase and programming algorithms for on­
board programming, the manufacturer and devices 
code may be read directly. It is not neccessary to 
apply a high voltage to A9 when using the com­
mand register. The Electronic Signature Mode is 
set-up by writing 90h to the command register. The 
following read cycle, with address inputs OOOOh or 
0001 h, output the manufacturer or device type 
codes. The command is terminated by writing an­
other valid command to the command register (for 
example Reset). 

Erase and Erase Verify Modes. The memory is 
erased by first Programming all bytes to OOh, the 
Erase command then erases them to OFFh. The 
Erase Verify command is then used to read the 
memory byte-by-byte for a content of OFFh. 

The Erase Mode is set-up by writing 20h to the 
command register. The write cycle is then repeated 
to start the erase operation. Erasure starts on the 
rising edge of W during this second cycle. Erase is 

~4/~1~6 _________________________ ~ ~~~@~g~:~~~~ -----------------------------
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READ/WRITE MODES (cont'd) 

followed by an Erase Verify which reads an ad­
dressed byte. 

Erase Verify Mode is set-up by writing OAOh to the 
command register and at the same time supplying 
the address of the byte to be verified. The rising 
edge of W during the set-up of the first Erase Verify 
Mode stops the Erase operation. The following 
read cycle is made with an internally generated 
margin voltage applied, reading OFFh indicates 
that all bits of the addressed byte are fully erased. 
The whole contents of the memory are verified by 
repeating the Erase Verify Operation, first writing 
the set-up code OAOh with the address of the byte 
to be verified and then reading the byte contents in 
a second read cycle. 

As the Erase algorithm flow chart shows, when the 
data read during Erase Verify is not OFFh, another 
Erase operation is performed and verification con­
tinues from the address of the last verified byte. The 
command is terminated by writing another valid 
command to the command register (for example 
Program or Reset). 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times s; 1 Ons 

Input Pulse Voltages 0.45V to 2.4V 

Input and Output Timing Ref. Voltages O.SV to 2V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 

0.45V 
VA00827 

Table 6. Capacitance (T A = 25 oc, f = 1 MHz ) 

M28F512 

Program and Program Verify Modes. The Pro­
gram Mode is set-up by writing 40h to the command 
register. This is followed by a second write cycle 
which latches the address and data of the byte to 
be programmed. The rising edge of W during this 
secind cycle starts the programming operation. 
Programming is followed by a Program Verify of the 
data written. 

Program Verify Mode is set-up by writing_QCOh to 
the command register. The rising edge of W during 
the set-up of the Program Verify Mode stops the 
Programming operation. The following read cycle, 
of the address already latched during program­
ming, is made with an internally generated margin 
voltage applied, reading valid data indicates that all 
bits have been programmed. 

Reset Mode. This command is used to safely abort 
Erase or Program Modes. The Reset Mode is 
set-up and performed by writing twice OFFh to the 
command register. The command should be fol­
lowed by writing a valid command to the the com­
mand register (for example Read). 

Figure 4. AC Testing Load Circuit 

DEVICE 

UNDER 

TEST 

1.3V 

I1N914 

CL Includes JIG capocl\ance 

OUT 

VA00828 

Symbol Parameter Test Condition Min Max Unit 

c1N Input Capacitance V1N = OV 6 pF 

CouT Output Capacitance VouT= OV 12 pF 

Note: th1s parameter IS sampled only and not tested1 00% 

--------------~ ~~~©m2m~~~©~ _____________ 5_/1_6 

285 



M28F512 

Table 7. DC Characteristics 
(TA = 0 to 70 °C, -40 to 85 ac or -40 to 125 oc; Vee= 5V ± 1 0%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV,; V1N,; Vee ±1 flA 

ILO Output Leakage Current OV,; Vour,; Vee ±10 flA 

Icc Supply Current (Read) E = V1L, I = 6MHz 30 mA 

lcc1 
Supply Current (Standby) TTL E=VIH 1 mA 

Supply Current (Standby) CMOS E =Vee± 0.2V 200 flA 

lcc2 (11 Supply Current (Programming) During Programming 10 mA 

lcc3 (11 Supply Current (Program Verify) During Verify 30 mA 

lcc4 ('I Supply Current (Erase) During Erasure 15 mA 

Ices (11 Supply Current (Erase Verify) During Erase Verify 30 mA 

ILPP Program Leakage Current Vpp,; Vee ±100 flA 

lpp Program Current (Read or Vpp >Vee 200 flA 
Standby) Vpp,; Vee ±100 flA 

IPP1(1) Program Current (Programming) Vpp = VPPH, During Programming 30 mA 

IPP2(1) Program Current (Program Vpp = VPPH, During Verify 5 mA 
Verify) 

IPP3(1) Program Current (Erase) Vpp = VPPH, During Erase 30 mA 

lpp4(1) Program Current (Erase Verify) Vpp = VPPH, During Erase Verify 5 mA 

V1L Input Low Voltage -0.5 0.8 v 

VIH 
Input High Voltage TTL 2 Vee+ 0.5 v 
Input High Voltage CMOS 0.7 Vee Vee+ 0.5 v 

VOL Output Low Voltage 
loL = 5.8mA (grade 1) 0.45 v 

loL = 2.1 mA (grade 3 & 6) 0.45 v 
loH = -100f1A 4.1 v 

VoH 
Output High Voltage CMOS loH =-1mA Vee -0.8 v 

loH = -2.5mA (grade 1) Vcc-0.8 v 
Output High Voltage TTL loH =-2.5mA 2.4 v 

VPPL 
Program Voltage (Read 

0 6.5 v Operations) 

VPPH 
Program Voltage (Read/Write 

11.4 12.6 v Operations) 

V1o A9 Voltage (Electronic Signature) 11.5 13 v 
ho (11 A9 Current (Electronic Signature) A9 = V1o 200 flA 

VLKO 
Supply Voltage, Erase/Program 

2.5 v Lock-out 

Note: 1. Not 1 00% Tested. Characterisation Data available . 

.:::6/_:._16=-------------~ ~~©I!:&~~~~~©~ --------------
286 



M28F512 

Table SA. Read Only Mode AC Characteristics 
(TA = 0 to 70 ac, -40 to 85 °C, -40 to 125 oc; Vee= 5V ± 1 0%; OV s; Vpp s; 6.5V) 

M28F512 
Symbol All Parameter Test Condition -10 -12 Unit 

Min Max Min Max 

tAVAV IRe Read Cycle Time E = VrL, G = VrL 100 120 ns 

IAVOV lAce Address Valid to Output Valid E = VrL. G = VrL 100 120 ns 

IELQX (1) 
Chip Enable Low to Output -

ILZ Transition G=VrL 0 0 ns 

-
IELOV IcE Chip Enable Low to Output Valid G=VrL 100 120 ns 

IGLOX (1) 
Output Enable Low to Output -

loLZ Transition E = VrL 0 0 ns 

IGLQV toE Output Enable Low to Output Valid E = VrL 45 50 ns 

IEHOZ (1) Chip Enable High to Output Hi-Z G=VrL 0 40 0 40 ns 

IGHQZ (1) loF Output Enable High to Output Hi-Z E= VrL 0 30 0 30 ns 

Address Transition to Output - -
IAXQX loH Transition E = VrL, G = VrL 0 0 ns 

Note: 1. Sampled only, not 1 00% tested 

Table 88. Read Only Mode AC Characteristics 
((TA = 0 to 70 °C, -40 to 85 ac, -40 to 125 oc; Vee= 5V ± 1 0%; OV s Vpp s; 6.5V) 

M28F512 
Symbol A It Parameter Test Condition -15 -20 Unit 

Min Max Min Max 

tAVAV IRe Read Cycle Time E = VrL, G = VrL 150 200 ns 

IAVOV lAce Address Valid to Output Valid E = VrL, G = VrL 150 200 ns 

IELQX (1) 
Chip Enable Low to Output -

ILZ Transition G=VrL 0 0 ns 

IELQV IcE Chip Enable Low to Output Valid G= VrL 150 200 ns 

IGLQX (1) 
Output Enable Low to Output -

IOLZ Transition E = VrL 0 0 ns 

IGLQV toE Output Enable Low to Output Valid E = VrL 55 60 ns 

tEHQZ(1) Chip Enable High to Output Hi-Z G=VrL 0 55 0 60 ns 

tGHQZ (1) loF Output Enable High to Output Hi-Z E = VrL 0 35 0 40 ns 

Address Transition to Output - -
lAX OX loH Transition E = VrL, G = VrL 0 = 0 ns 

Note: 1. Sampled only, not 100% tested 
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M28F512 

Figure 5. Read Mode AC Waveforms 

AO-A15 

I tAVAV 

f 
[;::::: tAVQV -- tAXOX 

f.- tELQV-- LtEHQZ-

I-- tELOX -
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tGLQX 

000-007 DATA OUT 

VA00551 

Figure 6. Read Command Waveforms 
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AO-A15 

tAX OX 

tEHOZ 
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M28F512 

Figure 7. Electronic Signature Command Waveforms 
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M28F512 

Table 9A. Read/Write Mode AC Characteristics - W and E Controlled 
(TA = 0 to 70 oc, --40 to 85 oc or-40 to 125 oc; Vee= 5V ± 5% or 5V ± 10%) 

M28F512 
Symbol All Parameter -10 -12 Unit 

Min Max Min Max 

IVPHEL Vpp High to Chtp Enable Low 1 1 [lS 

tvPHWL Vpp High to Write Enable Low 1 1 [lS 

twHWH3 I we Write Cycle Time 100 120 ns 

IAVWL lAs Address Valid to Wnte Enable Low 0 0 ns 

lA VEL Address Valid to Chip Enable Low 0 0 ns 

twLAX tAH Write Enable Low to Address Transition 60 60 ns 

tEL AX Chip Enable Low to Address Transition 80 80 ns 

tELWL tcs Chip Enable Low to Write Enable Low 20 20 ns 

twLEL Write Enable Low to Chip Enable Low 0 0 ns 

tGHWL Output Enable High to Write Enable Low 0 0 [lS 

tGHEL Output Enable High to Chip Enable Low 0 0 !15 

tovwH los Input Valid to Write Enable High 50 50 ns 

tovEH Input Valid to Chip Enable High 50 50 ns 

twLWH twp Write Enable Low to Write Enable High (Write Pulse) 60 60 ns 

tELEH Chip Enable Low to Chip Enable High (Write Pulse) 70 70 ns 

IWHOX loH Write Enable High to Input Transition 10 10 ns 

tEHOX Chip Enable High to Input Transition 10 10 ns 

twHWH1 Duration of Program Operation 9.5 9.5 [lS 

IEHEH1 Duration of Program Operation 9.5 9.5 [lS 

IWHWH2 Duration of Erase Operation 9.5 9.5 ms 

twHEH lcH Write Enable High to Chip Enable High 0 0 ns 

IEHWH Chip Enable High to Write Enable High 0 0 ns 

IWHWL IWPH Write Enable High to Write Enable Low 20 20 ns 

tEHEL Chip Enable High to Chip Enable Low 20 20 ns 

twHGL Write Enable High to Output Enable Low 6 6 [lS 

tEHGL Chip Enable High to Output Enable Low 6 6 [lS 

tAVQV lAce Addess Valid to data Output 100 120 ns 

tELOX (1) hz Chip Enable Low to Output Transition 0 0 ns 

tELQV IcE Chip Enable Low to Output Valid 100 120 ns 

IGLQX 11 ) loLZ Output Enable Low to Output Transition 0 0 ns 

tGLQV toE Output Enable Low to Output Valid 45 50 ns 

tEHOZ (1) Chip Enable High to Output Hi-Z 40 50 ns 

tGHQZ I') !oF Output Enable High to Output Hi-Z 30 30 ns 

tAX OX toH Address Transition to Output Transition 0 0 ns 

Notes: 1. Sampled only, not 100% tested _ _ 
2. A Write is enabled by a valid combination of Chip Enable (E) and Wnte Enable (W). When Wnte is controlled by Chip Enable 

(with a Chip Enable pulse width smaller than Wnte Enable), all t1mings should be measured relat1ve to Ch1p Enable waveform. 

-'-'10"-'/1..:..6 __________ ID'I SGS-THOMSON 
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M28F512 

Table 98. Read/Write Mode AC Characteristics-Wand E Controlled 
(TA = 0 to 70 °C, -40 to 85 oc or-40 to 125 oc; Vee= 5V ± 5% or 5V ± 10%) 

M28F512 

Symbol AI! Parameter -15 -20 Unit 

Min Max Min Max 

IVPHEL Vpp High to Chip Enable Low 1 1 [.IS 

IVPHWL Vpp High to Write Enable Low 1 1 [.IS 

lWHWH3 twc Write Cycle Time 150 200 ns 

lAVWL lAS Address Valid to Write Enable Low 0 0 ns 

lA VEL Address Valid to Chip Enable Low 0 0 ns 

lWLAX lAH Write Enable Low to Address Transition 60 60 ns 

lELAX Chip Enable Low to Address Transition 80 80 ns 

IELWL tcs Chip Enable Low to Write Enable Low 20 20 ns 

lwLEL Write Enable Low to Chip Enable Low 0 0 ns 

IGHWL Output Enable High to Write Enable Low 0 0 [.IS 

IGHEL Output Enable High to Chip Enable Low 0 0 [.IS 

tovwH los Input Valid to Wnte Enable H1gh 50 50 ns 

lovEH Input Valid to Chip Enable High 50 50 ns 

IWLWH twp Write Enable Low to Write Enable High (Write Pulse) 60 60 ns 

tELEH Chip Enable Low to Chip Enable High (Write Pulse) 70 70 ns 

IWHDX loH Write Enable High to Input Transition 10 10 ns 

tEHDX Chip Enable High to Input Transition 10 10 ns 

twHWH1 Duration of Program Operation 9.5 9.5 [.IS 

IEHEH1 Duration of Program Operation 9.5 9.5 [.IS 

twHWH2 Duration of Erase Operation 9.5 9.5 ms 

twHEH lcH Write Enable High to Chip Enable High 0 0 ns 

IEHWH Chip Enable H1gh to Write Enable H1gh 0 0 ns 

IWHWL IWPH Write Enable High to Write Enable Low 20 20 ns 

IEHEL Chip Enable High to Chip Enable Low 20 20 ns 

IWHGL Write Enable High to Output Enable Low 6 6 [.IS 

lEHGL Chip Enable High to Output Enable Low 6 6 [.IS 

IAVOV lAce Addess Valid to data Output 150 200 ns 

IELox 111 ILZ Chip Enable Low to Output Transition 0 0 ns 

IELOV IcE Chip Enable Low to Output Valid 150 200 ns 

IGLOX (1) toLZ Output Enable Low to Output Transition 0 0 ns 

tGLOV loE Output Enable Low to Output Valid 55 60 ns 

IEHOZ 111 Chip Enable High to Output H1-Z 55 60 ns 

IGHOZ 111 I oF Output Enable High to Output H1-Z 35 40 ns 

lAX OX loH Address Transition to Output Transition 0 0 ns 

Notes: 1. Sampled only. not 100%tested _ _ 
2. A Wnte 1s enabled by a valid combmat1on of Chip Enable (E) and Wnte Enable (W) When Wnte IS controlled by Chip Enable 

(w1th a Chip Enable pulse w1dth smaller than Wnte Enable). all t1m1ngs should be measured relat1ve to Chip Enable waveform 
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Figure 11. Erasing Flowchart 

Vpp = 12V 

Vpp < 6.5V, PASS 

VA00677 

Limit: 1000 at grades 1 & 6; 6000 at grade 3. 

PRESTO F ERASE ALGORITHM 

The PRESTO F Erase Algorithm guarantees that 
the device will be erased in a reliable way. The 
algorithm first programms all bytes to DOh in order 
to ensure uniform erasure. The programming fol­
lows the Presto F Programming Algorithm (see 
below). Erase is set-up by writing 20h to the com­
mand register, the erasure is started by repeating 
this write cycle. Erase Verify is set-up by writing 
OAOh to the command register together with the 
address of the byte to be verified. The subsequent 
read cycle reads the data which is compared to 
OFFh. Erase Verify begins at address OOOOh and 
continues to the last address or until the compari­
son of the data to OFFh fails. If this occurs, the 
address of the last byte checked is stored and a 
new Erase operation performed. Erase Verify then 
continues from the address of the stored location. 

Figure 12. Programming Flowchart 
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PRESTO F PROGRAM ALGORITHM 

M28F512 

VA00687 

The PRESTO F Programming Algorithm applies a 
series of 1 D11s programming pulses to a byte until 
a correct verify occurs. Up to 25 programming 
operations are allowed for one byte. Program is 
set-up by writing 40h to the command register, the 
programming is started after the next write cycle 
which also latches the address and data to be 
programmed. Program Verify is set-up by writing 
OCOh to the command register, followed by a read 
cycle and a compare of the data read to the data 
expected. During Program and Program Verify op­
erations a MARGIN MODE circuit is activated to 
guarantee that the cell is programmed with a safety 
margin. 

r=-= SGS-ntOMSON 15/16 --------------- A.""fl ioiDii;:ll:l@m~ii;:liilil@lilD©© ---------------
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ORDERING INFORMATION 

Example: M28F512 -12 X C 3 

Speed Temperature Range 

-10 100 ns X ±5% B Oto70°C 

-12 120 ns blank ±10% c PLCC32 3 -40 to 125 oc 
-15 150 ns 6 -40 to 85 oc 
-20 200 ns 

For a list of available options of Speed, Vee Tolerance, Package and Temperature Range, refer to the 
Selector Guide in this Data Book or to the current Memory Shortform Catalogue. 
For further information on any aspect of this device, please contact our Sales Office nearest you . 

..:.16=-'..:..:16:...._ ___________ ~ ~itm~m~~~lj --------------
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CMOS 1 Megabit (128K x 8) FLASH MEMORY 

• FAST ACCESS TIME: 100ns 

• LOW POWER CONSUMPTION 
- Standby Current: 1 OO!lA Max 

• 10,000 ERASE/PROGRAM CYCLES 

• 12V PROGRAMMING VOLTAGE 

• TYPICAL BYTE PROGRAMING TIME 101lS 
(PRESTO F ALGORITHM) 

• ELECTRICAL CHIP ERASE IN 1s RANGE 

• INTEGRATED ERASE/PROGRAM-STOP 
TIMER 

DESCRIPTION 

The M28F1 01 FLASH MEMORY is a non-volatile 
memory which may be erased electrically at the 
chip level and programmed byte-by-byte. It is or­
ganised as 128K bytes of 8 bits. It uses a command 
register architecture to select the operating modes 
and thus provides a simple microprocessor inter­
face. The M28F1 01 FLASH MEMORY is suitable 
for applications where the memory has to be repro­
grammed in the equipment. The access time of 
1 DOns makes the device suitable for use in high 
speed microprocessor systems. 

Table 1. Signal Names 

AO-A16 Address Inputs 

DQ0-007 Data Inputs I Outputs 

E Chip Enable 
-
G Output Enable 
-w Write Enable 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

May 1992 

PDIP32 (P) 

PTS032 (N) 
8x 20 mm 

Figure 1. Logic Diagram 

Vee Vpp 

ADVANCE DATA 

PLCC32 (K) 

17 8 

AO-A16 DQ0-007 

w M28F101 

Vss 
VA00666 

1/16 

This is advance mformatJon on a new product now 1n development or undergomg evaluation. Deta1ls are subject to change Without not1ce 
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Figure 2A. DIP Pin Connections Figure 28. LCC Pin Connections 

Vpp [ 1 \J 32 P Vee 
A16 [ 2 31 p w 
A15 [ 3 30 p NC 

N "' 
[l_ u 

::;: ::;: ::;: [l_ u u 
> > 13: z 

A12 [ 4 29 p A14 
A7 [ 5 28 p A13 

A? A14 
A6 A13 

A6 [ 6 27 p A8 
AS [ 7 26 p A9 
A4[ 8 25 p A11 
A3 [ 9 M28F101 24 p G 
A2 [ 10 23 p A1 0 

A5 A8 

A4 A9 

A3 A11 
A2 G 

A1 11 22 p E 
AD 12 21 p 007 

DQO 13 20 p D06 
001 14 19 p 005 

A1 A10 
AO E 

DQO 007 

002 15 18 004 
Vss 16 17 003 0 N (/) n "" en "' 0 (/) 0 a a a 

0 0 > 0 0 0 0 
VA00668 

VA00667 

Warnmg: NC =No Connection Warning: NC =No Connection 

Figure 2C. PTSO Pin Connections Figure 20. PTSO Reverse Pin Connections 

N "' "' 
[l_ u .;- n 0 ~ "' ((Jf"l .q- 1.{) (.D !"- 0 

"" "'"' c-- ::;: ::;: ::;: [l_ u u ::;: ::;: ro m ::;: 
...., N~ 0 aaa (/)00000 

::;: IL'l <t <t <t <t > > 13: z <t <t <t <t <t <t o o o > o o o o o lw 

16 CD 15 1 
<l 

M28F1 01 M28F101 
(Normol) (Reverse) 

17 

n "'~ ~882i f28 .q- LD lO r--- rw o IL'l "" "' "' 1'-N <f) & ts 13: u "" n ro "'~ 
<t <t <t 0000 ::;: ""' ""' <t <t ::;: ::;: ::;: z ::;: ::;: <t <t ::;: 

0 0 > 0 0 0 0 0 > > 
VA00669 VA00670 

Warning: NC =No Connection Warning: NC =No Connection 

2/16 ~ SCS·THOMSON =..:-=--------------- A"'!l 1~D~£;1i2@]~~©WJ©I\ilC©ll -----------------

298 



M28F101 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto 70 
grade 3 -40to 125 oc 
grade 6 -40to85 

Tsm Storage Temperature -65 to 150 oc 
V1o Input or Output Voltages -Q.6 to 7 v 
Vee Supply Voltage -o.6to7 v 
VAs A9 Voltage -o.6 to 13.5 v 

Vpp Program Supply Voltage, during Erase -o.6 to 14 v or Programming 

Note: Except for the rating "Operat1ng Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device These are stress ratings only and operation of the dev1ce at these or any other conditions above those 
1nd1cated m the Operating sections of this specification 1s not implied. Exposure to Absolute Maximum Rating cond1t1ons for extended periods 
may affect dev1ce reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

DEVICE OPERATION 

The M28F101 FLASH MEMORY employs a tech­
nology similar to a 1 Megabit EPROM but adds to 
the device functionality by providing electrical era­
sure and programming. These functions are man­
aged by a command register. The functions that are 
addressed via the command register depend on 
the voltage applied to the Vpp, program voltage, 
input. When Vpp is less than or equal to 6.5V, the 
command register is disabled and M28F1 01 func­
tions as a read only memory providing operating 
modes similar to an EPROM (Read, Output Dis­
able, Electronic Signature Read and Standby). 
When Vpp is raised to 12V the command regsiter 
is enabled and this provides, in addition, Erase and 
Program operations. 

READ ONLY MODES, Vpp::; 6.5V 

For all Read Only Mod~ except Standby Mode, 
the Write Enable input W should be High. In the 
Standby Mode this input is don't care. 

Read Mode. The M28F1 01 has two enable inputs, 
E and G, both of which must be Low in order to 
output data from the memory. The Chip Enable (E) 
is the power control and sh.Q.uld be used for device 
selection. Output Enable (G) is the output control 
and should be used to gate data on to the output, 
independant of the device selection. 

Standby Mode. In the Standby Mode the maxi­
mum supply current is reduced from 30mA to 
1 OOJ.lA. The device is placed in the StandQ}t Mode 
by applying a High to the Chip Enable (E) input. 
When in the Standby Mode the outputs are in a high 

imped~nce state, independant of the Output En­
able (G) input. 

Q!Jtput Disable Mode. When the Output Enable 
(G) is High the outputs are in a high impedance 
state. 

Electronic Signature Mode. This mode allows the 
read out of two binary codes from the device which 
identify the manufacturer and device type. This 
mode is intended for use by programming equip­
ment to automatically select the correct erase and 
programming algorithms. The Electronic Signature 
Mode is active when a high voltqge (11.:?V to 13V) 
is applied to address line A9 with E and G Low. With 
AO Low the output data is the manufacturer code, 
when AO is High the output is the device type code. 
All other address lines should be maintained Low 
while reading the codes. 

READ/WRITE MODES, 11.4V 5 Vpp 512.6V 

When Vpp is High both read and write operations 
may be performed. These are defined by the con­
tents of an internal command register. Commands 
may be written to this register to set-up and exe­
cute, Erase, Erase Verify, Program, Program Verify 
and Reset modes. Each of these modes needs 2 
cycles. Every mode starts with a write operation to 
set-up the command, this is followed by either read 
or write operations. The device expects the first 
cycle to be a write operation and does not corrupt 
data at any location in memory. Read mode is 
set-up with one cycle only and may be followed by 
any number of read operations to output data. 
Electronic Signature Read mode is set-up with one 
cycle and followed by a read cycle to output the 
manufacturer or device codes. 

--------------15ii ~~~©mgm~~~~~ ____________ 3:::./..:..::16 
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Table 3. Operations <1) 

- - -
Vpp Operation E G w A9 DQO-DQ7 

Read Only VPPL Read V1L ViL VIH A9 Data Output 

Output Disable V1L V1H V1H X Hi-Z 

Standby V1H X X X Hi-Z 

Electronic Signature V1L V1L V1H V1o Codes 

Read/Write (21 VPPH Read V1L V1L V1H A9 Data Output 

Write V1L V1H V1L Pulse A9 Data Input 

Output Disable V1L V1H V1H X Hi-Z 

Standby V1H X X X Hi-Z 

Note: 1. X= VtL or V1H 

2. Refer also to the Command Table 

Table 4. Electronic Signature 

Identifier AO DQ7 DQ6 DQ5 DQ4 DQ3 DQ2 DQ1 DQO Hex Data 

Manufacturer's Code V1L 0 0 1 0 0 0 0 0 20h 

Device Code V1H 0 0 0 0 0 1 1 1 07h 

Table 5. Commands <1) 

Command Cycles 
1st Cycle 2nd Cycle 

Operation AO-A16 DQO-DQ7 Operation AO-A16 DQO-DQ7 

Read 1 Write X DOh 

Electronic Read OOOOOh 20h 
Signature 2 Write X 90h 

Read 00001h 07h 

Setup Erase/ 
2 

Write X 20h 

Erase Write X 20h 

Erase Verify 2 Wnte AO-A16 OAOh Read X Data Output 

Setup Program/ 
2 

Write X 40h 

Program Write AO-A16 Data Input 

Program Verify 2 Write X OCOh Read X Data Output 

Reset 2 Write X OFFh Write X OFFh 

Note: 1. X= VrL or VtH 

4/16 ~ SGS·THOMSON ..::...:-=-------------- .,""!1 [i(j]O©ll@~~rn©'iiOO©~o©:!: ----------------
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READ/WRITE MODES (cont'd) 

6_write to the _g_ommand register is made by_bringing 
W Low while E is Low. The falling edge of W latches 
Addresses, while the rising edge latches Data, 
which are used for those commands that require 
address inputs, command input or provide data 
output. 

When the device is powered up and when Vpp is :o; 
6.5V the contents of the command register default 
to OOh, thus automatically setting-up Read opera­
tions. In addition a specific command may be used 
to set the command register to OOh for reading the 
memory. 

The system designer may chose to provide a con­
stant high Vpp and use the register commands for 
all operations, or to switch the Vpp from low to high 
only when needing to erase or program the mem­
ory. All command register access is inhibited when 
Vee falls below the Erase/Write Lockout Voltage 
(VLKO) of 2.5V. 

If the device is deselected during Erasure, Pro­
gramming or Verification it will draw active supply 
currents until the operations are terminated. 

The device is protected against stress caused by 
long erase or program times. If the end of Erase or 
Programming operations are not terminated by a 
Verify cycle within a maximum time permitted, an 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times ,; 10ns 

Input Pulse Voltages 0.45V to 2.4 V 

Input and Output Timing Ref. Voltages O.BV to 2V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 
~2.0V 

~0.8V 
0.45V 

VA00827 

Table 6. Capacitance (TA = 25 oc, f = 1 MHz) 

M28F101 

internal stop timer automatically stops the opera­
tion. The device remains in an inactive state, ready 
to start a Verify or Reset Mode operation. 

Read Mode. The Read Mode is the default at 
power up or may be set-up by writing OOh to the 
command register. Subsequent read operations 
output data from the memory. The memory remains 
in the Read Mode until a new command is written 
to the command register. 

Electronic Signature Mode. In order to select the 
correct erase and programming algorithms for on­
board programming, the manufacturer and devices 
code may be read directly. It is not neccessary to 
apply a high voltage to A9 when using the com­
mand register. The Electronic Signature Mode is 
set-up by writing 90h to the command register. The 
following read cycle, with address inputs OOOOOh or 
00001 h, output the manufacturer or device type 
codes. The command is terminated by writing an­
other valid command to the command register (for 
example Reset). 

Erase and Erase Verify Modes. The memory is 
erased by first Programming all bytes to OOh, the 
Erase command then erases them to OFFh. The 
Erase Verify command is then used to read the 
memory byte-by-byte for a content of OFF h. 

The Erase Mode is set-up by writing 20h to the 
command register. The write cycle is then repeated 

Figure 4. AC Testing Load Circuit 

DE:VICE: 
UNDE:R 

1.3V 

l1N914 

D 3.3KO 

OUT 

TEST """'""" CL=100pF 

1 
CL 1ncludes JIG capoc1tance 

VA00828 

Symbol Parameter Test Condition Min Max Unit 

c1N Input Capacitance YIN= OY 6 pF 

Cour Output Capacitance Your= OY 12 pF 

Note: th1s parameter is sampled only and not tested1 00% 

--------------------------- ~~~~@~~l~~------------------------5~/~16 
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Table 7. DC Characteristics 
(TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee= 5V ± 5% or 5V ± 10%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV,;; V1N,;; Vee ±1 !lA 

ILO Output Leakage Current OV,;; VouT,;; Vee ±10 !lA 

Icc Supply Current (Read) E = V1L, f = 6MHz 30 rnA 

lcc1 
Supply Current (Standby) TTL E=VIH 1 rnA 

Supply Current (Standby) CMOS E = Vcc±0.2V 100 !lA 

lcc2 111 Supply Current (Programming) 
During Programming (grade 1 & 6) 10 rnA 

During Programming (grade 3) 30 rnA 

lcc3 111 Supply Current (Program Verify) 
During Verify (grade 1 & 6) 15 rnA 

During Verify (grade 3) 30 rnA 

lcc4 111 Supply Current (Erase) 
During Erasure (grade 1 & 6) 15 rnA 

During Erasure (grade 3) 30 rnA 

Ices 111 Supply Current (Erase Verify) 
During Erase Verify (grade 1 & 6) 15 rnA 

During Erase Venfy (grade 3) 30 rnA 

Ices 
Supply Current (Electronic A9 = V1o (grade 3 only) 30 rnA 
Signature) 

ILPP Program Leakage Current Vpp,;; Vee ±10 !lA 

lpp Program Current (Read or Vpp >Vee 200 !lA 
Standby) Vpp,;; Vee ±10 !!A 

IPP1(1) Program Current (Programming) Vpp = VPPH. During Programming 30 rnA 

IPP2111 Program Current (Program 
Vpp = VPPH, During Verify 5 rnA Verify) 

lpp3(1) Program Current (Erase) Vpp = VPPH, During Erase 30 rnA 

IPPl1 Program Current (Erase Verify) Vpp = VPPH, During Erase Verify 5 rnA 

lpps 111 Program Current (Electronic 
A9 = V1o (grade 3 only) 500 !lA Signature) 

VIL Input Low Voltage -0.5 0.8 v 

V1H 
Input High Voltage TTL 2 Vee+ 0.5 v 
Input High Voltage CMOS 0.7 Vee Vee+ 0.5 v 

VoL Output Low Voltage 
loL = 5.8mA (grade 1) 0.45 v 

loL = 2.1 rnA (grades 3 & 6) 0.45 v 

Output High Voltage CMOS 
loH = -100!1A 4.1 v 

VoH loH =-2.5mA 0.85 Vee v 
Output High Voltage TTL loH =-2.5mA 2.4 v 

VPPL 
Program Voltage (Read 

0 6.5 v Operations) 

VPPH 
Program Voltage (Read/Write 

11.4 12.6 v Operations) 

V1o A9 Voltage (Electronic Signature) 11.5 13 v 
ho 111 A9 Current (Electronic Signature) A9 = V1o 200 !lA 

VLKO 
Supply Voltage, Erase/Program 

2.5 v Lock-out 

Note: 1. Not 100% Tested Characterisation Data available 
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Table SA. Read Only Mode AC Characteristics 
(TA = 0 to 70 oc, -40 to 85 oc, -40 to 125 oc; Vee= 5V ± 5% or 5V ± 1 0%; OV S Vpp S 6.5V) 

M28F101 

Symbol A It Parameter Test Condition -100 -120 Unit 

Min Max Min Max 

IWHGL 
Write Enable High to Output 6 6 !lS Enable Low 

IAVAV IRe Read Cycle Time E = V1L, G = V1L 100 120 ns 

IAVQV IACC Address Valid to Output Valid E = V1L, G = V1L 100 120 ns 

IELQX (1) 
Chip Enable Low to Output -

ILZ Transition G= V1L 0 0 ns 

IELQV IcE Chip Enable Low to Output Valid G=ViL 100 120 ns 

IGLQX (1) 
Output Enable Low to Output -

loLZ Transition E = V1L 0 0 ns 

IGLov toE Output Enable Low to Output Valid E = V1L 45 50 ns 

IEHOZ (1) Chip Enable High to Output Hi-Z G= V1L 0 45 0 55 ns 

IGHOZ (1) I oF Output Enable High to Output Hi-Z E=VIL 0 30 0 30 ns 

Address Transition to Output - -
IAXOX loH Transition E = VIL, G = VIL 0 0 ns 

Note: 1 Sampled only, not 100% tested 

Table 88. Read Only Mode AC Characteristics 
((TA = 0 to 70 oc, -40 to 85 oc, -40 to 125 oc; Vee= 5V ± 5% or 5V ± 1 0%; OV s Vpp s 6.5V) 

M28F101 

Symbol All Parameter Test Condition -150 -200 Unit 

Min Max Min Max 

IWHGL 
Write Enable High to Output 

6 6 !lS Enable Low 

IAVAV IRe Read Cycle T1me E = VIL, G = VIL 150 200 ns 

IAVOV IACC Address Valid to Output Valid E = V1L, G = V1L 150 200 ns 

IELQX (1) 
Chip Enable Low to Output -

ILz Transition G=VIL 0 0 ns 

IELQV IcE Chip Enable Low to Output Valid G=VIL 150 200 ns 

IGLOX (1) 
Output Enable Low to Output -

!QLZ Transition E = V1L 0 0 ns 

IGLQV loE Output Enable Low to Output Valid E = VIL 55 60 ns 

IEHQZ(1) Chip Enable H1gh to Output Hi-Z G =VIL 0 55 0 60 ns 

IGHOZ (1) IDF Output Enable High to Output Hi-Z E = V1L 0 35 0 40 ns 

Address Transition to Output - -
lAX OX loH Transition 

E = ViL, G = VIL 0 = 0 ns 

Note: 1. Sampled only, not 1 00% tested 

---------------------------~~i~©~~:~~~~------------------------~~~16 
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Figure 5. Read Mode AC Waveforms 

I tAVAV 

AO-A16 l 
~tAvov-- tAXQX 

f4-- tELQV -- tEHQZ--. 

f4- tELQX -

tGLQV { tGHQZ----

tGLQX 

DQO-DQ7 DATA OUT 

VA00671 

Figure 6. Read Command Waveforms 

,..---------- -------------------

AO-A16 

tAXQX 

tEHQZ 

tGHQZ 

-14-----.1-<----*-- t WH D X 

DQO-DQ7 COMMAND -----------+---{DATA OUT 

:.--READ SET-UP_.; !----- READ _.; 
' ' 

VA00672 

:=.:s/--'-1=-6 ------------~ ~~~©!H~I~914 --------------
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Figure 7. Electronic Signature Command Waveforms 

,,-------------------------------------------
Vpp 

AO-A16 ===~ tAVQV tAXQX 

tEHQZ 

tGHQZ 

w 

tDVWH --'--__..o--+1--- tWHDX 

DQO-DQ7 COMMAND -----------+---fDATA OUT 

' 
I 

' 
;-- READ ELECTRONIC --i 
' SIGNATURE SET-UP ' 

READ/WRITE MODES (cont'd) 

to start the erase operation. Erasure starts on the 
rising edge of W during this second cycle. Erase is 
followed by an Erase Verify which reads an ad· 
dressed byte. 

Erase Verify Mode is set-up by writing OAOh to the 
command register and at the same time supplying 
the address of the byte to be verified. The rising 
edge ofW during the set-up of the first Erase Verify 
Mode stops the Erase operation. The following 
read cycle is made with an internally generated 
margin voltage applied, reading OFFh indicates 
that all bits of the addressed byte are fully erased. 
The whole contents of the memory are verified by 
repeating the Erase Verify Operation, first writing 
the set-up code OAOh with the address of the byte 
to be verified and then reading the byte contents in 
a second read cycle. 

As the Erase algorithm flow chart shows, when the 
data read during Erase Verify is not OFFh, another 
Erase operation is performed and verification con­
tinues from the address of the last verified byte. The 
command is terminated by writing another valid 

' 
:-- READ ------..; 
' MANUFACTURER ' 

OR DEVICE 
VA00673 

command to the command register (for example 
Program or Reset). 

Program and Program Verify Modes. The Pro­
gram Mode is set-up by writing 40h to the command 
register. This is followed by a second write cycle 
which latches the address and data of the byte to 
be programmed. The rising edge of W during this 
secind cycle starts the programming operation. 
Programming is followed by a Program Verify of the 
data written. 

Program Verify Mode is set-up by writing_QCOh to 
the command register. The rising edge of W during 
the set-up of the Program Verify Mode stops the 
Programming operation. The following read cycle, 
of the address already latched during program­
ming, is made with an internally generated margin 
voltage applied, reading valid data indicates that all 
bits have been programmed. 

Reset Mode. This command is used to safely abort 
Erase or Program Modes. The Reset Mode is 
set-up and performed by writing twice OFFh to the 
command register. The command should be fol­
lowed by writing a valid command to the the com­
mand register (for example Read). 

______________ ~ ~i~©mgm:~~~ ____________ .:::9,...:..::16 
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Table 9A. Read/Write Mode AC Characteristics - W and E Controlled 
(TA = 0 to 70 °C, -40 to 85 oc or-40 to 125 oc; Vee= 5V ± 5% or 5V ± 10%) 

M28F101 
Symbol All Parameter -10 -12 Unit 

Min Max Min Max 

lVPHEL Vpp High to Chip Enable Low 1 1 !!S 

tvPHWL Vpp High to Write Enable Low 1 1 !!S 

twHWH3 twc Write Cycle lime 100 120 ns 

tAVWL lAs Address Valid to Write Enable Low 0 0 ns 

lA VEL Address Valid to Chip Enable Low 0 0 ns 

IWLAX IAH Write Enable Low to Address Transition 60 60 ns 

tELAX Chip Enable Low to Address Transition 80 80 ns 

tELWL lcs Chip Enable Low to Wnte Enable Low 20 20 ns 

IWLEL Write Enable Low to Chip Enable Low 0 0 ns 

IGHWL Output Enable High to Write Enable Low 0 0 !!5 

IGHEL Output Enable High to Chip Enable Low 0 0 !!S 

tovwH los Input Valid to Write Enable High 50 50 ns 

tovEH Input Valid to Chip Enable High 50 50 ns 

lwLWH lwp Write Enable Low to Write Enable High (Write Pulse) 60 60 ns 

IELEH Chip Enable Low to Chip Enable High (Write Pulse) 70 70 ns 

IWHOX loH Wnte Enable High to Input Transition 10 10 ns 

IEHOX Chip Enable High to Input Transition 10 10 ns 

IWHWH1 Duration of Program Operation 9.5 9.5 !!S 

IEHEH1 Duration of Program Operation 9.5 9.5 !!5 

IWHWH2 Duration of Erase Operation 9.5 9.5 ms 

lwHEH lcH Write Enable High to Chip Enable High 0 0 ns 

IEHWH Chip Enable H1gh to Write Enable High 0 0 ns 

IWHWL IWPH Write Enable High to Write Enable Low 20 20 ns 

IEHEL Chip Enable High to Chip Enable Low 20 20 ns 

IWHGL Write Enable H1gh to Output Enable Low 6 6 !!5 

IEHGL Chip Enable H1gh to Output Enable Low 6 6 !!S 

IAVOV lAce Addess Valid to data Output 100 120 ns 

tELOX(1) ltz Chip Enable Low to Output Transition 0 0 ns 

IELOV IcE Chip Enable Low to Output Valid 100 120 ns 

IGLOX (1) lotz Output Enable Low to Output Transition 0 0 ns 

IGLQV loE Output Enable Low to Output Valid 45 50 ns 

IEHOZ (1) Chip Enable High to Output Hi-Z 40 50 ns 

IGHQZ (1) I oF Output Enable High to Output Hi-Z 30 30 ns 

lAX OX loH Address Transition to Output Transition 0 0 ns 

Note: 1. Sampled only. not 100% tested 

.:...10:::./.:.:16:...._ ___________ ~ ~i©m•~~~©~ _____________ _ 
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Table 98. Read/Write Mode AC Characteristics- W and E Controlled 
(TA = 0 to 70 oc, -40 to 85 °C or-40 to 125 oc; Vee= 5V ± 5% or 5V ± 10%) 

M28F101 

Symbol A It Parameter -150 -200 Unit 

Min Max Min Max 

IVPHeL Vpp High to Chip Enable Low 1 1 J.lS 

lvPHWL Vpp High to Write Enable Low 1 1 J.lS 

IWHWH3 !we Write Cycle Time 150 200 ns 

IAVWL lAs Address Valid to Write Enable Low 0 0 ns 

lA VeL Address Valid to Chip Enable Low 0 0 ns 

IWLAx IAH Write Enable Low to Address Transition 60 75 ns 

IELAX Chip Enable Low to Address Transition 80 80 ns 

teLWL tcs Chip Enable Low to Write Enable Low 20 20 ns 

IWLeL Write Enable Low to Chip Enable Low 0 0 ns 

IGHWL Output Enable High to Write Enable Low 0 0 J.lS 

tGHeL Output Enable High to Chip Enable Low 0 0 J.lS 

tovwH los Input Valid to Write Enable High 50 50 ns 

toveH Input Valid to Chip Enable High 50 50 ns 

twLWH twp Write Enable Low to Write Enable High (Write Pulse) 60 60 ns 

teLeH Chip Enable Low to Chip Enable High (Write Pulse) 70 70 ns 

twHDX toH Write Enable High to Input Transition 10 10 ns 

IEHDX Chip Enable High to Input Transition 10 10 ns 

lwHWH1 Duration of Program Operation 9.5 9.5 J.lS 

leHeHt Durat1on of Program Operation 9.5 9.5 J.lS 

IWHWH2 Duration of Erase Operation 9.5 9.5 ms 

twHeH lcH Write Enable High to Chip Enable High 0 0 ns 

teHWH Chip Enable High to Write Enable High 0 0 ns 

IWHWL IWPH Write Enable High to Write Enable Low 20 20 ns 

leHeL Chip Enable High to Chip Enable Low 20 20 ns 

twHGL Write Enable High to Output Enable Low 6 6 J.lS 

teHGL Chip Enable High to Output Enable Low 6 6 J.lS 

IAVQV IACC Addess Valid to data Output 150 200 ns 

leLOX(t) tLZ Chip Enable Low to Output Transition 0 0 ns 

teLOV Ice Chip Enable Low to Output Valid 150 200 ns 

tGLQX (t) loLZ Output Enable Low to Output Transition 0 0 ns 

tGLQV toe Output Enable Low to Output Valid 55 60 ns 

leHQZ(t) Chip Enable High to Output Hi-Z 55 60 ns 

IGHQZ(t) I oF Output Enable High to Output Hi-Z 35 40 ns 

IAXQX loH Address Transition to Output Transition 0 0 ns 

Note: 1. Sampled only, not 100% tested 
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Figure 11. Erasing Flowchart 

Vpp = 12V 

READ COMMAND 

~ 
Vpp < 6.5V, PASS 

VA00676 

Limit: 1 000 at grade 1 ; 6000 at grades 3 & 6. 

PRESTO F ERASE ALGORITHM 
The PRESTO F Erase Algorithm guarantees that 
the device will be erased in a reliable way. The 
algorithm first programms all bytes to OOh in order 
to ensure uniform erasure. The programming fol­
lows the Presto F Programming Algorithm (see 
below). Erase is set-up by writing 20h to the com­
mand register, the erasure is started by repeating 
this write cycle. Erase Verify is set-up by writing 
OAOh to the command register together with the 
address of the byte to be verified. The subsequent 
read cycle reads the data which is compared to 
OFFh. Erase Verify begins at address OOOOh and 
continues to the last address or until the compari­
son of the data to OFFh fails. If this occurs, the 
address of the last byte checked is stored and a 
new Erase operation performed. Erase Verify then 
continues from the address of the stored location. 

M28F101 

Figure 12. Programming Flowchart 

Vpp = 12V 

Vpp < 6 SV. PASS 
VA00677 

PRESTO F PROGRAM ALGORITHM 
The PRESTO F Programming Algorithm applies a 
series of 1 Oj.ts programming pulses to a byte until 
a correct verify occurs. Up to 25 programming 
operations are allowed for one byte. Program is 
set-up by writing 40h to the command register, the 
programming is started after the next write cycle 
which also latches the address and data to be 
programmed. Program Verify is set-up by writing 
OCOh to the command register, followed by a read 
cycle and a compare of the data read to the data 
expected. During Program and Program Verify op­
erations a MARGIN MODE circuit is activated to 
guarantee that the cell is programmed with a safety 
margin. 

-------------lifi ~~~@mgm:s~ ___________ _:.15:;:.,..:..;:.16 
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M28F101 

ORDERING INFORMATION 

Example: M28F101 -100 X N R 

Speed 

-100 100 ns X 

-120 120 ns blank 

-150 150 ns 

-200 200 ns 

±5% 

±10% 

r 
Package 

P PDIP32 

K PLCC32 

N PTS032 
8 x20 mm 

Option 

R Reverse 
Pin-Out 

6 -40 to 85 oc 

For a list of available options of Speed, Vee Tolerance, Package and Temperature Range, refer to the 
Selector Guide in this Data Book or to the current Memory Shortform Catalogue. 

For further information on any aspect of this device, please contact our Sales Office nearest you. 
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M28F102 

CMOS 1 Megabit (64K x 16) FLASH MEMORY 

• FAST ACCESS TIME: 100ns 

• LOW POWER CONSUMPTION 
- Standby Current: 1 0011A Max 

• 10,000 ERASE/PROGRAM CYCLES 

• 12V PROGRAMMING VOLTAGE 

• TYPICAL BYTE PROGRAMMING TIME 1 OiJ.S 
(PRESTO F ALGORITHM) 

• ELECTRICAL CHIP ERASE IN 1s RANGE 

• INTEGRATED ERASE/PROGRAM-STOP 
TIMER 

DESCRIPTION 

The M28F1 02 FLASH MEMORY is a non-volatile 
memory which may be erased electrically at the 
chip level and programmed word-by-word. It is 
organised as 64K words of 16 bits. It uses a com­
mand register architecture to select the operating 
modes and thus provides a simple microprocessor 
interface. The M28F1 02 FLASH MEMORY is suit­
able for applications where the memory has to be 
reprogrammed in the equipment. The access time 
of 1 OOns makes the device suitable for use in high 
speed microprocessor systems. 

Table 1. Signal Names 

AO-A15 Address Inputs 

DQO· DQ15 Data Inputs I Outputs 

E Chip Enable 

G Output Enable 

w Write Enable 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

May 1992 

ADVANCE DATA 

PDIP40 (P) PLCC44 (K) 

Figure 1. Logic Diagram 

Vee Vpp 

16 16 

DQO-DQ15 

M28F102 

Vss 
VA00627 

1/16 

Thrs rs advance rnformatron on a new product now m development or undergomg evaluatron Detarls are subject to change wrthout notrce 
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Figure 2A. DIP Pin Connections Figure 28. LCC Pin Connections 

Vpp 1 
\..../ 

40 P Vee 

r 2 39 pw 
015 3 38 P Ne 

014 4 37 P A15 
013 5 36 P A14 
012 6 35 PA13 
011 7 34 PA12 
010 8 33 P A11 
09 9 32 P A10 

"' ... "' 
o._ u,.._ ... 

a a a ()._:::> u~ 
IS: 

u < lw > 0 > < z 

Q12 A13 

Q11 A12 

Q10 A11 

Q9 A10 

08 10 31 P A9 
Vss 11 M28F102 30 P Vss 
07 12 29 P A8 
06 13 28 P A7 
05 14 27 P A6 
04. 15 26 P AS 
03 16 25 PM 
02 17 24 P A3 
Q1 18 23 P A2 
QO 19 22 P A1 
TI 20 21 p AD 

QB A9 

Vss Vss 
NC NC 

Q7 AB 

06 A7 

Q5 A6 

04 A5 

"' N 0 0 I'-' :::> 0 < N "' ... 0 0 0 0 < < < < 

VA00629 
VA00628 

Warning: NC = No Connection Warning: NC = No Connection, DU = Don't Use 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto70 
grade 3 -40to 125 oc 
grade 6 -40to85 

Tsm Storage Temperature -65to 150 oc 
V1o Input or Output Voltages -0.6 to 7 v 
Vee Supply Voltage -0.6 to 7 v 
VA9 A9Voltage -0.6 to 13.5 v 

Vpp Program Supply Voltage, during Erase -0.6 to 14 v or Programming 

Note: Except for the rat1ng "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Rat~ngs" may cause 
permanent damage to the device. These are stress ratings only and operabon of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliabihty. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 

DEVICE OPERATION 
The M28F1 02 FLASH MEMORY employs a tech­
nology similar to a 1 Megabit EPROM but adds to 
the device functionality by providing electrical era­
sure and programming. These functions are man­
aged by a command register. The functions that are 
addressed via the command register depend on 
the voltage applied to the Vpp, program voltage, 

input. When Vpp is less than or equal to 6.5V, the 
command register is disabled and M28F1 02 func­
tions as a read only memory providing operating 
modes similar to an EPROM (Read, Output Dis­
able, Electronic Signature Read and Standby). 
When Vpp is raised to 12V the command regsiter 
is enabled and this provides, in addition, Erase and 
Program operations. 

2/16 ~ SGS·ntOMSON :::....:..::.._ _____________ /Jt."!l llliJO~~rn©lMI©Il'IO©Iil ---------------
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READ ONLY MODES, Vpp:::; 6.5V 

For all Read Only Mod~ except Standby Mode, 
the Write Enable input W should be High. In the 
Standby Mode this input is 'don't care'. 

f!ead 1\!!Qde. The M28F1 02 has two enable inputs, 
E and G, both of which must be Low in order to 
output data from the memory. The Chip Enable (E) 
is the power control and sh..Q.uld be used for device 
selection. Output Enable (G) is the output control 
and should be used to gate data on to the output, 
independant of the device selection. 

Standby Mode. In the Standby Mode the maxi­
mum supply current is reduced from SOmA to 
1 OOJlA. The device is placed in the StandQ}' Mode 
by applying a High to the Chip Enable (E) input. 
When in the Standby Mode the outputs are in a high 
impedj!nce state, independant of the Output En­
able (G) input. 

~tput Disable Mode. When the Output Enable 
(G) is High the outputs are in a high impedance 
state. 

Electronic Signature Mode. This mode allows the 
read out of two binary codes from the device which 
identify the manufacturer and device type. This 
mode is intended for use by programming equip­
ment to automatically select the correct erase and 
programming algorithms. The Electronic Signature 
Mode is active when a high volta_ge (11JiV to 13V) 
is applied to address line A9 with E and G Low. With 
AO Low the output data is the manufacturer code, 
when AO is High the output is the device type code. 
All other address lines should be maintained Low 
while reading the codes. 

Table 3. Operations <1> 

Vpp Operation E 

Read Only VPPL Read V1L 

Output Disable V1L 

Standby V1H 

Electronic Signature V1L 

Read/Write !21 VPPH Read V1L 

Write V1L 

Output Disable VJL 

Standby VJH 

Note: 1. X= v,L or v,H 
2. Refer also to the Command Table 

M28F102 

READ/WRITE MODES, 11.4V:::; Vpp :::; 12.6V 

When Vpp is High both read and write operations 
may be performed. These are defined by the con­
tents of an internal command register. Commands 
may be written to this register to set-up and exe­
cute, Erase, Erase Verify, Program, Program Verify 
and Reset modes. Each of these modes needs 2 
cycles. Every mode starts with a write operation to 
set-up the command, this is followed by either read 
or write operations. The device expects the first 
cycle to be a write operation and does not corrupt 
data at any location in memory. Read mode is 
set-up with one cycle only and may be followed by 
any number of read operations to output data. 
Electronic Signature Read mode is set-up with one 
cycle and followed by a read cycle to output the 
manufacturer or device codes. 

A write to the _£ommand register is made by_bringing 
W Low while E is Low. The falling edge of W latches 
Addresses, while the rising edge latches Data, 
which are used for those commands that require 
address inputs, command input or provide data 
output. 

When the device is powered up and when Vpp is:::; 
6.5V the contents of the command register default 
to OOOOh, thus automatically setting-up Read oper­
ations. In addition a specific command may be 
used to set the command register to OOOOh for 
reading the memory. 

The system designer may chose to provide a con­
stant high Vpp and use the register commands for 
all operations, or to switch the Vpp from low to high 
only when needing to erase or program the mem­
ory. All command register access is inhibited when 

- -
G w A9 DQO-DQ15 

V1L V1H A9 Data Output 

V1H V1H X Hi-Z 

X X X Hi-Z 

V1L V1H V1D Codes 

V1L VJH A9 Data Output 

VJH V1L Pulse A9 Data Input 

VJH VJH X Hi·Z 

X X X Hi-Z 

-------------~ ~itm~~~~~ ____________ 3"'"/"'""16 
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Table 4. Electronic Signature 

Identifier AD DQ15-DQ8 DQ7 DQ6 

Manufacturer's V1L 0 0 0 Code 

Device Code VIH 0 0 1 

Table 5. Commands <1> 

Command Cycles 
1st Cycle 

Operation AO-A15 

Read 1 Write X 

Electronic 2 Write X Signature 

Setup Erase/ 
2 

Write X 

Erase 

Erase Verify 2 Write AO-A15 

Setup Program/ 
2 

Write X 

Program 

Program Verify 2 Write X 

Reset 2 Write X 

READ/WRITE MODES (cont'd) 

Vee falls below the Erase/Write Lockout Voltage 
(VLKO) of 2.5V. 

If the device is deselected during Erasure, Pro­
gramming or Verification it will draw active supply 
currents until the operations are terminated. 

The device is protected against stress caused by 
long erase or program times. If the end of Erase or 
Programming operations are not terminated by a 
Verify cycle within a maximum time permitted, an 
internal stop timer automatically stops the opera­
tion. The device remains in an inactive state, ready 
to start a Verify or Reset Mode operation. 

Read Mode. The Read Mode is the default at 
power up or may be set-up by writing OOOOh to the 
command register. Subsequent read operations 
output data from the memory. The memory remains 
in the Read Mode until a new command is written 
to the command register. 

DQS DQ4 DQ3 DQ2 DQ1 DQO Hex Data 

1 0 0 0 0 0 0020h 

0 1 0 0 0 0 0050h 

2nd Cycle 

DQO-DQ15 Operation AO-A15 DQO-DQ15 

OOOOh 

0090h 
Read OOOOh 0020h 

Read 0001h 0050h 

0020h 

Write X 0020h 

OOAOh Read X Data Output 

0040h 

Write AO-A15 Data Input 

OOCOh Read X Data Output 

OFFFFh Write X OFFFFh 

Electronic Signature Mode. In order to select the 
correct erase and programming algorithms for on­
board programming, the manufacturer and devices 
code may be read directly. It is not neccessary to 
apply a high voltage to A9 when using the com­
mand register. The Electronic Signature Mode is 
set-up by writing 0090h to the command register. 
The following read cycle, with address inputs 
OOOOh or 0001 h, output the manufacturer or device 
type codes. The command is terminated by writing 
another valid command to the command register 
(for example Reset). 

Erase and Erase Verify Modes. The memory is 
erased by first Programming all bytes to OOOOh, the 
Erase command then erases them to OFFFFh. The 
Erase Verify command is then used to read the 
memory byte-by-byte for a content of OFFFFh. 

The Erase Mode is set-up by writing 0020h to the 
command register. The write cycle is then repeated 
to start the erase operation. Erasure starts on the 
rising edge of W during this second cycle. Erase is 

_;;4,-'-1.;:_6 ____________ ~ ~~m~~~O!~©~ _____________ _ 
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READ/WRITE MODES (cont'd) 

followed by an Erase Verify which reads an ad­
dressed byte. 

Erase Verify Mode is set-up by writing OOAOh to the 
command register and at the same time supplying 
the add~ss of the byte to be verified. The rising 
edge of W during the set-up of the first Erase Verify 
Mode stops the Erase operation. The following 
read cycle is made with an internally generated 
margin voltage applied, reading OFFFFh indicates 
that all bits of the addressed byte are fully erased. 
The whole contents of the memory are verified by 
repeating the Erase Verify Operation, first writing 
the set-up code OOAOh with the address of the byte 
to be verified and then reading the byte contents in 
a second read cycle. 

As the Erase algorithm flow chart shows, when the 
data read during Erase Verify is not OFFFFh, an­
other Erase operation is performed and verification 
continues from the address of the last verified byte. 
The command is terminated by writing another 
valid command to the command register (for exam­
ple Program or Reset). 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

~ 10ns 

0.45V to 2.4V 

Input and Output Timing Ref. Voltages 0.8V to 2V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 
~2.0V 

~0.8V 
0.45V 

VAOOB27 

Table 6. Capacitance (T A = 25 oc, f = 1 MHz ) 

M28F102 

Program and Program Verify Modes. The Pro­
gram Mode is set-up by writing 40h to the command 
register. This is followed by a second write cycle 
which latches the address and data~ the byte to 
be programmed. The rising edge of W during this 
secind cycle starts the programming operation. 
Programming is followed by a Program Verify of the 
data written. 

Program Verify Mode is set-up by writing QQCOh to 
the command register. The rising edge of W during 
the set-up of the Program Verify Mode stops the 
Programming operation. The following read cycle, 
of the address already latched during program­
ming, is made with an internally generated margin 
voltage applied, reading valid data indicates that all 
bits have been programmed. 

Reset Mode. This command is used to safely abort 
Erase or Program Modes. The Reset Mode is 
set-up and performed by writing twice OFFFFh to 
the command register. The command should be 
followed by writing a valid command to the the 
command register (for example Read). 

Figure 4. AC Testing Load Circuit 

1 3V 

1N914 

3.3KO 

DEVICE 
UNDER 
TEST T CL=100pF 

CL includes JIG capacitance 

OUT 

VA00828 

Symbol Parameter Test Condition - Min Max Unit 

CIN Input Capacitance VIN = ov 6 pF 

Cour Output Capacitance Vour= OV 12 pF 

Note: this parameter IS sampled only and not tested! 00% 

------------ ID'I SGS·lHOMSON __________ _::::51:...:..::::16 
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Table 7. DC Characteristics 
(TA = 0 to 70 °C, -40 to 85 oc or-40 to 125 oc; Vee= 5V ± 10%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV ~ V1N ~Vee ±1 I!A 

ILO Output Leakage Current OV ~ Vour ~Vee ±10 I!A 

Icc Supply Current (Read) E = V1L, f = 5MHz 50 mA 

lcc1 
Supply Current (Standby) TTL E=VIH 1 mA 

Supply Current (Standby) CMOS E =Vee± 0.2V 100 I!A 

lcc2 111 Supply Current (Programming) During Programming 10 mA 

Ices 111 Supply Current (Program Verify) During Verify 30 mA 

lcc4 111 Supply Current (Erase) During Erasure 15 mA 

Ices 111 Supply Current (Erase Verify) During Erase Verify 30 mA 

ILPP Program Leakage Current Vpp ~Vee ±10 I!A 

lpp Program Current (Read or Vpp >Vee 200 I!A 
Standby) Vpp ~Vee ±10 I!A 

IPP1(1) Program Current (Programming) Vpp = VPPH, During Programming 50 mA 

IPP2(1) Program Current (Program Vpp = VPPH, During Verify 5 mA Verify) 

lpps(1) Program Current (Erase) Vpp = VPPH, During Erase 50 mA 

IPP4(1) Program Current (Erase Verify) Vpp = VPPH, During Erase Verify 5 mA 

ViL Input Low Voltage -0.5 0.8 v 

V1H 
Input High Voltage TTL 2 Vee+ 0.5 v 
Input High Voltage CMOS 0.7Vcc Vee+ 0.5 v 

VoL Output Low Voltage 
loL = 5.8mA (grade 1) 0.45 v 

loL = 2.1 mA (grade 3 & 6) 0.45 v 

Output High Voltage CMOS 
loH =-1001!A Vcc-0.4 v 

VoH loH =-2.5mA 0.85 Vee v 
Output High Voltage TTL loH =-2.5mA 2.4 v 

VPPL Program Voltage (Read 0 6.5 v Operations) 

VPPH Program Voltage (Read/Write 11.4 12.6 v Operations) 

V1o A9 Voltage (Electronic Signature) 11.5 13 v 
ho 111 A9 Current (Electronic Signature) A9= V1o 200 I!A 

VLKO Supply Voltage, Erase/Program 2.5 v Lock-out 

Note: 1. Not 1 00% Tested. Charactensat1on Data avrulable. 

=6'..:.16::....._ ___________ 15fi ~!i©m~~~~©~ ____________ _ 
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Table 8A. Read Only Mode AC Characteristics 
(TA = 0 to 70 oc, -40 to 85 oc, -40 to 125 °C; Vee= 5V ± 10%; OV ~ Vpp ~ 6.5V) 

M28F102 
Symbol A It Parameter Test Condition -100 -120 Unit 

Min Max Min Max 

IAVAV IRe Read Cycle Time E = VIL, G = VIL 100 120 ns 

IAVQV lAce Address Valid to Output Valid E = VIL, G = VIL 100 120 ns 

IELQX (1) Chip Enable Low to Output -
0 0 ILz Transition G=ViL ns 

IELQV IcE Chip Enable Low to Output Valid G=VIL 100 120 ns 

IGLQX (1) Output Enable Low to Output -
loLZ Transition E=VIL 0 0 ns 

tGLQV toE Output Enable Low to Output Valid E= V1L 45 50 ns 

IEHQZ(1) Chip Enable High to Output Hi-Z G=VIL 0 40 0 40 ns 

IGHQZ (1) IDF Output Enable High to Output Hi-Z E=VIL 0 30 0 30 ns 

lAX OX loH Address Transition to Output E = VIL, G = ViL 0 0 ns Transition 

Note: 1. Sampled only, not 100% tested 

Table 88. Read Only Mode AC Characteristics 
((TA = 0 to 70 °C, -40 to 85 °C, -40 to 125 oc; Vee= 5V ± 1 0%; OV ~ Vpp ~ 6.5V) 

M28F102 
Symbol AI! Parameter Test Condition -150 -200 Unit 

Min Max Min Max 

IAVAV IRe Read Cycle Time E = V1L, G = V1L 150 200 ns 

IAVQV lAce Address Valid to Output Valid E = VIL. G = VIL 150 200 ns 

IELQX (1) 
Chip Enable Low to Output -

ILZ Transition G=ViL 0 0 ns 

IELQV IcE Chip Enable Low to Output Valid G=VIL 150 200 ns 

IGLQX (1) 
Output Enable Low to Output -

loLZ Transition E=VIL 0 0 ns 

IGLQV toE Output Enable Low to Output Valid E=ViL 55 60 ns 

IEHQZ(1) Chip Enable High to Output Hi-Z G=ViL 0 55 0 60 ns 

IGHQZ(1) IDF Output Enable High to Output Hi-Z E=VIL 0 35 0 45 ns 

Address Transition to Output - -
lAX OX loH Transition E = V1L, G = V1L 0 0 ns 

Note: 1. Sampled only, not 100% tested 

~ SGS·lHOMSON 7/16 --------------- A.""JI Jllj]~©~RJ©~<I!Jl!©'iiW©i'!l~©!l -------------..:..:...:~ 
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Figure 5. Read Mode AC Waveforms 

f-~---- tAVAV 

h i-AO-A15 

tAVQV-- 'I tAXQX 

f4- tELQV-- c tEHOZ -----o 

f4- tELQX -

l 
tGLQV tGHQZ __. 

tGLQX 

DQO-DQ15 DATA OUT 

VA00630 

Figure 6. Read Command Waveforms 

,r----------------------------------------------
Vpp 

AO-A15 

tAXQX 

tEHQZ 

\GHQZ 

w 

-14---.1.---.t-- t WHDX 

DQO-DQ15 COMMAND -----------+---{DATA OUT 

:.--READ SET -UP______.; :.-- READ ______.; 
' ' 

VA00631 

~8/~16~------------- ~ ~~~~~~:~~~~ ----------------
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Figure 7. Electronic Signature Command Waveforms 

Vpp 

AO-A15 

w 

DQO-DQ15 

~----------------------------------------------

---~ 

tAVOV ~ tAxox 

tEHQZ 

tGHQZ 

tWHDX 
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' SIGNATURE SET -UP ' 

:.---- READ ___.; 
' MANUFACTURER ' 

OR DEVICE 
VA00632 

---------------------------- ~~~~@~~~:~~~ ------------------------~9/~1~6 
321 



M28F102 

Table 9A. Read/Write Mode AC Characteristics-Wand E Controlled 
(TA = 0 to 70 ac, -40 to 85 ac or -40 to 125 ac; Vee = 5V ± 1 0%) 

M28F102 
Symbol AI! Parameter -100 -120 

Min Max Min Max 

lvPHEL Vpp H1gh to Chip Enable Low 1 1 

lvPHWL Vpp High to Write Enable Low 1 1 

lwHWH3 lwc Write Cycle lime 100 120 

IAVWL lAs Address Valid to Write Enable Low 0 0 

lA VEL Address Valid to Chip Enable Low 0 0 

lwLAX IAH Write Enable Low to Address Transition 60 60 

IELAX Chip Enable Low to Address Transition 80 80 

IELWL lcs Chip Enable Low to Wnte Enable Low 20 20 

IWLEL Write Enable Low to Chip Enable Low 0 0 

IGHWL Output Enable High to Write Enable Low 0 0 

IGHEL Output Enable High to Chip Enable Low 0 0 

lovwH los Input Valid to Write Enable High 50 50 

tovEH Input Valid to Chip Enable High 50 50 

IWLWH lwp Write Enable Low to Write Enable High (Write Pulse) 60 60 

IELEH Chip Enable Low to Chip Enable High (Write Pulse) 70 70 

lwHDX IDH Wnte Enable H1gh to Input Transition 10 10 

IEHDX Chip Enable High to Input Transition 10 10 

IWHWH1 Duration of Program Operation 9.5 9.5 

IEHEH1 Duration of Program Operation 9.5 9.5 

IWHWH2 Duration of Erase Operat1on 9.5 9.5 

IWHEH lcH Write Enable High to Chip Enable High 0 0 

IEHWH Chip Enable High to Write Enable High 0 0 

lwHWL lwPH Write Enable H1gh to Write Enable Low 20 20 

IEHEL Chip Enable High to Chip Enable Low 20 20 

lwHGL Write Enable High to Output Enable Low 6 6 

IEHGL Chip Enable High to Output Enable Low 6 6 

IAVOV lAce Addess Valid to data Output 100 120 

IELOX 111 ILz Chip Enable Low to Output Transition 0 0 

IELOV IcE Chip Enable Low to Output Valid 100 120 

IGLOX (1) loLZ Output Enable Low to Output Transition 0 0 

IGLOV toE Output Enable Low to Output Valid 45 50 

IEHOZ (1) Chip Enable High to Output Hi-Z 40 40 

IGHOZ (1) loF Output Enable High to Output Hi-Z 30 30 

lAX OX loH Address Transition to Output Transition 0 0 

Notes: 1. Sampled only, not 100% tested 

Unit 

!lS 

!l5 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

!lS 

!lS 

ns 

ns 

ns 

ns 

ns 

ns 

!l5 

!lS 

ms 

ns 

ns 

ns 

ns 

!l5 

!lS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

~10~/~16~----------------------- ~ ~~~~~~~:~~©~ -----------------------------
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Table 98. Read/Write Mode AC Characteristics - W and E Controlled 
(TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee= 5V ± 1 0%) 

M28F102 

M28F102 
Symbol A It Parameter -150 -200 Unit 

Min Max Min Max 

tvPHEL Vpp High to Chip Enable Low 1 1 J.lS 

IVPHWL Vpp High to Write Enable Low 1 1 J.lS 

IWHWH3 !we Write Cycle Time 150 200 ns 

IAVWL lAs Address Valid to Write Enable Low 0 0 ns 

lA VEL Address Valid to Chip Enable Low 0 0 ns 

IWLAX IAH Write Enable Low to Address Transition 60 75 ns 

IELAX Chip Enable Low to Address Transition 80 80 ns 

IELWL tcs Chip Enable Low to Write Enable Low 20 20 ns 

twLEL Write Enable Low to Chip Enable Low 0 0 ns 

tGHWL Output Enable High to Write Enable Low 0 0 J.lS 

IGHEL Output Enable High to Chip Enable Low 0 0 J.lS 

lovwH los Input Valid to Write Enable H1gh 50 50 ns 

lovEH Input Valid to Chip Enable High 50 50 ns 

IWLWH lwp Write Enable Low to Write Enable High (Write Pulse) 60 60 ns 

IELEH Chip Enable Low to Chip Enable High (Write Pulse) 70 80 ns 

IWHDX loH Write Enable High to Input Transition 10 10 ns 

IEHDX Chip Enable High to Input Transition 10 10 ns 

IWHWH1 Duration of Program Operation 9.5 9.5 J.lS 

IEHEH1 Duration of Program Operation 9.5 9.5 J.lS 

IWHWH2 Duration of Erase Operation 9.5 9.5 ms 
IWHEH lcH Write Enable High to Chip Enable High 0 0 ns 

IEHWH Chip Enable High to Write Enable High 0 0 ns 

twHWL twPH Write Enable High to Wnte Enable Low 20 20 ns 

IEHEL Chip Enable High to Chip Enable Low 20 20 ns 

IWHGL Write Enable High to Output Enable Low 6 6 J.lS 

IEHGL Chip Enable High to Output Enable Low 6 6 J.lS 

tAVQV lAce Addess Valid to data Output 150 200 ns 

IELQX(t) ILz Chip Enable Low to Output Transition 0 0 ns 

IELQV IcE Chip Enable Low to Output Valid 150 200 ns 

tGLQX (1) loi.z Output Enable Low to Output Transition 0 0 ns 

IGLQV loE Output Enable Low to Output Valid 55 60 ns 

IEHOZ(1) Chip Enable High to Output Hi·Z 55 60 ns 

IGHOZ (1) !oF Output Enable High to Output Hi·Z 35 45 ns 

IAXQX toH Address Transition to Output Transition 0 0 ns 

Notes: 1. Sampled only, not100% tested 

______________ i.V ~~~@m~:~~~ ___________ ----.:.1.:..:1,...:..=.16 
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Figure 11. Erasing Flowchart 

Vpp = 12V 

Vpp < 6.5V, PASS 

Limit: 1 000 at grade 1 ; 6000 at grades 3 & 6. 

PRESTO F ERASE ALGORITHM 

VA00636 

The PRESTO F Erase Algorithm guarantees that 
the device will be erased in a reliable way. The 
algorithm first programms all words to OOOOh in 
order to ensure uniform erasure. The programming 
follows the Presto F Programming Algorithm (see 
below). Erase is set-up by writing 0020h to the 
command register, the erasure is started by repeat­
ing this write cycle. Erase Verify is set-up by writing 
OOAOh to the command register together with the 
address of the word to be verified. The subsequent 
read cycle reads the data which is compared to 
OFFFFh. Erase Verify begins at address OOOOh and 
continues to the last address or until the compari­
son of the data to OFFFFh fails. If this occurs, the 
address of the last word checked is stored and a 
new Erase operation performed. Erase Verify then 
continues from the address of the stored location. 

M28F102 

Figure 12. Programming Flowchart 

Vpp = 12V 

Vpp < 6.5V, PASS 
VA00677 

PRESTO F PROGRAM ALGORITHM 

The PRESTO F Programming Algorithm applies a 
series of 1 O!!S programming pulses to a word until 
a correct verify occurs. Up to 25 programming 
operations are allowed for one word. Program is 
set-up by writing 0040h to the command register, 
the programming is started after the next write 
cycle which also latches the address and data to 
be programmed. Program Verify is set-up by writing 
OOCOh to the command register, followed by a read 
cycle and a compare of the data read to the data 
expected. During Program and Program Verify op­
erations a MARGIN MODE circuit is activated to 
guarantee that the cell is programmed with a safety 
margin. 

-------------~iii ~i©m~~~~©~ ___________ ..:..15=-'=16 
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ORDERING INFORMATION 

Example: M28F102 -100 X P 1 

Speed Temperature Range 

-100 100 ns X ±5% p 1 0 to 70 oc 
-120 120 ns blank ±10% K 3 -40 to 125 oc 
-150 150 ns 6 -40 to 85 oc 
-200 200 ns 

For a Jist of available options of Speed, Vee Tolerance, Package and Temperature Range, refer to the 
Selector Guide in this Data Book or to the current Memory Shortform Catalogue. 

For further information on any aspect of this device, please contact our Sales Office nearest you . 

.:..:16::./1.:..:6:...._ ___________ £U ~~©m~~~~©~ _____________ _ 
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CMOS 2 Megabit (256K x 8) FLASH MEMORY 

• FAST ACCESS TIME: 1 DOns 

• LOW POWER CONSUMPTION 
- Standby Current: 1 00~-tA Max 

• 10,000 ERASE/PROGRAM CYCLES 

• 12V PROGRAMMING VOLTAGE 

• TYPICAL BYTE PROGRAMMING TIME 1 0~-ts 
(PRESTO F ALGORITHM) 

• ELECTRICAL CHIP ERASE IN 1 s RANGE 

• INTEGRATED ERASE/PROGRAM-STOP 
TIMER 

DESCRIPTION 

The M28F201 FLASH MEMORY is a non-volatile 
memory which may be erased electrically at the 
chip level and programmed byte-by-byte. It is or­
ganised as 256K bytes of 8 bits. It uses a command 
register architecture to select the operating modes 
and thus provides a simple microprocessor inter­
face. The M28F201 FLASH MEMORY is suitable 
for applications where the memory has to be repro­
grammed in the equipment. The access time of 
100ns makes the device suitable for use in high 
speed microprocessor systems. 

Table 1. Signal Names 

AO -A17 Address Inputs 

DQ0-007 Data Inputs I Outputs 

E Chip Enable 
-
G Output Enable 
-w Write Enable 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

May 1992 

ADVANCE DATA 

PDIP32 (P) PLCC32 (K) 

1/ 

-32 

·-· 
PTS032 (N) 
Bx 20 mm 

Figure 1. Logic Diagram 

Vee Vpp 

18 8 

AO-A17 D00-007 

w M28F201 

VA00637 

1/16 

This is advance rnformatton on a new product now in development or undergoing evaluat1on Deta1ls are subject to change Without not1ce 
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Figure 2A. DIP Pin Connections 

Vpp [ 1 \.J 32 P vee 
A16 [ 2 31 p w 
A15 [ 3 30 ~ A17 
A12 [ 4 29 p A14 
A7 5 28 ~ A13 
A6 6 27 p AS 
A5 7 26 p A9 
A4 8 25 ~ A11 
A3 9 M28F201 24 p G 
A2 10 23 A10 
A1 11 22 p E 
AO 12 21 DQ7 

DQO 13 20 DQ6 
001 14 19 a oos 
DQ2 15 18 DQ4 
Vss 16 17 DQ3 

VA00641 

Warnmg: NC ~No Connect1on 

Figure 2C. PTSO Pin Connections 

16 

M28F201 
(Normal) 

Warning: NC ~No Connection 

(j) 

VA00639 

Figure 28. LCC Pin Connections 

l'J <n <0 (L 0 " ;;: ;;: ;;: (L 0 
13: ;;: > > 

A7 A14 
A6 A13 
AS AB 
A4 A9 
A3 A11 

A2 G 

A1 A10 

AD E 
DQO DQ7 

0 N (J) "' " "' "' 0 (J) 0 0 0 0 
0 0 > 0 0 0 0 

VA006.38 

Warning: NC ~No Connection 

Figure 20. PTSO Reverse Pin Connections 

16 

M28F201 
(Reverse) 

Warning: NC ~No Connection 

1 
<I 

VA00640 

=2/_:_16=-------------- I:ii. ~~~©m~m~~~~ ____________ _ 
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Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 0 to 70 
grade 3 -40 to 125 oc 
grade 6 -40 to 85 

TsTG Storage Temperature -65 to 150 oc 
Vto Input or Output Voltages -0.6 to 7 v 
Vee Supply Voltage -0.6 to 7 v 
VAg A9 Voltage -0.6 to 13.5 v 

Vpp Program Supply Voltage, during Erase -0.6 to 14 v or Programming 

Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Max1mum Ratings" may cause 
permanent damage to the device. These are stress rat1ngs only and operation of the dev1ce at these or any other conditions above those 
indicated in the Operating sections of this specification is not 1mpl1ed. Exposure to Absolute Max1mum Ratmg cond1t1ons for extended penods 
may affect device reliability. Refer also to the SGS·THOMSON SURE Program and other relevant quality documents. 

DEVICE OPERATION 

The M28F201 FLASH MEMORY employs a tech­
nology similar to a 1 Megabit EPROM but adds to 
the device functionality by providing electrical era­
sure and programming. These functions are man­
aged by a command register. The functions that are 
addressed via the command register depend on 
the voltage applied to the Vpp, program voltage, 
input. When Vpp is less than or equal to 6.5V, the 
command register is disabled and the M28F201 
functions as a read only memory providing operat­
ing modes similar to an EPROM (Read, Output 
Disable, Electronic Signature Read and Standby). 
When Vpp is raised to 12V the command register 
is enabled and this provides, in addition, Erase and 
Program operations. 

READ ONLY MODES, Vpp:::; 6.5V 

For all Read Only Mod~ except Standby Mode, 
the Write Enable input W should be High. In the 
Standby Mode this input is 'don't care'. 

Read Mode. The M28F201 has two enable inputs, 
E and G, both of which must be Low in order to 
output data from the memory. The Chip Enable (E) 
is the power control and sh_Quld be used for device 
selection. Output Enable (G) is the output control 
and should be used to gate data on to the output, 
independant of the device selection. 

Standby Mode. In the Standby Mode the maxi­
mum supply current is reduced from 30mA to 
1 OO~A. The device is placed in the StandQy Mode 
by applying a High to the Chip Enable (E) input. 
When in the Standby Mode the outputs are in a high 

imped_gnce state, independant of the Output En­
able (G) input. 

~tput Disable Mode. When the Output Enable 
(G) is High the outputs are in a high impedance 
state. 

Electronic Signature Mode. This mode allows the 
read out of two binary codes from the device which 
identify the manufacturer and device type. This 
mode is intended for use by programming equip­
ment to automatically select the correct erase and 
programming algorithms. The Electronic Signature 
Mode is active when a high volt~e (1 'l.JiV to 13V) 
is applied to address line A9 withE and GLow. With 
AO Low the output data is the manufacturer code, 
when AO is High the output is the device code. All 
other address lines should be maintained Low 
while reading the codes. 

READ/WRITE MODES, 11.4V:::; Vpp:::; 12.6V 

When Vpp is High both read and write operations 
may be performed. These are defined by the con­
tents of an internal command register. Commands 
may be written to this register to set-up and exe­
cute, Erase, Erase Verify, Program, Program Verify 
and Reset modes. Each of these modes needs 2 
cycles. Every mode starts with a write operation to 
set-up the command, this is followed by either read 
or write operations. The device expects the first 
cycle to be a write operation and does not corrupt 
data at any location in memory. Read mode is 
set-up with one cycle only and may be followed by 
any number of read operations to output data. 
Electronic Signature Read mode is set-up with one 
cycle and followed by a read cycle to output the 
manufacturer or device codes. 

------------- J;.W, ~~~~mw~lf~~©~ ------------3"'-1-'-"16 
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Table 3. Operations <1> 

Vpp Operation E G w A9 DQO-DQ7 

Read Only VPPL Read V1L VIL VIH A9 Data Output 

Output Disable V1L V1H V1H X Hi-Z 

Standby V1H X X X Hi-Z 

Electronic Signature V1L V1L V1H V1o Codes 

Read/Write (2) VPPH Read V1L V1L V1H A9 Data Output 

Write V1L V1H V1L Pulse A9 Data Input 

Output Disable V1L V1H V1H X Hi-Z 

Standby V1H X X X Hi-Z 

Note: 1. X= v,L or v,H 
2. Refer also to the Command Table 

Table 4. Electronic Signature 

Identifier AO DQ7 DQ6 DQS DQ4 DQ3 DQ2 DQ1 DQO Hex Data 

Manufacturer's Code V1L 0 0 1 0 0 0 0 0 20h 

Device Code V1H 0 0 0 1 0 0 0 1 11h 

Table 5. Commands <1> 

Command Cycles 
1st Cycle 2nd Cycle 

Operation AO-A17 DQO-DQ7 Operation AD-A17 DQO-DQ7 

Read 1 Write 
\ 

X OOh 

Electronic Write X 90h 
Read OOOOOh 20h 

Signature 2 
Read 00001h 11h 

Setup Erase/ 
2 

Write X 20h 

Erase Write X 20h 

Erase Verify 2 Write AO-A17 OAOh Read X Data Output 

Setup Program/ 
2 

Write X 40h 

Program Write AO-A17 Data Input 

Program Verify 2 Write X DCOh Read X Data Output 

Reset 2 Write X OFFh Write X OFFh 

..:.:.4,..:..:16::...._ __________ ~ ~I©IH~O!~~ ____________ _ 
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READ/WRITE MODES (cont'd) 

A_ write to the Q_ommand register is made by_ bringing 
W Low while E is Low. The falling edge ofW latches 
Addresses, while the rising edge latches Data, 
which are used for those commands that require 
address inputs, command input or provide data 
output. 

When the device is powered up and when Vpp is s; 
6.5V the contents of the command register default 
to OOh, thus automatically setting-up Read opera­
tions. In addition a specific command may be used 
to set the command register to OOh for reading the 
memory. 

The system designer may chose to provide a con­
stant high VPP and use the register commands for 
all operations, or to switch the Vpp from low to high 
only when needing to erase or program the mem­
ory. All command register access is inhibited when 
Vee falls below the Erase/Write Lockout Voltage 
(VLKO) of 2.5V. 

If the device is deselected during Erasure, Pro­
gramming or Verification it will draw active supply 
currents until the operations are terminated. 

The device is protected against stress caused by 
long erase or program times. If the end of Erase or 
Programming operations are not terminated by a 
Verify cycle within a maximum time permitted, an 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times ,;; 10ns 

Input Pulse Voltages 0.45V to 2.4V 

Input and Output Timing Ref. Voltages O.SV to 2V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 

0.45V 

----v======v 2.0V 

~0.8V 
VA00827 

Table 6. Capacitance (TA = 25 oc, f = 1 MHz) 

M28F201 

internal stop timer automatically stops the opera­
tion. The device remains in an inactive state, ready 
to start a Verify or Reset Mode operation. 

Read Mode. The Read Mode is the default at 
power up or may be set-up by writing OOh to the 
command register. Subsequent read operations 
output data from the memory. The memory remains 
in the Read Mode until a new command is written 
to the command register. 

Electronic Signature Mode. In order to select the 
correct erase and programming algorithms for on­
board programming, the manufacturer and devices 
code may be read directly. It is not neccessary to 
apply a high voltage to A9 when using the com­
mand register. The Electronic Signature Mode is 
set-up by writing 90h to the command register. The 
following read cycle, with address inputs OOOOOh or 
00001 h, output the manufacturer or device codes. 
The command is terminated by writing another 
valid command to the command register (for exam­
ple Reset). 

Erase and Erase Verify Modes. The memory is 
erased by first Programming all bytes to OOh, the 
Erase command then erases them to OFFh. The 
Erase Verify command is then used to read the 
memory byte-by-byte for a content of OFFh. 

The Erase Mode is set-up by writing 20h to the 
command register. The write cycle is then repeated 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

1.3V 

CL rncludes JIG capacitance 

OUT 

VA00828 

Symbol Parameter Test Condition Min Max Unit 

CIN Input Capacitance V1N =OV 6 pF 

GouT Output Capacitance VouT= OV 12 pF 

Note: this parameter is sampled only and not tested1 00% 

r== SGS·niOMSON __________ ..:::51...:..:::16 -------------- ._""fl L':IID©ll©~~~~©O;<JD©® 
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Table 7. DC Characteristics 
(TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee = 5V ± 1 0%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OVSViNSVcc ±1 ~A 

ILO Output Leakage Current OV s VouT s Vee ±10 ~A 

Icc Supply Current (Read) E = V1L, I = 6MHz 30 rnA 

lcc1 
Supply Current (Standby) TTL E=VIH 1 rnA 

Supply Current (Standby) CMOS E = Vcc±0.2V 100 ~A 

lcc2 111 Supply Current (Programming) During Programming 10 rnA 

lcc3 111 Supply Current (Program Verify) During Verify 15 rnA 

lcc4 111 Supply Current (Erase) During Erasure 15 rnA 

Ices 111 Supply Current (Erase Verify) During Erase Verily) 15 rnA 

ILPP Program Leakage Current Vpp s Vee ±10 ~A 

Program Current (Read or Vpp >Vee 200 ~A 
lpp 

Standby) 
Vpp,; Vee ±10 ~A 

IPP1(1) Program Current (Programming) Vpp = VPPH, During Programming 30 rnA 

IPP2(1) Program Current (Program Vpp = VPPH, During Verily 5 rnA 
Verily) 

IPP3(1) Program Current (Erase) Vpp = VPPH, During Erase 30 rnA 

IPP4(1) Program Current (Erase Verify) Vpp = VPPH, During Erase Verify 5 rnA 

V1L Input Low Voltage -o.5 0.8 v 

V1H 
Input High Voltage TTL 2 Vee+ 0.5 v 
Input High Voltage CMOS 0.7 Vee Vee+ 0.5 v 

VoL Output Low Voltage loL= 5.8mA 0.45 v 

Output High Voltage CMOS 
loH =-100~A Vee- 0.4 v 

VoH loH =-2.5mA 0.85 Vee v 
Output High Voltage TTL loH =-2.5mA 2.4 v 

VPPL 
Program Voltage (Read 0 6.5 v 
Operations) 

VPPH 
Program Voltage (Read/Write 

11.4 12.6 v Operations) 

V1o A9 Voltage (Electronic Signature) 11.5 13 v 
ho 111 A9 Current (Electronic Signature) A9 = V1o 200 ~A 

VLKO 
Supply Voltage, Erase/Program 

2.5 v Lock-out 

Note: 1. Not 100% Tested. Characterisation Data available. 

_6,_1_6 ____________ I:ii. ~~©mg~~~~lj _____________ _ 
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Table 8A. Read Only Mode AC Characteristics 
(T A= 0 to 70 °C, -40 to 85 °C, -40 to 125 ac; Vee= 5V ± 1 0%; OV :'> Vpp :'> 6.5V) 

M28F201 

Symbol A It Parameter Test Condition ·100 ·120 Unit 

Min Max Min Max 

IAVAV IRe Read Cycle Time E = V)L, G = VIL 100 120 ns 

IAVOV lAce Address Valid to Output Valid E = VtL, G = VtL 100 120 ns 

IELOX (1) Chip Enable Low to Output -
ILz Transition G=VIL 0 0 ns 

IELQV teE Chip Enable Low to Output Valid G= VtL 100 120 ns 

IGLOX 111 Output Enable Low to Output -
IOLZ Transition E = V1L 0 0 ns 

IGLQV toE Output Enable Low to Output Valid E = V1L 45 50 ns 

IEHOZ 111 Chip Enable High to Output Hi-Z G=VIL 0 40 0 40 ns 

IGHQZ (1) !oF Output Enable High to Output Hi-Z E = V1L 0 30 0 30 ns 

Address Transition to Output - -
lAX OX loH Transition E = V1L, G = V1L 0 0 ns 

Note: 1. Sampled only, not 1 00% tested 

Table 88. Read Only Mode AC Characteristics 
((TA = 0 to 70 °C, -40 to 85 °C, -40 to 125 oc; Vee= 5V ± 1 0%; OV :o; Vpp :'> 6.5V) 

M28F201 
Symbol A It Parameter Test Condition -150 ·200 Unit 

Min Max Min Max 

IAVAV IRe Read Cycle T1me E = V1L, G = V1L 150 200 ns 

IAVOV lAce Address Valid to Output Valid E = V1L, G = V1L 150 200 ns 

IELOX (1) Chip Enable Low to Output -

ILz Transition G=VIL 0 0 ns 

IELQV teE Chip Enable Low to Output Valid G =VtL 150 200 ns 

IGLQX 111 Output Enable Low to Output -
IOLZ Transition E = V1L 0 0 ns 

IGLQV toE Output Enable Low to Output Valid E = V1L 55 60 ns 

IEHOZ(1) Chip Enable High to Output Hi-Z G=VIL 0 55 0 55 ns 

IGHQZ (1) !oF Output Enable High to Output Hi-Z E = V1L 0 35 0 40 ns 

Address Transition to Output - -
lAx ox loH Trans1t1on E = V1L. G = V1L 0 0 ns 

Note: 1. Sampled only, not 100% tested 
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M28F201 

Figure 5. Read Mode AC Waveforms 

AO-A17 

L tAVAV 

f 
~ tAvov-- tAX OX 

l 
f4- tELOV-- tEHQZ-

~ tELQX-

G 1 
tGLQV tGHQZ-. 

tGLQX 

DOD-D07 DATA OUT 

VA00642 

Figure 6. Read Command Waveforms 

r------------------------------------------------
Vpp 

AO-A17 

tAXOX 

tEHQZ 

tGHOZ 

w 

tDVWH -t+----~1-----~- tWHDX 

DQO-DQ7 COMMAND ------------+-----(DATA OUT 

' ' ' 
!--- READ SET- U P ---------.: !---- READ ---------.: 

' ' 

VA00643 
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M28F201 

Figure 7. Electronic Signature Command Waveforms 

r-------------------------------------------

AO-A17 ~~~~ 
tAXQX 

tEHQZ 

tGHQZ 

-~--1-o-----*-- tWHDX 

DQO-DQ7 COMMAND -----------+---{DATA OUT 

:---- READ ELECTRONIC -----..; 
' SIGNATURE SET-UP 

READ/WRITE MODES (cont'd) 

to start the erase operation. Erasure starts on the 
rising edge of W during this second cycle. Erase is 
followed by an Erase Verify which reads an ad­
dressed byte. 

Erase Verify Mode is set-up by writing OAOh to the 
command register and at the same time supplying 
the address of the byte to be verified. The rising 
edge of W during the set-up of the first Erase Verify 
Mode stops the Erase operation. The following 
read cycle is made with an internally generated 
margin voltage applied, reading OFFh indicates 
that all bits of the addressed byte are fully erased. 
The whole contents of the memory are verified by 
repeating the Erase Verify Operation, first writing 
the set-up code OAOh with the address of the byte 
to be verified and then reading the byte contents in 
a second read cycle. 

As the Erase algorithm flow chart shows, when the 
data read during Erase Verify is not OFFh, another 
Erase operation is performed and verification con­
tinues from the address of the last verified byte. The 
command is terminated by writing another valid 

' 
f.- READ --------...J 
' MANUFACTURER ' 

OR DEVICE 
VA00644 

command to the command register (for example 
Program or Reset). 

Program and Program Verify Modes. The Pro­
gram Mode is set-up by writing 40h to the command 
register. This is followed by a second write cycle 
which latches the address and data of the byte to 
be programmed. The rising edge of W during this 
second cycle starts the programming operation. 
Programming is followed by a Program Verify of the 
data written. 

Program Verify Mode is set-up by writing__QCOh to 
the command register. The rising edge of W during 
the set-up of the Program Verify Mode stops the 
Programming operation. The following read cycle, 
of the address already latched during program­
ming, is made with an internally generated margin 
voltage applied, reading valid data indicates that all 
bits have been programmed. 

Reset Mode. This command is used to safely abort 
Erase or Program Modes. The Reset Mode is 
set-up and performed by writing twice OFFh to the 
command register. The command should be fol­
lowed by writing a valid command to the the com­
mand register (for example Read). 
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M28F201 

Table 9A. Read/Write Mode AC Characteristics - W and E Controlled 
(TA = 0 to 70 °C, -40 to 85 oc or-40 to 125 oc; Vee= 5V ± 10%) 

M28F201 
Symbol A It Parameter -100 -120 

Min Max Min Max 

1vPHEL Vpp High to Chip Enable Low 1 1 

IVPHWL Vpp High to Write Enable Low 1 1 

IAVAV twc Write Cycle Time 100 120 

IAVWL lAs Address Valid to Write Enable Low 0 0 

lA VEL Address Valid to Chip Enable Low 0 0 

IWLAX IAH Write Enable Low to Address Transition 40 50 

IELAX Chip Enable Low to Address Transition 40 50 

IELWL tcs Chip Enable Low to Write Enable Low 20 20 

IWLEL Write Enable Low to Chip Enable Low 0 0 

IGHWL Output Enable High to Write Enable Low 0 0 

IGHEL Output Enable High to Chip Enable Low 0 0 

tovwH los Input Valid to Write Enable High 50 50 

tovEH Input Valid to Chip Enable High 50 50 

twLWH twp Write Enable Low to Write Enable High (Write Pulse) 60 60 

tELEH Chip Enable Low to Chip Enable High (Write Pulse) 40 40 

twHDX toH Write Enable High to Input Transition 10 10 

tEHDX Chip Enable High to Input Transition 10 10 

twHWH1 Duration of Program Operation 9.5 9.5 

tEHEH1 Duration of Program Operation 9.5 9.5 

IWHWH2 Duration of Erase Operation 9.5 9.5 

twHEH tcH Write Enable High to Chip Enable High 0 0 

IEHWH Chip Enable High to Write Enable High 0 0 

IWHWL twPH Write Enable High to Write Enable Low 20 20 

IEHEL Chip Enable High to Chip Enable Low 20 20 

twHGL Wnte Enable High to Output Enable Low 6 6 

tEHGL Chip Enable High to Output Enable Low 6 6 

1Avov lAce Addess Valid to data Output 100 120 

1ELQX(l) 1LZ Chip Enable Low to Output Transition 0 0 

tELQV IcE Chip Enable Low to Output Valid 100 120 

1GLQX (1) toLZ Output Enable Low to Output Transition 0 0 

IGLQV toE Output Enable Low to Output Valid 45 50 

tEHQZ (l) Chip Enable High to Output Hi-Z 30 30 

1GHOZ (1) !oF Output Enable High to Output Hi-Z 30 30 

lAX OX toH Address Transition to Output Transition 0 0 

Note: 1. Sampled only, not 100% tested 

Unit 

J.lS 

J.lS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

J.lS 

J.lS 

ns 

ns 

ns 

ns 

ns 

ns 

J.lS 

J.lS 

ms 

ns 

ns 

ns 

ns 

J.lS 

J.lS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Table 98. Read/Write Mode AC Characteristics - W and E Controlled 
(TA = 0 to 70 °C, -40 to 85 oc or-40 to 125 oc; Vee= 5V ± 10%) 

M28F201 

M28F201 

Symbol A It Parameter -150 -200 Unit 

Min Max Min Max 

lVPHEL Vrr High to Chip Enable Low 1 1 j.IS 

lVPHWL Vrr High to Write Enable Low 1 1 j.IS 

lAVAV twc Write Cycle Time 150 200 ns 

lAVWL lAS Address Valid to Write Enable Low 0 0 ns 

lAVEL Address Valid to Chip Enable Low 0 0 ns 

lWLAX lAH Write Enable Low to Address Transition 60 75 ns 

lELAX Chip Enable Low to Address Transition 80 95 ns 

lELWL lcs Chip Enable Low to Write Enable Low 20 20 ns 

lWLEL Write Enable Low to Chip Enable Low 0 0 ns 

lGHWL Output Enable High to Write Enable Low 0 0 j.IS 

lGHEL Output Enable High to Chip Enable Low 0 0 j.IS 

tovwH los Input Valid to Write Enable H1gh 50 50 ns 

tovEH Input Valid to Chip Enable High 50 50 ns 

twLWH twr Write Enable Low to Write Enable High (Write Pulse) 60 60 ns 

tELEH Chip Enable Low to Chip Enable High (Write Pulse) 70 80 ns 

twHDX toH Write Enable High to Input Transition 10 10 ns 

tEHDX Chip Enable High to Input Transition 10 10 ns 

lWHWH1 Duration of Program Operation 9.5 9.5 j.IS 

lEHEH1 Duration of Program Operation 9.5 9.5 j.IS 

twHWH2 Durat1on of Erase Operation 9.5 9.5 ms 

twHEH tcH Write Enable High to Chip Enable High 0 0 ns 

tEHWH Chip Enable High to Write Enable High 0 0 ns 

lWHWL lWPH Write Enable High to Write Enable Low 20 20 ns 

lEHEL Chip Enable H1gh to Chip Enable Low 20 20 ns 

twHGL Write Enable High to Output Enable Low 6 6 j.IS 

lEHGL Chip Enable High to Output Enable Low 6 6 j.IS 

lAVQV lAce Addess Valid to data Output 150 200 ns 

tELOX 111 tLZ Chip Enable Low to Output Transition 0 0 ns 

lELQV IcE Chip Enable Low to Output Valid 150 200 ns 

tGLOX (1) loLZ Output Enable Low to Output Transition 0 0 ns 

lGLQV IcE Output Enable Low to Output Valid 55 60 ns 

lEHQZ (1) Chip Enable High to Output Hi-Z 35 40 ns 

lGHOZ (1) loF Output Enable High to Output Hi-Z 35 40 ns 

lAX OX loH Address Transition to Output Transition 0 0 ns 

Note: 1. Sampled only, not 100% tested 
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Figure 11. Erasing Flowchart 

Vpp = 12V 

Vpp < 6 5V, PASS 
VA00649 

PRESTO F ERASE ALGORITHM 

The PRESTO F Erase Algorithm guarantees that 
the device will be erased in a reliable way. The 
algorithm first programms all bytes to OOh in order 
to ensure uniform erasure. The programming fol­
lows the Presto F Programming Algorithm (see 
below). Erase is set-up by writing 20h to the com­
mand register, the erasure is started by repeating 
this write cycle. Erase Verify is set-up by writing 
OAOh to the command register together with the 
address of the byte to be verified. The subsequent 
read cycle reads the data which is compared to 
OFFh. Erase Verify begins at address OOOOh and 
continues to the last address or until the compari­
son of the data to OFFh fails. If this occurs, the 
address of the last byte checked is stored and a 
new Erase operation performed. Erase Verify then 
continues from the address of the stored location. 

M28F201 

Figure 12. Programming Flowchart 

Vpp = 12V 

Vpp < 6.5V, PASS 
VA00677 

PRESTO F PROGRAM ALGORITHM 

The PRESTO F Programming Algorithm applies a 
series of 1 D!!S programming pulses to a byte until 
a correct verify occurs. Up to 25 programming 
operations are allowed for one byte. Program is 
set-up by writing 40h to the command register, the 
programming is started after the next write cycle 
which also latches the address and data to be 
programmed. Program Verify is set-up by writing 
OCOh to the command register, followed by a read 
cycle and a compare of the data read to the data 
expected. During Program and Program Verify op­
erations a MARGIN MODE circuit is activated to 
guarantee that the cell is programmed with a safety 
margin. 
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M28F201 

ORDERING INFORMATION 

Example: M28F201 -1 00 X N R 

Speed Package Option 

-100 100 ns X ±5% p PDIP32 1 0 to 70 oc R Reverse 

-120 120 ns blank ±10% K PLCC32 3 -40 to 125 oc Pin-Out 

-150 150 ns N PTS032 6 -40 to 85 oc 
-200 200 ns 

8x20 mm 

For a Jist of available options of Speed, Vee Tolerance, Package and Temperature Range, refer to the 
Selector Guide in this Data Book or to the current Memory Shortform Catalogue. 

For further information on any aspect of this device, please contact our Sales Office nearest you. 

-'--16"-/1.;_:6:_ ___________ 1..1i. ~~©ltl~~~~~©~ --------------
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• FAST ACCESS TIME: 100ns 
• LOW POWER "CMOS" CONSUMPTION: 

- Active Current 40mA Max 

- Standby Current 20J.lA Max 
• SINGLE 5V ± 10% SUPPLY VOLTAGE 

• STATIC OPERATION 
• CHIP ENABLE ACTIVE LEVEL MASK PRO­

GRAMMABLE 
• AUTOMATIC POWER DOWN 

DESCRIPTION 

The M23C512 is a 512K bit, CMOS Mask Pro­
grammed Read Only Memory (ROM), organised as 
64K bytes of 8 bits. The fast access time of 1 OOns 
makes it ideal for EPROM replacement in high 
volume applications. The Chip Select input may be 
mask programmed to be Active Low or High. When 
Chip Enable is not active the M23C512 enters a 
standby mode, making it very suitable for battery 
powered systems. After a memory cycle plus SOns 
with no change in inputs, the M23C512 enters 
automatically the standby mode with the power 
consumption reduced from 40mA to 1 mA Max. 
Data remains latched on the output. 

Two line control may be implemented using the 
Chip Enable and the Output Enable signals. 

Table 1. Signal Names 

AD -A15 Address Inputs 

Q0-07 Data Outputs 

E orE Chip Enable 

-
G Output Enable 

Vee Supply Voltage 

Vss Ground 

May 1992 

M23C512 

CMOS 512K (64K x 8) ROM 

~ 
28~~ij~ 

PDIP28 (B) 

Figure 1. Logic Diagram 

Vee 

16 8 

AO-A15 Q0-07 

M23e512 

E 

G 

Vss 
VA00656 

1/4 
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M23C512 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 0 to 70 oc 
TerAs Temperature Under Bias 0 to 125 oc 
TsTG Storage Temperature -65 to 150 oc 
Vro Input or Output Voltages -0.5 to 7 v 
Vee Supply Voltage -0.5to 7 v 

Note: Except for the rating ""Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of thrs specrfication is not rmplied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

Table 3. Operating Modes 
- -

Mode EorE G QO-Q7 

Read VrL VrH VrL Data Output 

Output Disable VrL VrH VrH Hi-Z 

Standby VrH VrL X Hi-Z 

Notes: X = V1H or V1L 

Figure 2. DIP Pin Connections 

A15 [ 1 \..../ 28 P Vee 
A12 [ 2 27 ~ A14 
A7[ 3 26 ~ A13 
A6 [ 4 25 ~AS 
AS [ 5 24 ~ A9 
A4[ 6 23 ~ A11 
A3 [ 7 

M23e512 
22 p; 

A2 [ 8 21 ~ A10 
A1 [ 9 20 ~ E or E 
AO 10 19 ~ Q7 
QO 11 18 ] Q6 

Q1 12 17 J Q5 
Q2 13 16 ] Q4 

Vss 14 15 ] 03 
VA00657 
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times s; 20ns 

Input Pulse Voltages 0.4V to 2.4V 

Input and Output Timing Ref. Voltages 0.8V to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 

0.4V 

~2.0V 

~O.BV 
VA00826 

Table 4. Capacitance (T A = 25 °C; f = 1 MHz) 

Symbol Parameter 

c,N Input Capacitance 

Cour Output Capacitance 

Note: ThiS parameter 1s sampled only and not tested 100%. 

Table 5. Read Mode DC Characteristics 
(TA = 0 to 70 °C; Vee= 5V ± 10%) 

Symbol Parameter 

lu Input Leakage Current 

ILo Output Leakage Current 

Icc 
Supply Current 

Supply Current 

lcc1 Supply Current (Standby) TTL 

lcc2 Supply Current (Standby) CMOS 

VJL Input Low Voltage 

v,H Input High Voltage 

VoL Output Low Voltage 

VoH Output High Voltage TTL 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

1.3V 

CL Includes JIG copocl\ance 

Test Condition Min Max 

VJN = ov 5 

Vour= OV 5 

Test Condition Min Max 

ovs;v,Ns;Vcc ±10 

OVs;Vours;Vcc ±10 

E = VJL, G = VJL, f = 10MHz 40 

E = V1L, G = VJL, f = 5MHz 20 

E=VJH 1 

E > Vcc-0.2V 20 

-0.5 0.8 

2 Vee+ 1 

loL=2.1mA 0.4 

loH = -4001-lA 2.4 

M23C512 

OUT 

VA00828 

Unit 

pF 

pF 

Unit 

!!A 
llA 

rnA 

rnA 

rnA 

(lA 

v 

v 

v 

v 
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M23C512 

Table 6. Read Mode AC Characteristics 
(TA = 0 to 70 °C; Vee= 5V ± 10%) 

Symbol A It Parameter 

IAVQV lAce Address Valid to Output Valid 

IAVAV !eve Address Cycle Time 

IELQV (1) IcE Chip Enable Low to Output Valid 

IGLQV toe Output Enable Low to Output Valid 

IEHQZ '21 !oF Chip Enable High to Output Hi-Z 

IGHQZ (2) !oF Output Enable High to Output Hi-Z 

IAXQX loH Address Transition to Output 
Transition 

Notes: 1. Parameter shown for the mask opt1on of Chip Enable Active Low 
2. Sampled only not 1 00% tested 

Figure 5. Read Mode AC Waveforms 

Test Condition Min Max 

E = VIL. G = VIL 100 

100 

G=VIL 100 

E=VIL 50 

G=VIL 0 30 

E=VIL 0 30 

E = VIL. G = VIL 10 

-

AO-A15 ~----------VA_L_I_D ______________ ~)K~---------
---J !.:== tAXQX -t*oi-----+1•~-

E 

G 

Hi-Z 
QO-Q7 DATA OUT 

VA00735 

ORDERING INFORMATION 

Example: M23C512 8 AA 

Temperature Range 

1 0 to 70 oc AA-ZZ Content 
Identification 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 
For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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M23C1000 

CMOS 1 Megabit (128K x 8) ROM 

• FAST ACCESS TIME: 100ns 
• LOW POWER "CMOS" CONSUMPTION: 

- Active Current 40mA Max 
- Standby Current 20flA Max 

• SINGLE 5V ± 10% SUPPLY VOLTAGE 
• STATIC OPERATION 
• CHIP ENABLE ACTIVE LEVEL MASK PRO­

GRAMMABLE 
• AUTOMATIC POWER DOWN 

DESCRIPTION 

The M23C1 000 is a 1 Megabit, CMOS Mask Pro­
grammed Read Only Memory (ROM), organised as 
128K bytes of 8 bits. The fast access time of 1 DOns 
makes it ideal for EPROM replacement in high 
volume applications. The Chip Select input may be 
mask programmed to be Active Low or High. When 
Chip Enable is not active the M23C1 000 enters a 
standby mode, making it very suitable for battery 
powered systems. After a memory cycle plus 50ns 
with no change in inputs, the M23C1000 enters 
automatically the standby mode with the power 
consumption reduced from 40mA to 1 rnA Max. 
Data remains latched on the output. 

Table 1. Signal Names 

AO -A16 Address Inputs 

Q0-07 Data Outputs 

EorE Chip Enable 

Vee Supply Voltage 

Vss Ground 

Ma 1992 

PDIP28 (B) 

Figure 1. Logic Diagram 

Vee 

M23e1000 

Vss 
VA00663 

1/4 
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M23C1000 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto 70 oc 
TBIAS Temperature Under Bias o to 125 oc 
TsTG Storage Temperature -65to 150 oc 
Vlo Input or Output Voltages -o.5to 7 v 
Vee Supply Voltage -Q.5to 7 v 

Note: Except for the rating "Operating Temperature Range", stresses above those listed 1n the Table "Absolute Maximum Ratings" may cause 
permanent damage to the dev1ce. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

Table 3. Operating Modes 

Mode EorE Q0-07 

Read V1L I VIH Data Output 

Standby I Output Disable V1H I V1L Hi-Z 

Figure 2. DIP Pin Connections 

A15 I 1 '-../ 28 P Vee 
A12 I 2 27 p A14 

A7 I 3 26 p A13 
A6 I 4 25 pAS 
A5 I 5 24 p A9 
A4[ 6 23 p A11 
A3 I 7 

M23C1000 
22 p A16 

A2 I 8 21 ~ A10 
A1 [ 9 20 ~ E or E 
AO I 10 19 ~ Q7 
QO I 11 18 p 06 
Q1 [ 12 17 p Q5 
Q2 [ 13 16 p Q4 

Vss I 14 15 0 Q3 
VA00664 
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

:;; 20ns 

0.4V to 2.4V 

0.8Vto 2.0V Input and Output Timing Ref. Voltages 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 

0.4V 

~2.0V 

~O.SV 
VA00826 

Table 4. Capacitance (TA = 25 oc; f = 1 MHz) 

Symbol Parameter 

CIN Input Capacitance 

CouT Output Capacitance 

Note: This parameter is sampled only and not tested 1 00%. 

Table 5. Read Mode DC Characteristics 
(TA = 0 to 70 ac; Vee= 5V ± 10%) 

Symbol Parameter 

lu Input Leakage Current 

ILO Output Leakage Current 

Icc 
Supply Current 

Supply Current 

lcc1 Supply Current (Standby) TTL 

lcc2 Supply Current (Standby) CMOS 

VIL Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage 

VoH Output High Voltage TTL 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

1.3V 

CL mcludes JIG copoc1tance 

Test Condition Min Max 

V1N = OV 5 

VouT= OV 5 

Test Condition Min Max 

OV $ V1N :>Vee ±10 

OV 5 VouT 5 Vee ±10 

E = V1L, G = V1L, I= 10MHz 40 
- -
E = V1L, G = V1L, I= 5MHz 20 

E=VIH 1 

E > Vcc-0.2V 20 

-0.5 0.8 

M23C1000 

OUT 

VA00828 

Unit 

pF 

pF 

Unit 

J.lA 

J.lA 

mA 

rnA 

mA 

J.lA 

v 
2 Vee+ 1 v 

lm = 2.1mA 0.4 v 
loH =-400J.!A 2.4 v 

---------------------------~~~@~~9~------------------------~S~M 
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Table 6. Read Mode AC Characteristics 
(TA = 0 to 70 °C; Vee= 5V ± 10%) 

Symbol All Parameter 

lAVQV lAce Address Valid to Output Valid 

IAVAV tcvc .Address Cycle lime 

tELQV(1) IcE Chip Enable Low to Output Valid 

IEHaz(2) I oF Chip Enable High to Output Hi-Z 

IAXCX toH 
Address Transition to Output 
Transition 

Notes: 1. Parameter shown for the mask option of Chip Enable Active Low 
2. Sampled only not 100% tested 

Figure 5. Read Mode AC Waveforms 

I-- tELQV 

Q0-07 

ORDERING INFORMATION 

Test Condition 

E=VIL 

E=VIL 

DATA OUT 

Example: M23C1000 B AA 

Temperature Range 

Min 

0 

10 

1 0 to 70 oc AA-ZZ Content 
Identification 

Max Unit 

100 ns 

100 

100 ns 

30 ns 

ns 

Hi-Z 

VA00665 

For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you . 
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CMOS 1 Megabit (128K x 8) ROM 

• FAST ACCESS TIME: 100ns 
• LOW POWER "CMOS" CONSUMPTION: 

- Active Current 40mA Max 
- Standby Current 20J.IA Max 

• SINGLE SV ± 10% SUPPLY VOLTAGE 
• STATIC OPERATION 
• CHIP ENABLE ACTIVE LEVEL MASK PRO­

GRAMMABLE 
• AUTOMATIC POWER DOWN 

DESCRIPTION 
The M23C1 001 is a 1 Megabit, CMOS Mask Pro­
grammed Read Only Memory (ROM), organised as 
128K bytes of 8 bits. The fast access time of 1 OOns 
makes it ideal for EPROM replacement in high 
volume applications. The Chip Select input may be 
mask programmed to be Active Low or High. When 
Chip Enable is not active the M23C1 001 enters a 
standby mode, making it very suitable for battery 
powered systems. After a memory cycle plus SOns 
with no change in inputs, the M23C1 001 enters 
automatically the standby mode with the power 
consumption reduced from 40mA to 1 rnA Max. 
Data remains latched on the output. 

Two line control may be implemented using the 
Chip Enable and the Output Enable signals. 

Table 1. Signal Names 

AO-A16 Address Inputs 

Q0-07 Data Outputs 

EorE Chip Enable 

G Output Enable 

Vee Supply Voltage 

Vss Ground 

May 1992 

1 

PDIP32 (B) 

Figure 1. Logic Diagram 

Vee 

17 8 

A0-A16 Q0-07 

M23e1001 

E 

G 

Vss 
VA00658 

1/4 
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Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto70 oc 
TsiAS Temperature Under Bias 0 to 125 oc 
TsTG Storage Temperature -65 to 150 oc 
v,o Input or Output Voltages -D.5to 7 v 

Vee Supply Voltage -Q.5to 7 v 

Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other condnions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

Table 3. Operating Modes 

Mode EorE G' QO-Q7 

Read v,L V1H V1L Data Output 

Output Disable ViL V1H V1H Hi-Z 

Standby V1H V1L X Hi-Z 

Notes: X= v,H or v,L 

Figure 2. DIP Pin Connections 

NC [ 1 '-.-/ 32 ] Vee 
A16 [ 2 31 ] NC 
A15 [ 3 30 ] NC 
A12 [ 4 29 ] A14 
A7 [ 5 28 ] A13 
A6 [ 6 27 ] AS 
A5 [ 7 26 

~ 
A9 

A4[ 8 25 A11 
A3 [ 9 M23C1 001 24 ] G 
A2 [ 10 23 ] A10 
A 1 [ 11 22 ] E or E 
AO [ 12 21 ] Q7 
QO [ 13 20 ] Q6 
Q1 [ 14 19 ] Q5 
Q2 [ 15 18 J Q4 

Vss r 16 17 Q3 

VA00659 

=V~4-----------------------~~~~~~~~--------------------------
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

5: 20ns 

0.4V to 2.4V 

O.BVto 2.0V Input and Output Timing Ref. Voltages 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 

0.4V 

~2.0V 

~O.SV 
VAOOB26 

Table 4. Capacitance (TA = 25 oc; f = 1 MHz) 

Symbol Parameter 

GiN Input Capacitance 

Cour Output Capacitance 

Note; Th1s parameter IS sampled only and not tested 1 00%. 

Table 5. Read Mode DC Characteristics 
(TA = 0 to 70 oc; Vee= 5V ± 10%) 

Symbol Parameter 

lu Input Leakage Current 

ILO Output Leakage Current 

Icc 
Supply Current 

Supply Current 

lcc1 Supply Current (Standby) TIL 

lcc2 Supply Current (Standby) CMOS 

Input Low Voltage 

Input High Voltage 

Vm Output Low Voltage 

VoH Output High Voltage TIL 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

1.3V 

i 1N914 

CL 1ncludes JIG capac1tance 

Test Condition Min Max 

V1N = OV 5 

Vour = OV 5 

Test Condition Min Max 

OV 5: V1N 5: Vee ±10 

OV s Vour 5: Vee ±10 

E = V1L, G = V1L, I= 10MHz 40 

E = V1L, G = V1L, f = 5MHz 20 

E>Vcc-0.2V 20 

-0.5 0.8 

M23C1001 

OUT 

VA00828 

Unit 

pF 

pF 

Unit 

rnA 

rnA 

rnA 

f'A 

v 
2 Vee+ 1 v 

loL = 2.1mA 0.4 v 
2.4 v 
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Table 6. Read Mode AC Characteristics 
(TA = 0 to 70 oc; Vee= 5V ± 10%) 

Symbol A It Parameter 

IAVOV lAce Address Valid to Output Valid 

IAVAV tcvc Address Cycle Time 

IELQV (1) IcE Chip Enable Low to Output Valid 

IGLQV toE Output Enable Low to Output Valid 

IEHOZ (2) loF Chip Enable High to Output Hi-Z 

IGHQZ (2) loF Output Enable High to Output Hi-Z 

tAX OX toH 
Address Transition to Output 
Transition 

Notes: 1. Parameter shown for the mask option of Chip Enable Active Low 
2. Sampled only not 1 00% tested 

Figure 5. Read Mode AC Waveforms 

AO-A16 ==:l VALID 

I= tAVQV--
~ 

f tGLQV -

~ \ELQV-

QO-Q7 

ORDERING INFORMATION 

Example: M23C1001 8 AA 

Test Condition Min 

0 

0 

10 

tAXQX ~I 

j 
;- \EHQZ~ 

1- tGHQZ-oo 

DATA OUT 

Temperature Range 

B PDIP32 0 to 70 oc AA-ZZ 

Max Unit 

100 ns 

100 

100 ns 

50 ns 

30 ns 

30 ns 

ns 

Hi-Z 

VA00713 

For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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ST24C01 

SERIAL ACCESS CMOS 1 K (128 x 8) EEPROM 

• 1,000,000 ERASE/WRITE CYCLES MINIMUM, 
WITH OVER 1 0 YEARS DATA RETENTION 

• SINGLE 3V TO 5.5V SUPPLY VOLTAGE 

• TWO WIRE SERIAL INTERFACE, FULLY 12C 
BUS COMPATIBLE 

• BYTE AND MULTIBYTE WRITE (UP TO 4 
BYTES) 

• PAGE WRITE (UP TO 8 BYTES) 
• BYTE, RANDOM AND SEQUENTIAL READ 

MODES 

• SELF TIMED PROGRAMING CYCLE 

• AUTOMATIC ADDRESS INCREMENTING 
• GUARANTED 4kV ESD PROTECTION, USING 

HUMAN BODY MODEL 

DESCRIPTION 

The ST24C01 is a 1 K bit electrically erasable pro­
grammable memory (EEPROM), organised as 128 
x 8 bits. It is manufactured in SGS-THOMSON's 
Hi-Endurance Advanced CMOS technology which 
guarantees an endurance of more than one million 
erase/write cycles with a data retention of over 10 
years. Both Plastic Dual-in-Line and Plastic Small 
Outline packages are available. 

The memory is compatible with the 12C standard, 
two wire, serial interface which uses a bi-directional 
data bus and serial clock. The ST24C01 carries a 
built-in 4 bit, unique device identification code cor­
responding to the 12C bus definition. This is used 
together with a 3 bit chip enable input to form a 7 
bit memory select signal. In this way up to 8 

Table 1. Signal Names 

EO- E2 Chip Enable Inputs 

SDA Serial Data Address Input Output 

SCL Serial Clock 

MODE Write Mode 

Vee Supply Voltage 

Vss Ground 

May 1992 

PSDIPB (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

[ 
3 

EO-E2 ~ 

SeL-
ST24e01 

MODE-

I 
Vss 

8~ 

PSOB (M) 

I-- SDA 

VAOOB39 

1/9 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST24e01 ST24e01 

Eoos Vee 
E1 2 7 MODE 
E2 3 6 SeL 

Vss 4 5 SDA 

Eous Vee 
E1 2 7 MODE 
E2 3 6 SeL 

Vss 4 5 SDA 
VAD0840 VADD841 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto 70 
grade 3 -40 to 125 oc 
grade 6 -40 to 85 

Tsm Storage Temperature -65 to 150 oc 

TLEAD Lead Temperature, Soldering (PS08 package) 40sec 215 •c (PSDIP8 package) 10 sec 260 

Vlo Input or Output Voltages -{).3 to 6.5 v 

Vee Supply Voltage -{).3 to 6.5 v 

Veso 
Electrostatic Discharge Voltage (Human Body model) 4000 v 

Electrostatic Discharge Voltage (Machine model) 1000 v 

Note: Except for the rating "Operat~ng Temperature Range", stresses above those listed 1n the Table "Absolute Max1mum Rat1ngs" may cause 
permanent damage to the dev1ce. These are stress rat1ngs only and operation of the dev1ce at these or any other conditions above those 
1nd1cated in the Operating sections of th1s specif1cat1on 1s not 1mphed. Exposure to Absolute Max1mum Rating cond1t1ons for extended penods 
may affect dev1ce reliability Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

DESCRIPTION (cont'd) 

ST24C01 's may be attached to the 12C bus and 
selected individually. 

The ST24C01 behaves as a slave device in the 12C 
protocol with all memory operations synchronised 
by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 7 device select bits plus one read/write 
bit and terminated by an acknowledge bit. When 
writing data to the memory it responds to the 8 bits 
received by asserting an acknowledge bit during 
the 9th bit time. When data is read by the bus 
master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi­
nated with a STOP condition. 

OPERATING MODES 

There are both Read and Write modes. Each is 
entered by the correct sequence of serial bits sent 
to the device on the SDA bus line. For some Write 
modes the status of the MODE input is also used 
to set the operating mode. 

The 8 bits sent after a START condition are made 
up of 4 bits that identify the device ty~. 3 chip 
enable bit~Land one bit for a READ (RW = 1) or 
WRITE (RW = 0) operation. 

There are three modes both for read and write. 
These are summarised in Table 4 and described 
below. 

:::.2,..:..9 ____________ ~ i~m~:~~~ -------------
362 



OPERATING MODES (cont'd) 

Byte '!!rite. In this mode a device select is sent with 
the RW bit at '0', followed by the address of the 
byte. This is followed by the 8 bit data to be written 
during the programing cycle. 

Multibyte Write and Page Write. In these modes 
up to 4 or up to 8 bytes respectively may be written 
in one programing cycle. Multibyte mode is acti­
vated when the MODE pin is at VrH level and Page 
Write when MODE is at VrL. A device select is sent 
with the RW bit at '0', followed by the address of 
the first byte. This is followed by the data bytes to 
write. The bytes are written in the programing cycle. 
All 8 bytes written in the Page Write mode must 
have the same five upper address bits. 

Current Address Read. In this mode the device 
select is sent with the RW bit at '1 '.The address of 
the previous byte accessed is automatically incre­
mented and the new byte read. 

Random Address Read. This mode allows ran­
dom acce~ to the memory. A device select is sent 
with the RW bit at '0' (write), followed by the byte 
address. Then a new START condition is forced 
with the same device select is sent with the RW bit 
at '1' (read) and the byte is read. 

Sequential Read. This mode starts with either a 
Current Address or Random Address read se-

Table 3. Device Select Code 

Device Code 

Bit b7 I b6 I b5 

Device Select 1 I 0 I 1 

Note: The MSB b7 is sent first 

Table 4. Operating Modes 

Mode RWbit MODE 

Current Address Read '1' X 

Random Address Read 
'0' X 

'1' X 

Sequential Read '1' X 

Byte Write '0' V1H or V1L 

Multibyte Write '0' V1H 

Page Write '0' V1L 

Note: X= v,H or v,l 

I 
I 

ST24C01 

quence, it reads consecutive bytes as long as the 
bus master acknowledges each one without gen­
erating a STOP condition. 

SIGNAL DESCRIPTIONS 

Serial Clock (SCL). The SCL input is used to 
synchronise all Data In and Data Out of the mem­
ory. A resistor must be connected from the SCL line 
to Vee to act as a pull up. 

Serial Data (SDA). The SDAsignal is bi-directional 
and used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 
with other open drain or open collector signals 
on the bus. A resistor must be connected from the 
SDA bus line to Vee to act as pull up. 

Chip Enable (EO - E2). These chip enable inputs 
are used to set the 3 least significant bits of the 7 
bit device select code. They may be driven dynam­
ically or tied to Vee or Vss to establish the device 
select code. Note that the VrL and VrH levels for the 
inputs are CMOS, not TTL, compatible. 

Mode (MODE). This signal may be driven dynam­
ically. It must be at VrL or VrH for the Byte Write 
mode, VrH for Multibyte Write mode or VrL for Page 
Write mode. Note that the voltages are CMOS 
levels, not TTL, compatible. 

Chip Enable RW 

b4 b3 I b2 I b1 bO 

0 E2 I E1 I EO RW 

Bytes Initial Sequence 

1 START, Device Select, RW = '1' 

START, Device Select, RW = '0', Address 

1 reSTART, Device Select, RW = '1' 

1 to 128 As CURRENT or RANDOM Mode 

1 START, Device Select, RW = '0' 

4 START, Device Select, RW = '0' 

8 START, Device Select, RW = '0' 

------------- ii1i litn&9ml~~~ -------------=3::...:.19 
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DEVICE OPERATION 

The ST24C01 supports the 12C protocol. This pro­
tocol defines any device that sends data onto the 
bus as a transmitter and any device that reads the 
data as a receiver. The device that controls the data 
transfer is known as the master and the other as 
the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn­
chronisation. The ST24C01 is always a slave de­
vice is all communications. 

Communications Protocol 

Data Transition or Change. Data changes on the 
SDA line must only occur when the SCL clock is 
low. SDA transitions while the clock is high are used 
to identify START or STOP conditions. 

Start Condition. START is identified by a high to 
low transition of the data bus SDA signal while the 
clock SCL is stable in the high state. A START 
condition must precede any command for data 
transfer. Except during a programming cycle, the 
ST24C01 continuously monitors the SDA and SCL 
signals for a START condition and will not respond 
unless one is given. 

Figure 4. 12C Bus Protocol 

SCL 

Figure 3. Typical Interface 

Vee 

[ 
Vee 

MODE 
1---- SDA 

'" ~ ST24e01 
V E1 
SS SeL -

v E2 ss 
I 

Vss 
VA00842 

Stop Condition. STOP is identified by a low to high 
transition of the data bus SDA signal while the clock 
SCL is stable in the high state. A STOP condition 
terminates communication between the ST24C01 
and the bus master and forces the device into the 
standby power state. 

SDA ~\...,;.. --'--/ __;____:_...,X'--.;.,__-~~~~ I 
' ' 
' ' 
~ 

START 
CONDITION 

.. ...... ... . 
SDA SDA 

INPUT CHANGE 

~ 
STOP 

CONDITION 

SCL ~- _ __F"V;\___F\_ __ 

SDA ~~~--
---.:---;.~ START CONDITION 

SCL --~--

VA00792 
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AC MEASUREMENT CONDITIONS Figure 5. AC Testing Input Output Waveforms 

Input Rise and Fall Times :<; 50ns 

Input Pulse Voltages 0.2Vcc to O.BVcc 

Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 

o.svcc~ . o.7Vcc 

. o.3Vcc 
o.2Vcc 

Table 7. Capacitance C1l (TA = 25 oc, f =100kHz) 

Symbol Parameter 

C1N Input Capacitance (SDA) 

c,N Input Capacitance (Other) 

Note: 1. Sampled only not 100% tested 

Figure 6. AC Waveforms 

SCL 

SDA IN 

: START : SDA SDA 
CONDITION INPUT CHANGE 

SCL 

SDA OUT 

' 
!-DATA OUTPUT-j 

SCL 

tW 

SDA IN 

Min Max 

8 

6 

STOP & 
BUS FREE 

------- WRITE CYCLE _____ ,_ __ _., 
STOP : : START 

CONDITION CONDITION 

VA00795 

VA00825 

Unit 

pF 

pF 

-------------I..V ~~@m~~ --------------'5"-'-/9 
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Table 5. DC Characteristics 
(TA = 0 to 70 oc, -40 to 85 oc or-40 to 125 oc; Vee =3Vto 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV:SVtN:SVcc ±2 jJA 

ILO Output Leakage Current OV:SVour:SVcc ±2 J.LA 

Icc Supply Current f =100kHz 2 mA 

lcc1 Supply Current (Standby) VtN = OV or Vee 100 jJA 

VtL Input Low Voltage (SCL & SDA) -0.3 0.3 Vee v 
VtH Input High Voltage (SCL & SDA) 0.7Vcc Vee+ 1 v 
VtL Input Low Voltage (EO - E2, MODE) -0.3 0.5 v 
VtH Input High Voltage (EO - E2, MODE) Vcc-0.5 Vee+ 1 v 
VoL Output Low Voltage loL= 3mA 0.4 v 

Table 6. AC Characteristics 
(T A = 0 to 70 oc, -40 to 85 oc or -40 to 125 oc; Vee = 3V to 5.5V) 

Symbol All Parameter Min Max Unit 

lcH1CH2 IR Clock Rise lime 1 JlS 

ICL1CL2 IF Clock Fall Ttme 300 ns 

loH1DH2 IR Input Rise Time 1 JlS 

loL1DL1 IF Input Fall Time 300 ns 

tcHOX (l) tsu STA Clock High to Input Transition 4.7 JlS 

ICHCL tHIGH Clock Pulse Width High 4 JlS 

toLCL lHo STA Input Low to Clock Low (STARl) 4 JlS 

tcLOX IHO OAT Clock Low to Input Transition 0 JlS 

lcLCH !LOW Clock Pulse Width Low 4.7 JlS 

toxcx tsUDAT Input Transition to Clock Transition 250 ns 

tcHOH tsu sro Clock High to Input High (STOP) 4.7 JlS 

loHOL teuF Input High to Input Low (Bus Free) 4.7 JlS 

tcLaV tAA Clock Low to Output Valid 0.3 3.5 JlS 

lcLQX toH Clock High to Output Transition 300 ns 

fc fscL Clock Frequency 100 kHz 

tLPF Tt Input Low Pass 1st Order Filter lime 100 ns Constant (SCL & SDA Inputs) 

tw'21 twR Write lime 10 ms 

Notes: 1. For a re START condt~on, or following a write cycle. 
2. In the Multi byte Write mode only, if accessed bytes are on two consecutive rows (upper 5 MSB must not change) the max1mum 

programming time is doubled to 20ms. 

-'-6,..;_9 ____________ ~ ~~m~i!~~ ____________ _ 
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Table 8. Endurance and Data Retention 

Endurance The ability of the EEPROM to withstand Erase/Write cycles without failure. 

Failure A failure after cycling is defined as any bit that cannot be written or loses its data after a 
subsequent retention bake of 2 years equivalent at 55 oc. 

Guarantee With 60% confidence, more than 99.9% of units can be cycled over 1,000,000 times. 

DEVICE OPERATION (cont'd) 

Acknowledge Bit. An acknowledge signal is used 
to indicate a successfull data transfer. The bus 
transmitter, either master or slave, will release the 
SDA bus after sending 8 bits of data. During the 9th 
clock pulse the receiver pulls the SDA bus low to 
acknowledge the receipt of the 8 bits of data. 

Data input. During data input the ST24C01 sam­
ples the SDA bus signal on the rising edge of the 
clock SCL. For correct device operation the SDA 
signal must be stable during the clock low to high 
transition and the data must change ONLY when 
the SCL line is low. 

Memory Addressing 

To start communication between the master and 
the slave ST24C01, the master must initiate a 
START condition. Following this the master sends 
onto the SDA bus line 8 bits (MSB first) correspond­
ing to the device select code and a READ or WRITE 
instruction. 

The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
12C bus definition. For the ST24C01 these are fixed 
as 101 Ob (OAh). 

The following 3 bits identify the specific ST24C01 
on the bus. They are matched to the chip enable 
signals EO - E2. Thus up to 8 ST24C01 's can be 
connected on the same bus giving a memory ca­
pacity total of 8k bits. After a START condition all 
ST24C01's on the bus will identify the device code 
and compare the following 3 bits to the chip enable 
inputs EO - E2. If a match is found the correspond­
ing ST24C01 will acknowledge the identification on 
the SDA bus during the 9th bit time. 

The 8th bit sent is the read or write bit (RW), this 
bit is set to '1' for read and '0' for write operations. 

Write Operation 

The Multibyte Write mode is available when the 
MODE signal is at V1H and the Page Write mode 
when this signal is at VIL· The MODE signal may 
be driven dynamically with CMOS input levels. The 
Byte Write mode is independant of the state of the 

MODE signal and the pin could be left floating if 
only this mode was to be used. However it is 
recommended that the signal is connected to either 
V1H or V1L. 

Following a START condition the master sends a 
device select code with the RW bit reset to '0'. The 
ST24C01 acknowledges this and waits for a byte 
address. The byte address of 7 bits (MSB b7 is 
'don't care) provides access to any of the 128 bytes 
of the memory. After receipt of the byte address the 
ST24C01 again responds with an acknowledge. 

Byte Write. In the Byte Write mode the master 
sends one data byte, this is acknowledged by the 
ST24C01. The master then terminates the transfer 
by generating a STOP condition. 

Multibyte Write. For the Multibyte mode the 
MODE signal must be at V1H. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 4 bytes 
of data, which are each acknowledged by the 
ST24C01. The transfer is terminated by the master 
generating a STOP condition. 

Page Write. For the Page mode the MODE signal 
must be at V1L. The Page Write mode allows up to 
8 bytes to be written in a single write cycle, provided 
that they are all located in the same 'row' in the 
memory: that is the 5 most significant memory 
address bits (A7-A3) are the same. The master 
sends from 1-8 bytes of data, which are each 
acknowledged by the ST24C01. After each byte is 
transfered, the internal byte address counter (3 
least significant bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad­
dress counter 'roll-over' which could result in data 
being overwritten. 

For any write mode the generation by the master 
of the STOP condition starts the internal memory 
program cycle. All inputs are disabled until the 
completion of this cycle and the ST24C01 will not 
respond to any request. The duration of this cycle 
is tw = 1 Oms maximum except when, in the Multi­
byte Write mode, bytes are accessed that are on 
different rows (that is have different values for the 
5 most significant address bits), when the program­
ing time is doubled to a maximum of 20ms. 
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Figure 7. Write Modes Sequence 

BYTE 
WRITE 

MUL TIBYTE 
AND 
PAGE WRITE 

ACK ACK ACK n ,..,.1 :-r-D:Ev"; ~ .... ~L.,: II. II :srT:E >pqR: Ill : P+ T~ :~~ : II. n 
START RW STOP 

ACK ACK ACK n I"""'TI :-r-D:EvT""T: ~--r-~L.,-,: 11.11 :B~~E >P9R: Ill : SAJA: I~>: II r-rl :D-rt.-~Ar-r: I~:~:~ 
START RW 

ACK ACK 
~:JII pfTt:l~ :N: II. 0 

STOP VA00793 

Figure 8. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

NO 
ACK ACK 

0 r-rl : ...,~EY-r-:sET'""T":< ..,IIIII :D~tA: qu!: II LD 
START RW STOP 

ACK ACK ACK ACK 
0 r-rl :-r~E.,Y :s--r~L.,_,: 11.11 :sy~<A:o9R: 110 I :~EY :s~< IIIII :o:AtA: 9u:< IIL_D 

- -START RW START RW STOP 
NO 

ACK ACK ACK ACK 
0 r-rl :.,..qE.-Y I"""'T:s~"""T""< T""'1111 11 P~T~ :o~~ j 1

1 c~:~~ ~~:~J 119~T+ P~T: 01 1 LD 
START RW STOP 

ACK ACK ACK ACK 
0 I""TI :"""T""~E.,Y :s--r~L.,..,: 11 11 :srT:E :ApqR: 110 I : o:EY ~~< 111119A:T+ p~T: 1: 11 :~:~: 
START RW START RW 

NO 
ACK ACK 

:~:~J 11 9~T+ :o0< 0 11 LD 
STOP VA00794 

.::c.B/9;:__ _________ ID'I SGS·THOMSON -----------
.,, OJ1D~J;~&©rn~~©li1lil©l\lJ©® 
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Read Operation 

Read operations are independent of the state of the 
MODE signal. 

Current Address Read. The ST24C01 has an 
internal byte address counter. Each time a byte is 
read, this counter is incremented. For the Current 
Address Read mode, following a START conditio_11 
the master sends a memory address with the RW 
bit set to '1 '.The ST24C01 acknowledges this and 
immediately outputs the byte addressed by the 
internal byte address counter. This counter is then 
incremented. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 

Random Address Read. A dummy write is per­
formed to load the byte address into the memory. 
This is followed by another START condition from 
thQ. master and the byte address repeated with the 
RW bit set to '1 '.The ST24C01 acknowledges this 
and immediately outputs the byte addressed. The 
master does NOT acknowledge the byte output, 
but terminates the transfer with a STOP condition. 

ORDERING INFORMATION 

ST24C01 

Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad­
dress Read. However in this case the master 
DOES acknowledge the data byte output and the 
ST24C01 continues to output the next byte in se­
quence. To terminate the stream of bytes the mas­
ter must NOT acknowledge the last byte output, but 
must generate a STOP sequence. The output data 
is from consecutive byte addresses, with the inter­
nal byte address counter automatically incre­
mented after each byte output. After a count of 128 
the address counter will 'roll-over' and the memory 
will continue to output data. 

Acknowledge in Read Mode. In all read modes 
the ST24C01 waits for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the ST24C01 terminates the 
data transfer and switches to a receiver state. The 
STOP condition is used only in the WRITE modes 
to initiate the write cycle and is ignored in the READ 
modes. 

Example: ST24C01 M 1 013TR 

I 
L.,_ __ P_a_c_ka'-'g"-'e __ ...JI I Temperature Range I lc__ _ __:O-"p-"ti.::..on:.:._ _ _, 

B PSDIPB 0 to 70 oc 013TR Tape & Reel 
0.25 mm Frame 3 -40 to 125 oc 

M PS08 
6 -40 to 85 oc 

Parts are shipped with the memory content set at all "1 's" (OFFh). 

For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

-------------- !V ~i~~lH!lu~~~9©~ -------------~91~9 





ST24C02A 

SERIAL ACCESS CMOS 2K (256 x 8) EEPROM 

• 1,000,000 ERASE/WRITE CYCLES MINIMUM, 
WITH OVER 10 YEARS DATA RETENTION 

• SINGLE 3V TO 5.5V SUPPLY VOLTAGE 
• TWO WIRE SERIAL INTERFACE, FULLY 12C 

BUS COMPATIBLE 

• BYTE AND MULTIBYTE WRITE (UP TO 4 
BYTES) 

• PAGE WRITE (UP TO 8 BYTES) 

• BYTE, RANDOM AND SEQUENTIAL READ 
MODES 

• SELF TIMED PROGRAMING CYCLE 
• AUTOMATIC ADDRESS INCREMENTING 

• GUARANTED 4kV ESD PROTECTION, USING 
HUMAN BODY MODEL 

DESCRIPTION 

The ST24C02A is a 2K bit electrically erasable 
programmable memory (EEPROM), organised as 
256 x 8 bits. It is manufactured in SGS­
THOMSON's Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of 
more than one million erase/write cycles with a data 
retention of over 10 years. Both Plastic Dual-in-Line 
and Plastic Small Outline packages are available. 

The memory is compatible with the 12C standard, 
two wire, serial interface which uses a bi-directional 
data bus and serial clock. The ST24C02A carries 
a built-in 4 bit, unique device identification code 
corresponding to the 12C bus definition. This is used 
together with a 3 bit chip enable input to form a 7 
bit memory select signal. In this way up to 8 

Table 1. Signal Names 

EO- E2 Chip Enable Inputs 

SDA Serial Data Address Input Output 

SCL Serial Clock 

MODE Write Mode 

Vee Supply Voltage 

Vss Ground 

May 1992 

.~ 
PSDIP8 (B) 

0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

I 
3 

EO-E2 =,t::) 

SeL-
ST24e02A 

MODE-

I 
Vss 

8~ 
1 

PS08 (M) 

-SDA 

VA00788 

1/9 
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ST24C02A 

Figure 2A. DIP Pin Connections 

E1 2 7 MODE 
E2 3 6 SeL 

ST24C02A 

Eoli]s Vee 

Vss 4 5 SDA 
VAD0789 

Table 2. Absolute Maximum Ratings 

Symbol Parameter 

TA Ambient Operating Temperature 

TsrG Storage Temperature 

Figure 28. SO Pin Connections 

ST24e02A 

Eo[]s Vee 
E1 2 7 MODE 
E2 3 6 SCL 

Vss 4 5 SDA 
VAD0790 

Value Unit 

grade 1 Oto 70 
grade 3 -40 to 125 ac 
grade 6 -40 to 85 

-65 to 150 ac 

TLEAD Lead Temperature, Soldering (PSOB package) 40 sec 215 oc 
(PSDIPB package) 10 sec 260 

v,o Input or Output Voltages -0.3 to 6.5 v 

Vee Supply Voltage -0.3 to 6.5 v 

VESD 
Electrostatic Discharge Voltage (Human Body model) 4000 v 
Electrostatic Discharge Voltage (Machine model) 1000 v 

Note: Except for the rating "Operating Temperature Range", stresses above those listed 1n the Table "Absolute Max1mum Ratings" may cause 
permanent damage to the device. These are stress ratmgs only and operation of the device at these or any other cond1t1ons above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

DESCRIPTION (cont'd) 

ST24C02A's may be attached to the 12C bus and 
selected individually. 

The ST24C02A behaves as a slave device in the 
12C protocol with all memory operations syn­
chronised by the serial clock. Read and write oper­
ations are initiated by a START condition generated 
by the bus master. The START condition is followed 
by a stream of 7 device select bits plus one 
read/write bit and terminated by an acknowledge 
bit. When writing data to the memory it responds to 
the 8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi­
nated with a STOP condition. 

OPERATING MODES 

There are both Read and Write modes. Each is 
entered by the correct sequence of serial bits sent 
to the device on the SDA bus line. For some Write 
modes the status of the MODE input is also used 
to set the operating mode. 

The 8 bits sent after a START condition are made 
up of 4 bits that identify the device ty~, 3 chip 
enable bit~ and one bit for a READ (RW = 1) or 
WRITE (RW = 0) operation. 

There are three modes both for read and write. 
These are summarised in Table 4 and described 
below. 

=2/_::_9 ____________ ~~~©It&~~~~~~~--------------
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OPERATING MODES (cont'd) 

Byte 'OC!"ite. In this mode a device select is sent with 
the RW bit at '0', followed by the address of the 
byte. This is follwed by the 8 bit data to be written 
during the programing cycle. 

Multibyte Write and Page Write. In these modes 
up to 4 or up to 8 bytes respectively may be written 
in one programing cycle. Multibyte Write mode is 
activated when the MODE pin is at V1H level and 
Page Write when fv1QDE is at V1L. A device select 
is sent with the RW bit at ·o·, followed by the 
address of the first byte. This is followed by the data 
bytes to write. The bytes are written in the program­
ing cycle. All 8 bytes written in the Page Write mode 
must have the same five upper address bits. 

Current Address Read. In this mode the device 
select is sent with the RW bit at '1'. The address of 
the previous byte accessed is automatically incre­
mented and the new byte read. 

Random Address Read. This mode allows ran­
dom acce~ to the memory. A device select is sent 
with the RW bit at '0' (write), followed by the byte 
address. Then a new START condition is forced 
with the same device select is sent with the RW bit 
at '1' (read) and the byte is read. 

Sequential Read. This mode starts with either a 
Current Address or Random Address read se-

Table 3. Device Select Code 

Device Code 

Bit b7 I b6 I b5 

Device Select 1 I 0 I 1 

Note: The MSB b7 is sent first. 

Table 4. Operating Modes 

Mode RWbit MODE 

Current Address Read '1' X 

Random Address Read 
'0' X 

'1' X 

Sequential Read '1' X 

Byte Write '0' VrH orVrL 

Multiby1e Write '0' VrH 

Page Write ·o· VrL 

Note: X= VrH or VrL 

I 
I 

ST24C02A 

quence, it reads consecutive bytes as long as the 
bus master acknowledges each one without gen­
erating a STOP condition. 

SIGNAL DESCRIPTIONS 

Serial Clock (SCL). The SCL input is used to 
synchronise all Data In and Data Out of the mem­
ory. A resistor must be connected from the SCL line 
to Vee to act as a pull up. 

Serial Data (SDA). The SDAsignal is bi-directional 
and used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 
with other open drain or open collector signals 
on the bus. A resistor must be connected from the 
SDA bus line to Vee to act as pull up. 

Chip Enable (EO - E2). These chip enable inputs 
are used to set the 3 least significant bits of the 7 
bit device select code. They may be driven dynam­
ically or tied to Vee or Vss to establish the device 
select code. Note that the V1L and V1H levels for the 
inputs are CMOS, not TTL, compatible. 

Mode (MODE). This signal may be driven dynam­
ically. It must be at V1L or V1H for the Byte Write 
mode, V1H for Multi byte Write mode or V1L for Page 
Write mode. Note that the voltages are CMOS 
levels, not TTL, compatible. 

-
Chip Enable RW 

b4 b3 I b2 I b1 bO 

E2 I E1 I EO 
-

0 RW 

Bytes Initial Sequence 

1 START, Device Select, RW = '1' 

START, Device Select, RW = '0', Address 

1 reSTART, Device Select, RW = '1' 

1 to 256 As Current or Random Mode 

1 START, Device Select, RW = '0' 

4 START, Device Select, RW = '0' 

8 START, Device Select, RW = '0' 

-------------~ ~i©IH~~i!J~~ -------------=3::..::./9 
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DEVICE OPERATION 

The ST24C02A supports the 12C protocol. This 
protocol defines any device that sends data onto 
the bus as a transmitter and any device that reads 
the data as a receiver. The device that controls the 
data transfer is known as the master and the other 
as the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn­
chronisation. The ST24C02A is always a slave 
device is all communications. 

Communications Protocol 
Data Transition or Change. Data changes on the 
SDA line must only occur when the SCL clock is 
low. SDA transitions while the clock is high are used 
to identify START or STOP conditions. 

Start Condition. START is identified by a high to 
low transition of the data bus SDA signal while the 
clock SCL is stable in the high state. A START 
condition must precede any command for data 
transfer. Except during a programming cycle, the 
ST24C02A continuously monitors the SDA and 
SCL signals for a START condition and will not 
respond unless one is given. 

Figure 4. 12C Bus Protocol 

SCL 

SDA D !_ 
' ' 
' ' ' ' ' :.------.: .. .. : .. 

X 

START SDA SDA 

Figure 3. Typical Interface 

Vee 

Vee 

Vss 
Vss 

MODE 

SCL 

Vee 

ST24C02A 

Vss 

SDA 

VA00791 

Stop Condition. STOP is identified by a low to high 
transition of the data bus SDAsignal while the clock 
SCL is stable in the high state. A STOP condition 
terminates communication between the 
ST24C02A and the bus master and forces the 
device into the standby power state. 

' 

.. :.------.: 

CONDITION INPUT CHANGE 
STOP 

CONDITION 

SCL ~--~--

SDA ~=~--
: : START CONDITION 

SCL --~--

VA00792 

_::41""9------------liY ~~m~~~~ ____________ _ 
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AC MEASUREMENT CONDITIONS Figure 5. AC Testing Input Output Waveforms 

Input Rise and Fall Times !> 50ns 

Input Pulse Voltages 0.2Vcc to O.BVcc o.svcc~ - o.?Vcc 

- o.3Vcc 
o.2Vcc 

Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 

Table 7. Capacitance (1) (TA = 25 oc, f =100kHz) 

Symbol Parameter 

C1N Input Capacitance (SDA) 

C1N Input Capacitance (Other) 

Note: 1. Sampled only not 100% tested. 

Figure 6. AC Waveforms 

SCL 

SDA IN 

: START : SDA SDA 
CONDITION INPUT CHANGE 

SCL 

SDA OUT 

i- DATA OUTPUT--j 

SCL 

tW 

SDA IN 

Min Max 

8 

6 

STOP & 
BUS FREE 

,._S_TO_P__.;:_____ WRITE CYCLE -----to,..: ,_S_T_A_R_T_.. 

CONDITION CONDITION 

VA00795 

VA00825 

Unit 

pF 

pF 

--------------------------- ~~~~~,~~~-------------------------5 __ /9 
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Table 5. DC Characteristics 
(TA = 0 to 70 oc, -40 to 85 oc or -40 to 125 oc; Vee = 3V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV ~ V1N ~Vee ±2 J.lA 

ILO Output Leakage Current OV ~ Vour ~Vee ±2 J.lA 

Icc Supply Current I= 100kHz 2 mA 

lcc1 Supply Current (Standby} V1N = OV or Vee 100 J.lA 

V1L Input Low Voltage (SCL & SDA} --Q.3 0.3 Vee v 

v,H Input High Voltage (SCL & SDA} 0.7 Vee Vee+ 1 v 

V1L 
Input Low Voltage --Q.3 0.5 v (EO - E2, MODE) 

V1H 
Input High Voltage Vee --o.5 Vee+ 1 v (EO · E2, MODE} 

VoL Output Low Voltage loL =3mA 0.4 v 

Table 6. AC Characteristics 
(TA = 0 to 70 oc, -40 to 85 oc or -40 to 125 oc; Vee = 3V to 5.5V) 

Symbol All Parameter Min Max Unit 

ICH1CH2 IR Clock Rise Time 1 J.lS 

ICL1CL2 IF Clock Fall Time 300 ns 

IDH1DH2 IR Input Rise Time 1 J.lS 

IDL1DL1 IF Input Fall Time 300 ns 

ICHDX (1) lsU.STA Clock High to Input Transition 4.7 J.lS 

lcHCL IHIGH Clock Pulse Width High 4 J.lS 

loLCL IHD STA Input Low to Clock Low (START} 4 J.lS 

tcLDX tHD.DAT Clock Low to Input Transition 0 J.lS 

ICLCH I LOw Clock Pulse Width Low 4.7 J.lS 

toxcx lsu OAT Input Transition to Clock Transition 250 ns 

ICHDH tsusm Clock High to Input High (STOP) 4.7 J.lS 

IDHDL tsuF Input High to Input Low (Bus Free} 4.7 J.lS 

lcLav IAA Clock Low to Output Valid 0.3 3.5 J.lS 

ICLQX loH Clock High to Output Transition 300 ns 

fc fscL Clock Frequency 100 kHz 

ILPF T, Input Low Pass 1st Order Filter Time 100 ns Constant (SCL & SDA Inputs} 

tw(21 twR Write Time 10 ms 

Notes: 1. For are START cond1t1on, or following a wnte cycle. 
2. In the Multi byte Write mode only, if accessed bytes are on two consecutive rows (upper 5 MSB must not change) the maximum 

programming time is doubled to 20ms. 

619 ~ SGS·lHOMSON -=-=-------------- •"'fl IIAIO©OO@~~rn©'TI'IJB©IiliD@@ ----------------
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Table 8. Endurance and Data Retention 

Endurance The ability of the EEPROM to withstand Erase/Write cycles without failure. 

Failure A failure after cycling is defined as any bit that cannot be written or loses its data after 
a subsequent retention bake of 2 years equivalent at 55 °C. 

Guarantee With 60% confidence, more than 99.9% of units can be cycled over 1,000,000 times. 

DEVICE OPERATION (cont'd) 

Acknowledge Bit. An acknowledge signal is used 
to indicate a successful! data transfer. The bus 
transmitter, either master or slave, will release the 
SDA bus after sending 8 bits of data. During the 9th 
clock pulse the receiver pulls the SDA bus low to 
acknowledge the receipt of the 8 bits of data. 

Data Input. During data input the ST24C02A sam­
ples the SDA bus signal on the rising edge of the 
clock SCL. For correct device operation the SDA 
signal must be stable during the clock low to high 
transition and the data must change ONLY when 
the SCL line is low. 

Memory Addressing 

To start communication between the master and 
the slave ST24C02A, the master must initiate a 
START condition. Following this the master sends 
onto the SDA bus line 8 bits (MSB first) correspond­
ing to the device select code and a READ or WRITE 
instruction. 

The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
12C bus definition. For the ST24C02A these are 
fixed as 1 01 Ob (OAh). 

The following 3 bits identify the specific ST24C02A 
on the bus. They are matched to the chip enable 
signals EO - E2. Thus up to 8 ST24C02A's can be 
connected on the same bus giving a memory ca­
pacity total of 16k bits. After a START condition all 
ST24C02A's on the bus will identify the device code 
and compare the following 3 bits to the chip enable 
inputs EO- E2. If a match is found the correspond­
ing ST24C02A will acknowledge the identification 
on the SDA bus during the 9th bit time. 

The 8th bit sent is the read or write bit (RiN), this 
bit is set to '1' for read and '0' for write operations. 

Write Operation 

The Multibyte Write mode is available when the 
MODE signal is at V1H and the Page Write mode 
when this signal is at V1L. The MODE signal may 
be driven dynamically with CMOS input levels. The 
Byte Write mode is independant of the state of the 

MODE signal and the pin could be left floating if 
only this mode was to be used. However it is 
recommended that the signal is connected to either 
V1H or V1L. 

Following a START condition_!he master sends a 
device select code with the RW bit reset to '0'. The 
ST24C02A acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac­
cess to any of the 256 bytes of the memory. After 
receipt of the byte address the ST24C02A again 
responds with an acknowledge. 

Byte Write. In the Byte Write mode the master 
sends one data byte, this is acknowledged by the 
ST24C02A. The master then terminates the trans­
fer by generating a STOP condition. 

Multibyte Write. For the Multibyte mode the 
MODE signal must be at V1H. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 4 bytes 
of data, which are each acknowledged by the 
ST24C02A. The transfer is terminated by the mas­
ter generating a STOP condition. 

Page Write. For the Page mode the MODE signal 
must be at V1L. The Page Write mode allows up to 
8 bytes to be written in a single write cycle, provided 
that they are all located in the same 'row' in the 
memory: that is the 5 most significant memory 
address bits (A7-A3) are the same. The master 
sends from 1-8 bytes of data, which are each 
acknowledged by the ST24C02A. After each byte 
is transfered, the internal byte address counter (3 
least significant bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad­
dress counter 'roll-over' which could result in data 
being overwritten. 

For any write mode the generation by the master 
of the STOP condition starts the internal memory 
program cycle. All inputs are disabled until the 
completion of this cycle and the ST24C02A will not 
respond to any request. The duration of this cycle 
is tw = 1 Oms maximum except when, in the Multi­
byte Write mode, bytes are accessed that are on 
different rows (that is have different values for the 
5 most significant address bits), when the program­
ing time is doubled to a maximum of 20ms. 
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Figure 7. Write Modes Sequence 

BYTE 
WRITE 

MULTIBYTE 
AND 
PAGE WRITE 

ACK ACK ACK 

n rTI : .... D:Ev,.....; ~-r~L,...,: 'I· II :sr~E >r9R: Ill : :D+ Tf :~~ : II. n 
START RW STOP 

ACK ACK ACK 

n .--.., :"""T""D:EvT"""'I: ~-.-~L.,....,: 'I· II :sr~<ApqR: Ill :~At~ I~>: II r-rl :"""T'"D~-r--~ArT: 10 :~:~ 
ST.ART RW 

ACK ACK 

~:1 1 1 rfTt :~~ :N: 1 1
• n 
STOP VA00793 

Figure 8. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

NO 
ACK ACK 

0 ,......., ;-rqE-r-f ,.....,.P~L-.-; .,11111 ;ott A: qu!: 11 LD 
START RW STOP 

ACK ACK ACK ACK 

0 r-rl ;-.-qE.,Y ~-.-~L,...,: 11,11 :sr~<A:o9R: 110 I ;qEy ;s~< 11111 ;o:AtA: 9u:< IILD 
- -START RW START RW STOP 

NO 
ACK ACK ACK ACK 

0 ,.....I ;-rqE-r-f r-r:s~L-r-: ,IIlii hT~ ;o~~ j II c~:~~ ~~:~J 119~T~ P~T: 01 1 LD 
START RW STOP 

ACK ACK ACK ACK 

0 ,.....1 :-.-~E.,...,Y ;s-.-~L.,....,; l1, 11 :srT:<AP~R: 110 I : ~EY P~< 111 119A:Tf P~T: < 11 :~:~: 
- -START RW START RW 

NO 
ACK ACK 

:~:~1 119A:T+ P~T: 01 1 LD 
STOP VA00794 

8/9 ~ SGS·lHOMSON =-=----------- A."'fl ~D©OO@~Il.il:©'ITOO@Ii)ID©:O ----------
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Read Operation 

Read operations are independent of the state of the 
MODE signal. 

Current Address Read. The ST24C02A has an 
internal byte address counter. Each time a byte is 
read, this counter is incremented. For the Current 
Address Read mode, following a START conditio_11_ 
the master sends a memory address with the RW 
bit set to '1'. The ST24C02A acknowledges this and 
immediately outputs the byte addressed by the 
internal byte address counter. This counter is then 
incremented. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 

Random Address Read. A dummy write is per­
formed to load the byte address into the memory. 
This is followed by another START condition from 
th~ master and the byte address repeated with the 
RW bit set to '1 •. The ST24C02Aacknowledges this 
and immediately outputs the byte addressed. The 
master does NOT acknowledge the byte output, 
but terminates the transfer with a STOP condition. 

ORDERING INFORMATION 

Example: ST24C02A M 

ST24C02A 

Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad­
dress Read. However in this case the master 
DOES acknowledge the data byte output and the 
ST24C02A continues to output the next byte in 
sequence. To terminate the stream of bytes the 
master must NOT acknowledge the last byte out­
put, but must generate a STOP sequence. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automati­
cally incremented after each byte output. After a 
count of 256 the address counter will 'roll-over' and 
the memory will continue to output data. 

Acknowledge in Read Mode. In all read modes 
the ST24C02A waits for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the ST24C02A terminates the 
data transfer and switches to a receiver state. The 
STOP condition is used only in the WRITE modes 
to initiate the write cycle and is ignored in the READ 
modes. 

013TR 

Temperature Range 

1 0 to 70 oc 
Option 

013TR Tape & Reel 

M PSOB 
3 -40 to 125 oc 
6 -40 to 85 oc 

Parts are shipped with the memory content set at all "1's" (OFFh). 

For a list of available options of Package and Speed, refer to the Selector Guide in this Data Book or to 
the current Memory Shortform Catalogue. 

For further information on any aspect of this device, please contact our Sales Office nearest you. 

~ SGS·lHOMSON 9/9 
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SERIAL ACCESS CMOS 4K (2 by 256 x 8) EEPROM 

• 1,000,000 ERASE/WRITE CYCLES MINIMUM, 
WITH OVER 1 0 YEARS DATA RETENTION 

• SINGLE 3V TO 5.5V POWER SUPPLY 

• USER DEFINED WRITE PROTECT AREA 

• TWO WIRE SERIAL INTERFACE, FULLY 12C 
BUS COMPATIBLE 

• BYTE AND MULTIBYTE WRITE (UP TO 4 
BYTES) 

• PAGE WRITE (UP TO 8 BYTES) 

• BYTE, RANDOM AND SEQUENTIAL READ 
MODES 

• SELF TIMED PROGRAMING CYCLE 
• AUTOMATIC ADDRESS INCREMENTING 

• GUARANTED 4kV ESD PROTECTION, USING 
HUMAN BODY MODEL 

DESCRIPTION 

The ST24C04 is a 4K bit electrically erasable pro­
grammable memory (EEPROM), organised as 2 
blocks of 256 x 8 bits. It is manufactured in SGS­
THOMSON's Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of 
more than one million erase/write cycles with a data 
retention of over 1 0 years. Both Plastic Dual-in-Line 
and Plastic Small Outline packages are available. 

The memory is compatible with the 12C standard, 
two wire, serial interface which uses a bi-directional 
data bus and serial clock. The ST24C04 carries a 
built-in 4 bit, unique device identification code cor­
responding to the 12C bus definition. This is used 
together with a 2 bit chip enable input to form a 6 
bit memory select signal. In this way up to 4 

Table 1. Signal Names 

PRE Write Protect Enable 

E1- E2 Chip Enable Inputs 

SDA Serial Data Address Input Output 

SCL Senal Clock 

MODE Write Mode 

Vee Supply Voltage 

Vss Ground 

May 1992 

PSDIPB (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

I 
2 

E1-E2 ~ 

PRE- ST24e04 

seL-
MODE-

I 
Vss 

14\# 

1 

PS014 (ML) 

1--- SDA 

VA00851 
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Figure 2A. DIP Pin Connections 

ST24C04 

PRE 08 Vee 
E1 2 7 MODE 
E2 3 6 seL 

Vss 4 5 SDA 

VA00852 

Table 2. Absolute Maximum Ratings 

Symbol Parameter 

TA Ambient Operating Temperature 

Tsm Storage Temperature 

Figure 28. SO Pin Connections 

PRE 
E1 
Ne 
E2 

Vss 

Vee 
MODE 

N e --u...:.._____::..r-

Ne 
SeL 
SDA 
Ne 

VAOOB53 

Warning: NC =No Connection 

Value 

grade 1 0 to 70 
grade 3 -40 to 125 
grade 6 -40 to 85 

-65 to 150 

Unit 

oc 

oc 

TLEAD Lead Temperature, Soldering (PS014 package) 40 sec 215 oc 
(PSDIP8 package) 10 sec 260 

Vro Input or Output Voltages -0.3 to 6.5 v 
Vee Supply Voltage -0.3 to 6.5 v 

VESD 
Electrostatic Drscharge Voltage (Human Body model) 4000 v 
Electrostatic Discharge Voltage (Machine model) 1000 v 

Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the devrce. These are stress ratings only and operatron of the device at these or any other condrtions above those 
rndrcated rn the Operating sections of this specrfication rs not implred. Exposure to Absolute Maximum Rating condrtrons for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

DESCRIPTION (cont'd) 

ST24C04's may be attached to the 12C bus and 
selected individually. 

The ST24C04 behaves as a slave device in the 12C 
protocol with all memory operations synchronised 
by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 6 device select bits, one block select bit, 
plus one read/write bit and terminated by an ac­
knowledge bit. When writing data to the memory it 
responds to the 8 bits received by asserting an 
acknowledge bit during the 9th bit time. When data 
is read by the bus master, it acknowledges the 

receipt of the data bytes in the same way. Data 
transfers are terminated with a STOP condition. 

Data in the upper block of the memory may be write 
protected. The protected area is programmable to 
start on any 8 byte boundary. Protection is enabled 
by setting a memory bit flag and the PRE signal 
input. 

OPERATING MODES 

There are both Read and Write modes. Each is 
entered by the correct sequence of serial bits sent 
to the device on the SDA bus line. For some Write 
modes the status of the MODE input is also used 
to set the operating mode. For the Protect mode 

:::21.:..,:10:.__ __________ ID'I SGS·ntOMSON ------------
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OPERATING MODES (cont'd) 

the status of the PRE input determines whether 
protection is enabled or disabled. 

The 8 bits sent after a START condition are made 
up of a device select of 4 bits that identify the device 
type, 2 chip enable bits, one block select bit and 
one bit for a READ (RW = 1) or WRITE (RW = 0) 
operation. 

There are three modes both for read and write. 
These are summarised in Table 4 and described 
below. 

Byte Write. In this mode a device select is sent with 
the RW bit at '0', followed by the address of the 
byte. This is followed by the 8 bit data to be written 
during the programing cycle. 

Multibyte Write and Page Write. In these modes 
up to 4 or up to 8 bytes respectively may be written 
in one programing cycle. Multibyte Write mode is 
activated when the MODE pin is at V1H level and 
Page Write when MODE is at V1L. A device select 
is sent with the RW bit at ·o·, followed by the 
address of the first byte. This is followed by the data 
bytes to write. The bytes are written in the program­
ing cycle. AilS bytes written in the Page Write mode 
must have the same five upper address bits. 

Current Address Read. In this mode the device 
select is sent with the RW bit at '1'. The address of 
the previous byte accessed is automatically incre­
mented and the new byte read. 

Table 3. Device Select Code 

Device Code 

Bit b7 1 b6 I b5 

Device Select 1 1 0 I 1 

Note: The MSB b7 IS sent first. 

Table 4. Operating Modes 

Mode RWbit MODE 

Current Address Read '1' X 

Random Address Read 
'0' X 

'1' X 

Sequential Read '1' X 

ByteWnte '0' V1H0rV1L 

Multibyte Write '0' VIH 

Page Write '0' V1L 

Note: X= V1H or VIL 

I 
I 

ST24C04 

Random Address Read. This mode allows ran­
dom acce~to the memory. A device select is sent 
with the RW bit at '0' (write), followed by the byte 
address. Then a new START condition is forced 
with the same device select is sent with the RW bit 
at '1' (read) and the byte is read. 

Sequential Read. This mode starts with either a 
Current Address or Random Address read se­
quence, it reads consecutive bytes as long as the 
bus master acknowledges each one without gen­
erating a STOP condition. 

Write Protect. Data in the upper 256 byte block of 
the memory may be write protected. The protection 
starts at any 8 byte boundary. The address at which 
protection starts is defined by the contents of the 
upper 5 bits (b7- b3 of the top memory location 
(block 1, byte address 1 FFh). Bit 2 of this memory 
location is used as a flag to indicate that the pro­
tection is enabled (b2 = '0') or disabled (b2 = '1 '). 
The lower two bits, b1 & bO, are not used. The 
sequence to follow to use the memory protect 
feature is as follows: write the memory contents to 
be protected into the top of the upper block of the 
memory, up to location 1 FEh. Then establish the 
memory protect area and set the protection by 
writing the correct contents into location 1 FFh. The 
area will now be protected when the PRE signal is 
active (High). 

Chip Enable Block RW Select 

b4 b3 I b2 b1 bO 

0 E2 I E1 AB RW 

Bytes Initial Sequence 

1 START, Device Select, RW = '1' 

START, Device Select, RW = '0', Address 

1 reSTART. Device Select, RW = '1' 

1 to512 As CURRENT or RANDOM Mode 
-

1 START, Device Select, RW = '0' 

4 START, Device Select, RW = '0' 

8 START, Device Select, RW = '0' 

-------------- i..W ~!i~©ltl~~~~Jl------------=3/..:..::10 
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Figure 3. Memory Protection 

Protect Location 

8 byte 
boundary 
address 

Protect Flag 
Enable = 0 
Disable = 1 

1FFh _ .. _ .. _ .. _ .. _1_1~ .. ~ 

Blk 1 

100h 

Blk 0 

Figure 5. 12C Bus Protocol 

SCL 

SDA 

START 
CONDITION 

VA00855 

SDA SDA 
INPUT CHANGE 

Figure 4. Typical Interface 

Vee 

I 
Vee 

MODE 

'cc :8 ST24C04 

Vss E1 
SCL-

V E2 ss 
I 

Vss 

---~ 

I 

:.-----------.: 
STOP 

CONDITION 

SDA ~:~--
-~--START CONDITION 

SCL --~--

STOP CONDITION 

[-- SDA 

VA00854 

VA00792 

..::.41_:_:10:..__ _________ ID'J SGS·lHOMSON 
- 'l• lio'ID©]]©~~~©'ITilB©i:IID©® ----------------

384 



ST24C04 

AC MEASUREMENT CONDITIONS Figure 6. AC Testing Input Output Waveforms 

Input Rise and Fall Times ~ SOns 

Input Pulse Voltages o.svcc~ - o.7Vcc 

- o.3Vcc 
0.2Vcc 

0.2Vcc to O.BVcc 

Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 

Table 7. Capacitance <1> (TA = 25 °C, f = 100kHz) 

Symbol Parameter 

CrN Input Capacitance (SDA) 

CrN Input Capacitance (Other) 

Note: 1. Sampled only not 100% tested 

Figure 7. AC Waveforms 

SCL 

SDA IN 

SCL 

SDA OUT 

~ 
' START ' 
CONDITION 

Min 

SDA SDA 
INPUT CHANGE 

Max 

8 

6 

STOP & 
BUS FREE 

~DATA OUTPUT-+i 

SCL 

SDA IN 

' ' 

STOP 
CONDITION 

WRITE CYCLE-------<-:+---____.; 
: START 
CONDITION 

VAOOB25 

Unit 

pF 

pF 

VA00795 
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Table 5. DC Characteristics 
(TA = 0 to 70 oc, -40 to 85 oc or -40 to 125 oc; Vee = 3V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV sV1NS Vee ±2 J.tA 

ILO Output Leakage Current OV s Vour s Vee ±2 J.tA 

Icc Supply Current I= 100kHz 2 mA 

lcc1 Supply Current (Standby) V1N = OV or Vee 100 J.tA 

V1L Input Low Voltage (SCL & SDA) -0.3 0.3 Vee v 

v,H Input High Voltage (SCL & SDA) 0.7 Vee Vee+ 1 v 

V1L 
Input Low Voltage -0.3 0.5 v 
(E1 - E2, PRE, MODE) 

V1H 
Input High Voltage Vee- 0.5 Vee+ 1 v (E1 - E2, PRE, MODE) 

VoL Output Low Voltage loL= 3mA 0.4 v 

Table 6. AC Characteristics 
(TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee = 3V to 5.5V) 

Symbol A It Parameter Min Max Unit 

lcH1CH2 IR Clock Rise Time 1 J.lS 

lcL1CL2 IF Clock Fall Time 300 ns 

IDH1DH2 IR Input Rise Time 1 J.lS 

lou ou IF Input Fall T1me 300 ns 

lcHDX (1) !su STA Clock High to Input Transition 4.7 J.lS 

lcHCL !HIGH Clock Pulse Width High 4 J.lS 

loLCL IHD STA Input Low to Clock Low (START) 4 J.lS 

lcLDX IHD DAT Clock Low to Input Transition 0 J.lS 

lcLCH I LOW Clock Pulse Width Low 4.7 J.lS 

toxcx ISUDAT Input Transition to Clock Transition 250 ns 

ICHDH lsusm Clock High to Input High (STOP) 4.7 J.lS 

IOHDL tsuF Input High to Input Low (Bus Free) 4.7 J.lS 

ICLQV IAA Clock Low to Output Valid 0.3 3.5 J.lS 

!cLOX loH Clock High to Output Transition 300 ns 

fc fscL Clock Frequency 100 kHz 

ILPF T, Input Low Pass 1st Order Filter Time 
100 ns Constant (SCL & SDA Inputs) 

tw 12) lwR Write Time 10 ms 

Notes: 1. For are START condit1on, or following a write cycle. 
2. In the Mulllbyte Write mode only, if accessed bytes are on two consecutive rows (upper 5 MSB must not change) the maximum 

programming time is doubled to 20ms . 

.::.;,6,..:..10=-------------~ ~~©m~:~~©, _____________ _ 
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Table 8. Endurance and Data Retention 

Endurance The ability of the EEPROM to withstand Erase/Write cycles without failure. 

Failure A failure after cycling is defined as any bit that cannot be written or loses its data after a 
subsequent retention bake of 2 years equivalent at 55 °C. 

Guarantee With 60% confidence, more than 99.9% of units can be cycled over 1 ,000,000 times. 

OPERATING MODE (cont'd) 

Caution: Special attention must be used when 
using the protect mode together with the Multibyte 
Write mode (MODE input High). If the Multibyte 
write of up to 4 bytes starts at the location just 
before the protected area then it is able to write over 
the first 3 bytes in the protected area. The true area 
protected is therefore smaller and equal to the 
content of defined in the location 1 FFh plus 3 bytes. 
This does not apply to the Page write mode as the 
address counter rolls over and thus cannot go 
above the 8 byte lower boundary of the protected 
area. 

SIGNAL DESCRIPTIONS 

Serial Clock (SCL}. The SCL input is used to 
synchronise all Data In and Data Out of the mem­
ory. A resistor must be connected from the SCL line 
to Vee to act as a pull up. 

Serial Data (SDA). The SDAsignal is bi-directional 
and used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 
with other open drain or open collector signals 
on the bus. A resistor must be connected from the 
SDA bus line to Vee to act as pull up. 

Chip Enable (E1 - E2}. These chip enable inputs 
are used to set the 2 least significant bits of the 6 
bit device select code. They may be driven dynam­
ically or tied to Vee or Vss to establish the device 
select code. Note that the V1L and V1H levels for the 
inputs are CMOS, not TTL, compatible. 

Mode (MODE}. This signal may be driven dynam­
ically. It must be at V1L or V1H for the Byte Write 
mode, V1H for Multibyte Write mode or V1L for Page 
Write mode. Note that the voltages are CMOS 
levels, not TTL, compatible. 

Protect Enable (PRE}. This signal may be driven 
dynamically. It must be at V1L or V1H for the Byte 
Write mode, V1H for Multibyte Write mode or V1L for 
Page Write mode. Note that the voltages are 
CMOS levels, not TTL, compatible. 

DEVICE OPERATION 

The ST24C04 supports the 12C protocol. This pro­
tocol defines any device that sends data onto the 
bus as a transmitter and any device that reads the 
data as a receiver. The device that controls the data 
transfer is known as the master and the other as 
the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn­
chronisation. The ST24C04 is always a slave de­
vice is all communications. 

Communications Protocol 

Data Transition or Change. Data changes on the 
SDA line must only occur when the SCL clock is 
low. SDA transitions while the clock is high are used 
to identify START or STOP conditions. 

Start Condition. START is identified by a high to 
low transition of the data bus SDA signal while the 
clock SCL is stable in the high state. A START 
condition must precede any command for data 
transfer. Except during a programming cycle, the 
ST24C04 continuously monitors the SDA and SCL 
signals for a START condition and will not respond 
unless one is given. 

Stop Condition. STOP is identified by a low to high 
transition of the data bus SDA signal while the clock 
SCL is stable in the high state. A STOP condition 
terminates communication between the ST24C04 
and the bus master and forces the device into the 
standby power state. 

Acknowledge Bit. An acknowledge signal is used 
to indicate a successful! data transfer. The bus 
transmitter, either master or slave, will release the 
SDA bus after sending 8 bits of data. During the 9th 
clock pulse the receiver pulls the SDA bus low to 
acknowledge the receipt of the 8 bits of data. 

Data Input. During data input the ST24C04 sam­
ples the SDA bus signal on the rising edge of the 
clock SCL. For correct device operation the SDA 
signal must be stable during the clock low to high 
transition and the data must change ONLY when 
the SCL line is low. 

______________ ~ ~i~;;m~~~~~ ____________ 7.:..:./.:..::10 
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Memory Addressing 

To start communication between the master and 
the slave ST24C04, the master must initiate a 
START condition. Following this the master sends 
onto the SDA bus line 8 bits (MSB first) correspond­
ing to the device select code, block select bit and 
a READ or WRITE instruction. 

The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
12C bus definition. For the ST24C04 these are fixed 
as 1010b (OAh). 

The following 2 bits identify the specific ST24C04 
on the bus. They are matched to the chip enable 
signals E1 - E2. Thus up to 4 ST24C04's can be 
connected on the same bus giving a memory ca­
pacity total of 16k bits. After a START condition all 
ST24C04's on the bus will identify the device code 
and compare the following 2 bits to the chip enable 
inputs E1 - E2. If a match is found the correspond­
ing ST24C04 will acknowledge the identification on 
the SDA bus during the 9th bit time. 

The 7th bit sent selects one of the two blocks of 256 
bytes of the memory, effectively acting as memory 
address AS (A7- AO byte addresses are sent later). 

The 8th bit sent is the read or write bit (RiN), this 
bit is set to '1' for read and '0' for write operations. 

Write Operation 

The Multibyte Write mode is available when the 
MODE signal is at V1H and the Page Write mode 
when this signal is at ViL· The MODE signal may 
be driven dynamically with CMOS input levels. The 
Byte Write mode is independant of the state of the 
MODE signal and the pin could be left floating if 
only this mode was to be used. However it is 
recommended that the signal is connected to either 
V1H orVIL· 

Following a START condition.J.he master sends a 
device select code with the RW bit reset to '0'. The 
ST24C04 acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac­
cess to any of the 256 bytes in the selected block 
of the memory. After receipt of the byte address the 
ST24C04 again responds with an acknowledge. 

Byte Write. In the Byte Write mode the master 
sends one data byte, this is acknowledged by the 
ST24C04. The master then terminates the transfer 
by generating a STOP condition. 

Multibyte Write. For the Multibyte mode the 
MODE signal must be at V1H. The Multibyte Write 
mode can be started from any address in the 

memory. The master sends from one up to 4 bytes 
of data, which are each acknowledged by the 
ST24C04. The transfer is terminated by the master 
generating a STOP condition. 

Page Write. For the Page mode the MODE signal 
must be at V1L. The Page Write mode allows up to 
8 bytes to be written in a single write cycle, provided 
that they are all located in the same 'row' in the 
memory: that is the 5 most significant memory 
address bits (A8-A4) are the same. The master 
sends from 1-8 bytes of data, which are each 
acknowledged by the ST24C04. After each byte is 
transfered, the internal byte address counter (3 
least significant bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad­
dress counter 'roll-over' which could result in data 
being overwritten. 

For any write mode the generation by the master 
of the STOP condition starts the internal memory 
program cycle. All inputs are disabled until the 
completion of this cycle and the ST24C04 will not 
respond to any request. The duration of this cycle 
is tw = 10ms maximum except when, in the Multi­
byte Write mode, bytes are accessed that are on 
different rows (that is have different values for the 
5 most significant address bits), when the program­
ing time is doubled to a maximum of 20ms. 

Read Operation 

Read operations are independent of the state of the 
MODE signal. 

Current Address Read. The ST24C04 has an 
internal byte address counter. Each time a byte is 
read, this counter is incremented. For the Current 
Address Read mode, following a START conditiO!!z. 
the master sends a memory address with the RW 
bit set to '1 ·.The ST24C04 acknowledges this and 
immediately outputs the byte addressed by the 
internal byte address counter. This counter is then 
incremented. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 

Random Address Read. A dummy write is per­
formed to load the byte address into the memory. 
This is followed by another START condition from 
the master and the byte address repeated with the 
RW bit set to '1 '. The ST24C04 acknowledges this 
and immediately outputs the byte addressed. The 
master does NOT acknowledge the byte output, 
but terminates the transfer with a STOP condition. 

::::a,..:.:1o:__ ___________ ~iii ~L't&gm~~~li -------------
388 



ST24C04 

Figure 8. Write Modes Sequence 

BYTE 
WRITE 

MULTIBYTE 
AND 

START RW STOP 

ACK ACK ACK 

PAGE WRITE 
n ,....,.I :..,.....D:Ev.,.....,i ~...,..~L...-.: I~ I :s!~<AP~R: Ill :~At~ I~>: II ,....,.I :D-r-~..-~A:,....,.I0 :~:~ 
START RW 

ACK ACK 

~:111 r~Tt:~~ :N: 11. n 
STOP VA00793 

Figure 9. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

NO 
ACK ACK 

0 ,.....I :-.-~E-.-Y ) ...... s~L"T": -r-1111 11 : D~ h ~u! : 11 LD 
START RW STOP 

ACK ACK ACK ACK 

0 ,....,.1 ;..,..qE.,....,Y ;s...,..~L.,...,; 11 __ 11 :sr~E >:D9R; 11 0 I : QEy :s~< 11111 ; D;A tA: 9u:< 11 LD 
START RW START RW STOP 

NO 
ACK ACK ACK ACK 

0 ...... I :-r-~E-.-Y ...... ~~-.-< .,....,111 11 HT~ ;o~~ j II c~:~~ ~~:~J II 9~Ti P~T: 01 1 LD 
START RW STOP 

START RW START RW 

NO 
ACK ACK 

:~:~J II 9~T+ P~T: ~ II LD 
STOP VA00794 
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DEVICE OPERATION (cont'd) 

Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad­
dress Read. However in this case the master 
DOES acknowledge the data byte output and the 
ST24C04 continues to output the next byte in se­
quence. To terminate the stream of bytes the mas­
ter must NOT acknowledge the last byte output, but 
must generate a STOP sequence. The output data 
is from consecutive byte addresses, with the inter­
nal byte address counter automatically incre-

ORDERING INFORMATION 

mented after each byte output. After a count of 512 
the address counter will 'roll-over' and the memory 
will continue to output data. 

Acknowledge in Read Mode. In all read modes 
the ST24C04 waits for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the ST24C04 terminates the 
data transfer and switches to a receiver state. The 
STOP condition is used only in the WRITE modes 
to initiate the write cycle and is ignored in the READ 
modes. 

Example: ST24C04 ML 1 013TR 

Temperature Range 

1 0 to 70 oc 
3 -40 to 125 oc 
6 -40 to 85 oc 

Parts are shipped with the memory content set at all "1 's" (OFFh). 

For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you . 

.!:10~/~10:...._ __________ ~ ~~tm2m~~~©~ -------------
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SERIAL ACCESS CMOS 8K (4 by 256 x 8) EEPROM 

• 1,000,000 ERASE/WRITE CYCLES MINIMUM, 
WITH OVER 10 YEARS DATA RETENTION 

• SINGLE 3V TO 5.5V POWER SUPPLY 
• USER DEFINED WRITE PROTECT AREA 

• TWO WIRE SERIAL INTERFACE, FULLY 12C 
BUS COMPATIBLE 

• BYTE AND MULTIBYTE WRITE (UP TO 8 
BYTES) 

• PAGE WRITE (UP TO 16 BYTES) 

• BYTE, RANDOM AND SEQUENTIAL READ 
MODES 

• SELF TIMED PROGRAMING CYCLE 
• AUTOMATIC ADDRESS INCREMENTING 

• GUARANTED 4kV ESD PROTECTION, USING 
HUMAN BODY MODEL 

DESCRIPTION 

The ST24C08 is an 8K bit electrically erasable 
programmable memory (EEPROM), organised as 
4 blocks of 256 x 8 bits. It is manufactured in SGS­
THOMSON's Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of 
more than one million erase/write cycles with a data 
retention of over 1 0 years. Both Plastic Dual-in-Line 
and Plastic Small Outline packages are available. 

The memory is compatible with the 12C standard, 
two wire, serial interface which uses a bi-directional 
data bus and serial clock. The ST24C08 carries a 
built-in 4 bit, unique device identification code 
corresponding to the 12C bus definition. This is used 
together with a chip enable input to form a 5 bit 
memory select signal. In this way up to 2 

Table 1. Signal Names 

PRE Write Protect Enable 

E Chip Enable Input 

SDA Serial Data Address Input Output 

SCL Serial Clock 

MODE Write Mode 

Vee Supply Voltage 

Vss Ground 

May 1992 

PSDIPB (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

I 
E-

PRE -
ST24eOS 

SeL-

MODE-

1 
Vss 

f----- SDA 

VA00860 
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Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto 70 
grade 3 -40to 125 oc 
grade 6 -40 to 85 

TsrG Storage Temperature --£5to 150 oc 

TLEAO Lead Temperature, Soldering (PSDIPB package) 10 sec 260 oc 

V1o Input or Output Voltages -0.3to 6.5 v 

Vee Supply Voltage -0.3to 6.5 v 

VESD 
Electrostatic Discharge Voltage (Human Body model) 4000 v 
Electrostatic Discharge Voltage (Machine model) 1000 v 

Note: Except for the ratmg "Operating Temperature Range'", stresses above those listed m the Table ""Absolute Max1mum Rat1ngs"' may cause 
permanent damage to the dev1ce. These are stress ralings only and operation of the device at these or any other conditions above those 
indicated in the Operating secllons of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect devJce reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

Figure 2. DIP Pin Connections 

ST24e08 

PRE[ll8 Vee 
Ne 2 7 MODE 

E 3 6 SeL 
Vss 4 5 SDA 

VA00861 

DESCRIPTION (cont'd) 

ST24C08's may be attached to the 12C bus and 
selected individually. 

The ST24C08 behaves as a slave device in the 12C 
protocol with all memory operations synchronised 
by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 5 device select bits, 2 block select bits, 
plus one read/write bit and terminated by an ac­
knowledge bit. When writing data to the memory it 
responds to the 8 bits received by asserting an 
acknowledge bit during the 9th bit time. When data 
is read by the bus master, it acknowledges the 
receipt of the data bytes in the same way. Data 
transfers are terminated with a STOP condition. 

Data in the upper block of the memory may be write 
protected. The protected area is programmable to 

start on any 16 byte boundary. Protection is en­
abled by setting a memory bit flag and the PRE 
signal input. 

OPERATING MODES 

There are both Read and Write modes. Each is 
entered by the correct sequence of serial bits sent 
to the device on the SDA bus line. For some Write 
modes the status of the MODE input is also used 
to set the operating mode. For the Protect mode 
the status of the PRE input determines whether 
protection is enabled or disabled. 

The 8 bits sent after a START condition are made 
up of a device select of 4 bits that identify the device 
type, a chip enable bit, 2 block select bits and one 
bit for a READ (RW = 1) or WRITE (RW = 0) 
operation. 

There are three modes both for read and write. 
These are summarised in Table 4 and described 
below. 

Byte Y\[rite. In this mode a device select is sent with 
the RW bit at '0', followed by the address of the 
byte. This is followed by the 8 bit data to be written 
during the programing cycle. 

Multibyte Write and Page Write. In these modes 
up to 8 or up to 16 bytes respectively may be written 
in one programing cycle. Multibyte Write mode is 
activated when the MODE pin is at V1H level and 
Page Write when MODE is at V1L- A device select 
is sent with the RW bit at '0', followed by the 
address of the first byte. This is followed by the data 
bytes to write. The bytes are written in the program­
ing cycle. All 8 bytes in the Page Write mode must 
have the same five upper address bits. 

=2'.:..:10::...._ ___________ /:.V ~~m~~~~ ____________ _ 
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OPERATING MODES (cont'd) 

Current Address Read. In this mode the device 
select is sent with the RW bit at '1 '.The address of 
the previous byte accessed is automatically incre­
mented and the new byte read. 

Random Address Read. This mode allows ran­
dom access to the memory. A device select is sent 
with the RW bit at '0' (write), followed by the byte 
address. Then a new START condition is forced 
with the same device select is sent with the RW bit 
at '1' (read) and the byte is read. 

Sequential Read. This mode starts with either a 
Current Address or Random Address read se­
quence, it reads consecutive bytes as long as the 
bus master acknowledges each one without gen­
erating a STOP condition. 

Write Protect. Data in the upper 256 byte block of 
the memory may be write protected. The protection 
starts at any 16 byte boundary. The address at 
which protection starts is defined by the contents 
of the upper 4 bits (b7- b4) of the top memory 
location (block 3, byte address 3FFh). Bit 3 of this 
memory location is always '0' and bit 2 is used as 
a flag to indicate that the protection is enabled (b2 
= '0') or disabled (b2 = '1'). The lower two bits, b1 
& bO, are not used. The sequence to follow to use 
the memory protect feature is as follows: write the 
memory contents to be protected into the top of the 

Table 3. Device Select Code 

Device Code 

Bit b7 I b6 I b5 

Device Select 1 I 0 I 1 

Note: The MSB b7 is sent first. 

Table 4. Operating Modes 

Mode RWbit MODE 

Current Address Read '1' X 

Random Address Read 
·o· X 

'1' X 

Sequential Read '1' X 

Byte Write ·o· V1H or V1L 

Multibyte Write ·o· VIH 

Page Write '0' VIL 

Note: X= v,H or VIL 

I 
I 

ST24C08 

upper block of the memory, up to location 3FEh. 
Then establish the memory protect area and set 
the protection by writing the correct contents into 
location 3FFh. The area will now be protected when 
the PRE signal is active (High). 

Caution: Special attention must be used when 
using the protect mode together with the Multi byte 
Write mode (MODE input High). If the Multibyte 
write of up to 8 bytes starts at the location just 
before the protected area then it is able to write over 
the first 7 bytes in the protected area. The true area 
protected is therefore smaller and equal to the 
content of defined in the location 3FFh plus 7 bytes. 
This does not apply to the Page write mode as the 
address counter rolls over and thus cannot go 
above the 16 byte lower boundary of the protected 
area. 

SIGNAL DESCRIPTIONS 

Serial Clock (SCL). The SCL input is used to 
synchronise all Data In and Data Out of the mem­
ory. A resistor must be connected from the SCL line 
to Vee to act as a pull up. 

Serial Data (SDA). The SDA signal is bi-directional 
and used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 
with other open drain or open collector signals on 
the bus. A resistor must be connected from the SDA 
bus line to Vee to act as pull up. 

Chip Enable Block -
Select RW 

b4 b3 I b2 b1 bO 

0 E I A9 AS RW 

Bytes Initial Sequence 

1 START, Device Select, RW = '1' 

START, Dev1ce Select, RW = '0', Address 

1 reSTART, Device Select, RW = '1' 

1 to 1024 As CURRENT or RANDOM Mode 

1 START, Device Select, RW = '0' 

8 START, Device Select, RW = '0' 

16 START, Device Select, RW = '0' 

------------- i.V ~itmgm~O!~li ____________ 3:::.'=10 
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Figure 3. Memory Protection Figure 4. Typical Interface 

Protect Location 

8 byte Protect Flag 
boundary Enable = 0 
address , Disable = 1 vee 

:b7 b3:b2 ------ I 
1FFh _ .. _ .. _ .. _ .. _!_!~ .. ~ Vee 

MODE 
- SDA 

V PRE 
cc 0 ST24C08 

Vss E SCL -Blk 1 

100h I 

Vss 
VA00862 

Blk 0 

VAOOB55 

Figure 5. 12C Bus Protocol 

SCL ---~ 

SDA 

~ 

START 
CONDITION 

SDA SDA 
INPUT CHANGE 

I 

STOP 
CONDITION 

SCL ~--~--

SDA ~~~--
-----;.-START CONDITION 

SCL --~--

SOA ~= 
STOP CONDITION 

VA00792 

4/10 ~ SGS·THOMSON --'-'--------------- .. ...,1 li.j]jrul@~~~~liB@Ii~©~ ----------------

394 



ST24C08 

AC MEASUREMENT CONDITIONS Figure 6. AC Testing Input Output Waveforms 

Input Rise and Fall Times :> SOns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 

Table 7. Capacitance <1l (TA = 25 oc, f =100kHz) 

Symbol Parameter 

C1N Input Capacitance (SDA) 

C1N Input Capacitance (Other) 

Note: 1. Sampled only not 100% tesled 

Figure 7. AC Waveforms 

SCL 

SDA IN 

~ 
' START • SDA SDA 
CONDITION INPUT CHANGE: 

SCL 

SDA OUT 

' ' 
~DATA OUTPUT-! 

SCL 

tW 

SDA IN 

o.evcc ~ o.?Vcc 

~0.3Vcc o.zvcc 

Min Max 

8 

6 

STOP & 
BUS FRE:E 

VA00825 

Unit 

pF 

pF 

STOP : 
CONDITION 

WRITE CYCLE -----1----­
: START 
CONDITION 

VA00795 

--------------------------- ~~~~@~~~9~------------------------5~/~10 
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Table 5. DC Characteristics 
(TA = 0 to 70 °C, -40 to 85 °C or -40 to 125 °C; Vee = 3V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current ov,;;viN,;;Vcc ±2 W\ 
ILo Output Leakage Current OV,;; VouT ~Vee ±2 I!A 

Icc Supply Current f =100kHz 2 rnA 

lcc1 Supply Current (Standby) V1N = OV or Vee 100 W\ 
V1L Input Low Voltage (SCL & SDA) -Q.3 0.3 Vee v 

V1H Input High Voltage (SCL & SDA) 0.7 Vee Vee+ 1 v 

V1L Input Low Voltage (E, PRE, MODE) -Q.3 0.5 v 

V1H Input High Voltage (E, PRE, MODE) Vcc-D.5 Vee+ 1 v 

VoL Output Low Voltage loL= 3mA 0.4 v 

Table 6. AC Characteristics 
(TA = 0 to 70 °C, -40 to 85 °C or-40 to 125 °C; Vee =3Vto 5.5V) 

Symbol All Parameter Min Max Unit 

lCH1CH2 IR Clock Rise lime 1 J.lS 

lCL1CL2 IF Clock Fall Time 300 ns 

IDH1DH2 lR Input Rise Time 1 J.lS 

lDL1DL1 IF Input Fall lime 300 ns 

lcHDX (l) tsu STA Clock High to Input Transition 4.7 J.lS 

lCHCL !HIGH Clock Pulse Width High 4 J.lS 

toLCL tHDSTA Input Low to Clock Low (START) 4 J.lS 

tcLDX tHo OAT Clock Low to Input Transition 0 J.lS 

lcLCH tLOw Clock Pulse Width Low 4.7 J.lS 

toxcx tsu OAT Input Transition to Clock Transition 250 ns 

tcHOH lsusTo Clock High to Input High (STOP) 4.7 J.lS 

loHOL teuF Input High to Input Low (Bus Free) 4.7 J.lS 

lCLQV IAA Clock Low to Output Valid 0.3 3.5 J.lS 

lCLQX toH Clock High to Output Transition 300 ns 

fc fscL Clock Frequency 100 kHz 

lLPF T1 
Input Low Pass 1st Order Filter lime 

100 ns Constant (SCL & SDA Inputs) 

tw(2) lwR Write lime 10 ms 

Notes: 1. For a re START condition, or following a write cycle. 
2. In the Multi byte Write mode only, if accessed bytes are on two consecutive rows (upper 5 MSB must not change) the maximum 

programming t1me IS doubled to 20ms . 

.::;.6,-=-10=-------------- l..V ~~m~~~~~ ____________ _ 
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Table 8. Endurance and Data Retention 

Endurance The ability of the EEPROM to withstand Erase/Write cycles without failure. 

Failure A failure after cycling is defined as any bit that cannot be written or loses its data after a 
subsequent retention bake of 2 years equivalent at 55 °C. 

Guarantee With 60% confidence, more than 99.9% of units can be cycled over 1 ,000,000 times. 

SIGNAL DESCRIPTION (cont'd) 

Chip Enable (E). This chip enable input is used to 
set the least significant bit of the 5 bit device select 
code. It may be driven dynamically or tied to Vee 
or Vss to establish the device select code. Note that 
the V1L and V1H levels for the inputs are CMOS, not 
TTL, compatible. 

Mode (MODE). This signal may be driven dynam­
ically. It must be at V1L or V1H for the Byte Write 
mode, V1H for Multibyte Write mode or V1L for Page 
Write mode. Note that the voltages are CMOS 
levels, not TTL, compatible. 

Protect Enable (PRE). This signal may be driven 
dynamically. It must be at V1L or V1H for the Byte 
Write mode, V1H for Multibyte Write mode or V1L for 
Page Write mode. Note that the voltages are 
CMOS levels, not TTL, compatible. 

DEVICE OPERATION 

The ST24C08 supports the 12C protocol. This pro­
tocol defines any device that sends data onto the 
bus as a transmitter and any device that reads the 
data as a receiver. The device that controls the data 
transfer is known as the master and the other as 
the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn­
chronisation. The ST24C08 is always a slave de­
vice is all communications. 

Communications Protocol 

Data Transition or Change. Data changes on the 
SDA line must only occur when the SCL clock is 
low. SDA transitions while the clock is high are used 
to identify START or STOP conditions. 

Start Condition. START is identified by a high to 
low transition of the data bus SDA signal while the 
clock SCL is stable in the high state. A START 
condition must precede any command for data 
transfer. Except during a programming cycle, the 
ST24C08 continuously monitors the SDA and SCL 
signals for a START condition and will not respond 
unless one is given. 

Stop Condition. STOP is identified by a low to high 
transition of the data bus SDAsignal while the clock 

SCL is stable in the high state. A STOP condition 
terminates communication between the ST24C08 
and the bus master and forces the device into the 
standby power state. 

Acknowledge Bit. An acknowledge signal is used 
to indicate a successfull data transfer. The bus 
transmitter, either master or slave, will release the 
SDA bus after sending 8 bits of data. During the 9th 
clock pulse the receiver pulls the SDA bus low to 
acknowledge the receipt of the 8 bits of data. 

Data Input. During data input the ST24C08 sam­
ples the SDA bus signal on the rising edge of the 
clock SCL. For correct device operation the SDA 
signal must be stable during the clock low to high 
transition and the data must change ONLY when 
the SCL line is low. 

Memory Addressing 

To start communication between the master and 
the slave ST24C08, the master must initiate a 
START condition. Following this the master sends 
onto the SDA bus line 8 bits (MSB first) correspond­
ing to the device select code, block select bits and 
a READ or WRITE instruction. 

The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
12C bus definition. For the ST24C08 these are fixed 
as 101 Db (OAh). 

The following bit identifies the specific ST24C08 on 
the bus. It is matched to the chip enable signal E. 
Thus up to 2 ST24C08's can be connected on the 
same bus giving a memory capacity total of 16k 
bits. After a START condition all ST24C08's on the 
bus will identify the device code and compare the 
following bit to the chip enable inputs E. If a match 
is found the corresponding ST24C08 will acknowl­
edge the identification on the SDA bus during the 
9th bit time. 

The 6th and 7th bits sent select one of the four 
blocks of 256 bytes of the memory, effectively 
acting as memory addresses A9 and AS (A? - AO 
byte addresses are sent later). 

The 8th bit sent is the read or write bit (RW), this 
bit is set to '1' for read and '0' for write operations. 

-------------- Fii ~ii©n&~:~~/1------------:..:.71_:_::_1 0 
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DEVICE OPERATION (cont'd) 

Write Operation 
The Multibyte Write mode is available when the 
MODE signal is at VJH and the Page Write mode 
when this signal is at VJL. The MODE signal may 
be driven dynamically with CMOS input levels. The 
Byte Write mode is independant of the state of the 
MODE signal and the pin could be left floating if 
only this mode was to be used. However it is 
recommended thatthe signal is connected to either 
VJH or VJL. 

Following a START condition_!he master sends a 
device select code with the RW bit reset to '0'. The 
ST24C08 acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac­
cess to any of the 256 bytes in the selected block 
of the memory. After receipt of the byte address the 
ST24C08 again responds with an acknowledge. 

Byte Write. In the Byte Write mode the master 
sends one data byte, this is acknowledged by the 
ST24C08. The master then terminates the transfer 
by generating a STOP condition. 

Multibyte Write. For the Multibyte mode the 
MODE signal must be at VJH. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 8 bytes 
of data, which are each acknowledged by the 
ST24C08. The transfer is terminated by the master 
generating a STOP condition. 

Page Write. For the Page mode the MODE signal 
must be at VJL. The Page Write mode allows up to 
16 bytes to be written in a single write cycle, 
provided that they are all located in the same 'row' 
in the memory: that is the 5 most significant mem­
ory address bits (A9-A5) are the same. The master 
sends from 1-16 bytes of data, which are each 
acknowledged by the ST24C08. After each byte is 
transfered, the internal byte address counter (4 
least significant bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad­
dress counter 'roll-over' which could result in data 
being overwritten. 

For any write mode the generation by the master 
of the STOP condition starts the internal memory 
program cycle. All inputs are disabled until the 
completion of this cycle and the ST24C08 will not 
respond to any request. The duration of this cycle 
is tw = 1 Oms maximum except when, in the Multi­
byte Write mode, bytes are accessed that are on 
different rows (that is have different values for the 
5 most significant address bits), when the program­
ing time is doubled to a maximum of 20ms. 

Read Operation 
Read operations are independent of the state of the 
MODE signal. 

Current Address Read. The ST24C08 has an 
internal byte address counter. Each time a byte is 
read, this counter is incremented. For the Current 
Address Read mode, following a START conditio.!!.. 
the master sends a memory address with the RW 
bit set to '1 •. The ST24C08 acknowledges this and 
immediately outputs the byte addressed by the 
internal byte address counter. This counter is then 
incremented. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 

Random Address Read. A dummy write is per­
formed to load the byte address into the memory. 
This is followed by another START condition· from 
the master and the byte address repeated with the 
RW bit set to '1 ·.The ST24C08 acknowledges this 
and immediately outputs the byte addressed. The 
master does NOT acknowledge the byte output, 
but terminates the transfer with a STOP condition. 

Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad­
dress Read. However in this case the master 
DOES acknowledge the data byte output and the 
ST24C08 continues to output the next byte in se­
quence. To terminate the stream of bytes the mas­
ter must NOT acknowledge the last byte output, but 
must generate a STOP sequence. The output data 
is from consecutive byte addresses, with the inter­
nal byte address counter automatically incre­
mented after each byte output. After a count of 
1 024 the address counter will 'roll-over' and the 
memory will continue to output data. 

Acknowledge in Read Mode. In all read modes 
the ST24C08 waits for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the ST24C08 terminates the 
data transfer and switches to a receiver state. The 
STOP condition is used only in the WRITE modes 
to initiate the write cycle and is ignored in the READ 
modes. 

:::!8,..!.10~----------- ~ ~itm•'~'~-------------
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Figure 8. Write Modes Sequence 

BYTE 
WRITE 

MULTIBYTE 
AND 

ACK ACK ACK n ..... 1 :-r-o:Ev"T"""'r; ~-,-~L.,...,: II I II :srT:E >pqR: Ill : P+ Tt :~~ : II I n 
START RW STOP 

ACK ACK ACK 

PAGE WRITE 
n 1 ........ :-.-o:EvT""T; ~...,..~L-r-'1: IIIII :sr~<ApqR: Ill :~At~~~;,: llr-rl :o...,..t.,...1A:,....,.I0:~:~ 
START RW 

ACK ACK 

~:JII PiT~:~~ :N: II I n 
STOP VA00793 

Figure 9. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

NO 
ACK ACK 

0 rrl :...,..qE.,...Y :,....,.s~L-.-: ,..-,11111 :Dth ~u!: 11 LD 
START RW STOP 

ACK ACK ACK ACK 

0 ,....,.1 ;-.-qE.....,y;s...,..~L-r-.; 1 1~11 :sr~<A:D9R: 110 I :~Ey;s~< 11111 :D:AtA:9u:< IILO 
START RW START RW STOP 

NO 
ACK ACK ACK ACK 

0 r-rl : ....... qE-r-Y :r-Ts~L ...... : .,...,IIIII hT~ :o~~ j II c~:~~ ~~:~J 1 19~Tf P~T: ~ 1 1 LD 
START RW STOP 

START RW START RW 

NO 
ACK ACK 

:~:~J 11 9~Tf :o~T; 0 11 LD 
STOP VA00794 
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ORDERING INFORMATION 

Example: ST24C08 B 1 

~ 
I Temperature Range I 

B 1 0 to 70 oc 
3 --40 to 125 oc 
6 --40 to 85 oc 

Parts are shipped with the memory content set at all "1 's" (OFFh). 

For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

-'..:10::..:11..::_0 __________ ID'I SCiS·niOMSON 
'" ~~~l(;ffil@~~rn©Voo©i!l~©® --------------
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SERIAL ACCESS CMOS 16K (8 by 256 x 8) EEPROM 

• 100,000 ERASE/WRITE CYCLES MINIMUM, 
WITH OVER 10 YEARS DATA RETENTION 

• SINGLE 4.5V TO 5.5V POWER SUPPLY 

• USER DEFINED WRITE PROTECT AREA 

• TWO WIRE SERIAL INTERFACE, FULLY 12C 
BUS COMPATIBLE 

• BYTE AND MULTIBYTE WRITE (UP TO 8 
BYTES) 

• PAGE WRITE (UP TO 16 BYTES) 

• BYTE, RANDOM AND SEQUENTIAL READ 
MODES 

• SELF TIMED PROGRAMING CYCLE 

• AUTOMATIC ADDRESS INCREMENTING 

• GUARANTED 4kV ESD PROTECTION, USING 
HUMAN BODY MODEL 

DESCRIPTION 

The ST24C16C is a 16K bit electrically erasable 
programmable memory (EEPROM), organised as 
8 blocks of 256 x 8 bits. It is manufactured in SGS­
THOMSON's Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of 
more than one hundred thousand erase/write cy­
cles with a data retention of over 1 0 years. Both 
Plastic Dual-in-Line and Plastic Small Outline pack­
ages are available. 

The memory is compatible with the 12C standard, 
two wire, serial interface which uses a bi-directional 
data bus and serial clock. The ST24C16C carries 
a built-in 4 bit, unique device identification code 
corresponding to the 12C bus definition. 

Table 1. Signal Names 

PRE Write Protect Enable 

PBO- PB1 Protect Start Block Select 

SDA Serial Data Address Input Output 

SCL Senal Clock 

MODE Write Mode 

Vee Supply Voltage 

Vss Ground 

May 1992 

PSDIP8 (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

I 
2 

PBO-PB1 ::::;i::-:) 

14Q, 

1 

PS014 (ML) 

-SDA 

PRE- ST24e16C 

SCL-

MODE-

I 
Vss 

VA00866 
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Figure 2A. DIP Pin Connections 

ST24e16C 

PRE[]S Vee 
PBO 2 7 MODE 

PB1 3 6 SeL 
Vss 4 5 SDA 

VA00867 

Table 2. Absolute Maximum Ratings 

Symbol Parameter 

TA Ambient Operating Temperature 

TsTG Storage Temperature 

Figure 28. SO Pin Connections 

ST24e16e 

Ne 
PRE 
PBO 

Ne 
PB1 

Vss 
Ne 

VAOOB6B 

Ne 
Vee 
MODE 
Ne 
SeL 
SDA 
Ne 

Warning: NC =No Connection 

Value 

grade 1 o to 70 
grade 3 -40 to 125 
grade 6 -40 to 85 

-65 to 150 

Unit 

oc 

oc 

TLEAD Lead Temperature, Soldenng (PS014 package) 40 sec 215 oc 
(PSDIPB package) 10 sec 260 

v,o Input or Output Voltages -0.3 to 6.5 v 
Vee Supply Voltage -0.3 to 6.5 \ v 

I 

VESD 
Electrostatic Discharge Voltage (Human Body model) 4000 ) v 
Electrostatic Discharge Voltage (Machine model) 1000 v 

Note: Except for the rating "Operatmg Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress rat1ngs only and operation of the device at these or any other conditions above those 
md1cated 1n the Operating sect1ons of th1s spec1f1cat1on IS not Implied. Exposure to Absolute Max1mum Rating conditions for extended penods 
may affect dev1ce reliability Refer also to the SGS·THOMSON SURE Program and other relevant quality documents. 

DESCRIPTION (cont'd) 

The ST24C16C behaves as a slave device in the 
12C protocol with all memory operations syn· 
chronised by the serial clock. 

Read and write operations are initiated by a START 
condition generated by the bus master. The START 
condition is followed by a stream of 4 device select 
bits, 3 block select bits, plus one read/write bit and 
terminated by an acknowledge bit. When writing 
data to the memory it responds to the 8 bits re-

ceived by asserting an acknowledge bit during the 
9th bit time. When data is read by the bus master, 
it acknowledges the receipt of the data bytes in the 
same way. Data transfers are terminated with a 
STOP condition. 

Data in the upper 4 blocks of the memory may be 
write protected. The protected area is programma­
ble to start on any 16 byte boundary. The block in 
which the protection starts is selected by the inputs 
PBO-PB1. Protection is enabled by setting a mem­
ory bit flag and the PRE signal input. 

=2/~1~0 _________________________ ~ ~i~©~~~~~9~ -----------------------------
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OPERATING MODES 

There are both Read and Write modes. Each is 
entered by the correct sequence of serial bits sent 
to the device on the SDA bus line. For some Write 
modes the status of the MODE input is also used 
to set the operating mode. For the Protect mode 
the status of the PRE input determines whether 
protection is enabled or disabled. 

The 8 bits sent after a START condition are made 
up of a device select of 4 bits that identify the devi~ 
type, 3 block selecJ.Pits and one bit for a READ (RW 
= 1) or WRITE (RW = 0) operation. 

There are three modes both for read and write. 
These are summarised in Table 4 and described 
below. 

Byte Write. In this mode a device select is sent with 
the RW bit at '0', followed by the address of the 
byte. This is followed by the 8 bit data to be written 
during the programing cycle. 

Multibyte Write and Page Write. In these modes 
up to 8 or up to 16 bytes respectively may be written 
in one programing cycle. Multibyte Write mode is 
activated when the MODE pin is at V1H level and 
Page Write when MODE is at VJL. A device select 
is sent with the RW bit at '0', followed by the 
address of the first byte. This is followed by the data 
bytes to write. The bytes are written in the program­
ing cycle. All 8 bytes in the Page Writemode must 
have the same five upper address bits. 

Table 3. Device Select Code 

Device Code 

Bit b7 1 b6 1 b5 

Device Select 1 1 0 I 1 

Note: The MSB b? IS sent first. 

Table 4. Operating Modes 

Mode RWbil MODE 

Current Address Read '1' X 

Random Address Read 
'0' X 

'1' X 

Sequential Read '1' X 

Byte Write '0' V1H or V1L 

Multibyte Write '0' v,H 

Page Write '0' v,L 

Note: X = V1H or V1L. 

1 
I 

ST24C16C 

Current Address Read. In this mode the device 
select is sent with the RW bit at '1 '. The address of 
the previous byte accessed is automatically incre­
mented and the new byte read. 

Random Address Read. This mode allows ran­
dom access to the memory. A device select is sent 
with the RW bit at '0' (write), followed by the byte 
address. Then a new START condition is forced 
with the same device select is sent with the RW bit 
at '1' (read) and the byte is read. 

Sequential Read. This mode starts with either a 
Current Address or Random Address read se­
quence, it reads consecutive bytes as long as the 
bus master acknowledges each one without gen­
erating a STOP condition. 

Write Protect. Data in the upper 4 x 256 byte 
blocks of the memory may be write protected. The 
protection starts at any 16 byte boundary. The block 
containing the address at which protection starts is 
defined by the PBO- PB1 inputs ('OOb' is block 4, 
'11 b' is block 7). The address within this block is the 
contents of the upper 4 bits (b7-b4) of the top 
memory location (block 7, byte address 7FFh). Bit 
3 of this memory location is always '0' and bit 2 is 
used as a flag to indicate that the protection is 
enabled (b2 = '0') or disabled (b2 = '1 ').The lower 
two bits, b1 & bO, are not used. The sequence to 
follow to use the memory protect feature is as 
follows: write the memory contents to be protected 

Block Select RW 

b4 b3 1 b2 I b1 bO 

0 A10 I A9 I AS RW 

Bytes Initial Sequence 
-

1 START, Device Select, RW = '1' 

START, Device Select, RW = '0', Address 
-

1 reSTART, Device Select, RW = '1' 

1 to 2048 As CURRENT or RANDOM Mode 

1 START, Device Select, RW = '0' 

B START, Device Select, RW = '0' 

16 START, Device Select, RW = '0' 

---------------------------~~~~@~~~~~~------------------------3=/~10 
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Figure 3. Memory Protection 
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Figure 5. 12C Bus Protocol 
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AC MEASUREMENT CONDITIONS Figure 6. AC Testing Input Output Waveforms 

Input Rise and Fall Times ~ 50ns 

Input Pulse Voltages 0.2Vcc to O.BVcc 

Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 

o.svcc 

o.2Vcc 

~0.7Vcc 

~0.3Vcc 

Table 7. Capacitance <1> (T A= 25 ac, f = 100 kHz ) 

Symbol Parameter 

CtN Input Capacitance (SDA) 

CtN Input Capacitance (Other) 

Note: 1. Sampled only not 1 00% tested 

Figure 7. AC Waveforms 
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!-DATA DUTPUT-i 

SCL 

SDA IN 

STOP : 
CONDITION 

WRITE CYCLE ---------;~:-S-TA_R_T_ 
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Unit 
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Table 5. DC Characteristics 
(T A= 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee = 4.5V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV ~VIN ~Vee ±10 J.!A 

ILO Output Leakage Current OV ~ VouT ~Vee ±10 J.!A 

Icc Supply Current f =100kHz 2 mA 

lee1 Supply Current (Standby) V1N = ov or Vee 100 J.tA 

v,L Input Low Voltage (SCL & SDA) -0.3 0.3 Vee v 

VIH Input High Voltage (SCL & SDA) 0.7 Vee Vee+ 1 v 

ViL 
Input Low Voltage -0.3 0.5 v (PBO - PB1, PRE & MODE) 

V1H Input High Voltage Vee -0.5 Vee+ 1 v (PBO - PB1, PRE & MODE) 

VoL Output Low Voltage loL= 3mA 0.4 v 

Table 6. AC Characteristics 
(TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee = 4.5V to 5.5V) 

Symbol Alt Parameter Min Max Unit 

ICH1CH2 IR Clock Rise Time 1 J.!S 

lcucL2 IF Clock Fall Time 300 ns 

loH10H2 IR Input Rise Time 1 J.!S 

lou ou IF Input Fall Time 300 ns 

ICHOX (j) lsu STA Clock High to Input Transition 4.7 J.1S 

lcHCL !HIGH Clock Pulse Width High 4 J.1S 

IDLCL IHD STA Input Low to Clock Low (START) 4 J.1S 

ICLDX IHD OAT Clock Low to Input Transition 0 J.1S 

ICLCH !LOW Clock Pulse Width Low 4.7 J.1S 

loxex !su OAT Input Transition to Clock Transition 250 ns 

lcHOH lsu sro Clock High to Input High (STOP) 4.7 J.1S 

loHOL !auF Input High to Input Low (Bus Free) 4.7 J.1S 

lcLOv IAA Clock Low to Output Valid 0.3 3.5 J.1S 

ICLQX loH Clock High to Output Transition 300 ns 

fc fscL Clock Frequency 100 kHz 

ILPF T, Input Low Pass 1st Order Filter Time 100 ns Constant (SCL & SDA Inputs) 

tw (2) lwR WnteTime 10 ms 

Notes: 1. For are START cond1t1on, or follow1ng a wnte cycle. 
2 In the Multibyte Write mode only, if accessed bytes are on two consecutive rows (upper 5 MSB must not change) the maximum 

programming time is doubled to 20ms. 

::::61__:_1.:..0 ____________ ~ ~~~~m2m~~q~~ _____________ _ 
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Table 8. Endurance and Data Retention 

Endurance The ability of the EEPROM to withstand Erase/Write cycles without failure. 

Failure A failure after cycling is defined as any bit that cannot be written or loses its data after a 
subsequent retention bake of 2 years equivalent at 55 °C. 

Guarantee With 60% confidence, more than 99.9% of units can be cycled over 1 ,000,000 times. 

OPERATING MODE (cont'd) 

into the top of the upper blocks of the memory, up 
to location 7FEh. Then establish the memory pro­
tect area by hardwiring PBO & PB1 and set the 
protection by writing the correct contents into loca­
tion 7FFh. The area will now be protected when the 
PRE signal is active (High). 

Caution: Special attention must be used when 
using the protect mode together with the Multibyte 
Write mode (MODE input High). If the Multibyte 
write of up to 8 bytes starts at the location just 
before the protected area then it is able to write over 
the first 7 bytes in the protected area. The true area 
protected is therefore smaller and equal to the 
content of defined in the location 7FFh plus 7 bytes. 
This does not apply to the Page write mode as the 
address counter rolls over and thus cannot go 
above the 16 byte lower boundary of the protected 
area. 

SIGNAL DESCRIPTIONS 

Serial Clock (SCL). The SCL input is used to 
synchronise all Data In and Data Out of the mem­
ory. A resistor must be connected from the SCL line 
to Vee to act as a pull up. 

Serial Data (SDA). The SDAsignal is bi-directional 
and used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 
with other open drain or open collector signals on 
the bus. A resistor must be connected from the SDA 
bus line to Vee to act as pull up. 

Chip Enable (E). This chip enable input is used to 
set the least significant bit of the 5 bit device select 
code. It may be driven dynamically or tied to Vee 
or Vss to establish the device select code. Note that 
the V1L and V1H levels for the inputs are CMOS, not 
TTL, compatible. 

Mode (MODE). This signal may be driven dynam­
ically. It must be at V1L or V1H for the Byte Write 
mode, V1H for Multibyte Write mode or V1L for Page 
Write mode. Note that the voltages are CMOS 
levels, not TTL, compatible. 

Protect Enable (PRE). This signal may be driven 
dynamically. It must be at V1L or V1H for the Byte 

Write mode, V1H for Multibyte Write mode or V1L for 
Page Write mode. Note that the voltages are 
CMOS levels, not TTL, compatible. 

DEVICE OPERATION 

The ST24C16C supports the 12C protocol. This 
protocol defines any device that sends data onto 
the bus as a transmitter and any device that reads 
the data as a receiver. The device that controls the 
data transfer is known as the master and the other 
as the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn­
chronisation. The ST24C16C is always a slave 
device is all communications. 

Communications Protocol 

Data Transition or Change. Data changes on the 
SDA line must only occur when the SCL clock is 
low. SDA transitions while the clock is high are used 
to identify START or STOP conditions. 

Start Condition. START is identified by a high to 
low transition of the data bus SDA signal while the 
clock SCL is stable in the high state. A START 
condition must precede any command for data 
transfer. Except during a programming cycle, the 
ST24C16C continuously monitors the SDA and 
SCL signals for a START condition and will not 
respond unless one is given. 

Stop Condition. STOP is identified by a low to high 
transition of the data bus SDAsignal while the clock 
SCL is stable in the high state. A STOP condition 
terminates communication between the 
ST24C16C and the bus master and forces the 
device into the standby power state. 

Acknowledge Bit. An acknowledge signal is used 
to indicate a successful! data transfer. The bus 
transmitter, either master or slave, will release the 
SDA bus after sending 8 bits of data. During the 9th 
clock pulse the receiver pulls the SDA bus low to 
acknowledge the receipt of the 8 bits of data. 

Data Input. During data input the ST24C16C sam­
ples the SDA bus signal on the rising edge of the 
clock SCL. For correct device operation the SDA 
signal must be stable during the clock low to high 
transition and the data must change ONLY when 
the SCL line is low. 

_____________ ~ ~~~@m•:J?rrm ___________ __:.:.71=10 
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Memory Addressing 

To start communication between the master and 
the slave ST24C16C, the master must initiate a 
START condition. Following this the master sends 
onto the SDA bus line 8 bits (MSB first) correspond­
ing to the device select code, block select bits and 
a READ or WRITE instruction. 

The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
12C bus definition. For the ST24C16C these are 
fixed as 101 Ob (OAh). 

After a START condition the ST24C16C will ac­
knowledge on the SDA bus during the 9th bit time. 

The 5th, 6th and 7th bits sent select one of the 8 
blocks of 256 bytes of the memory, effectively 
acting as memoryaddressesA1 0- AS (A7- AO byte 
addresses are sent later). 

The 8th bit sent is the read or write bit (RW), this 
bit is set to '1' for read and '0' for write operations. 

Write Operation 

The Multibyte Write mode is available when the 
MODE signal is at V1H and the Page Write mode 
when this signal is at V1L. The MODE signal may 
be driven dynamically with CMOS input levels. The 
Byte Write mode is independant of the state of the 
MODE signal and the pin could be left floating if 
only this mode was to be used. However it is 
recommended that the signal is connected to either 
ViH' or ViL. 

Following a START condition_!he master sends a 
device select code with the RW bit reset to '0'. The 
ST24C16C acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac­
cess to any of the 256 bytes in the selected block 
of the memory. After receipt of the byte address the 
ST24C16C again responds with an acknowledge. 

Byte Write. In the Byte Write mode the master 
sends one data byte, this is acknowledged by the 
ST24C16C. The master then terminates the trans­
fer by generating a STOP condition. 

Multibyte Write. For the Multibyte mode the 
MODE signal must be at V1H. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 8 bytes 
of data, which are each acknowledged by the 
ST24C16C. The transfer is terminated by the mas­
ter generating a STOP condition. 

Page Write. For the Page mode the MODE signal 
must be at ViL· The Page Write mode allows up to 
16 bytes to be written in a single write cycle, 
provided that they are all located in the same 'row' 
in the memory: that is the 5 most significant mem­
ory address bits (A9-A5) are the same. The master 
sends from 1-16 bytes of data, which are each 
acknowledged by the ST24C16C. After each byte 
is transfered, the internal byte address counter (4 

least significant bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad­
dress counter 'roll-over' which could result in data 
being overwritten. 

For any write mode the generation by the master 
of the STOP condition starts the internal memory 
program cycle. All inputs are disabled until the 
completion of this cycle and the ST24C16C will not 
respond to any request. The duration of this cycle 
is tw = 1 Oms maximum except when, in the Multi­
byte Write mode, bytes are accessed that are on 
different rows (that is have different values for the 
5 most significant address bits), when the program­
ing time is doubled to a maximum of 20ms. 

Read Operation 

Read operations are independent of the state of the 
MODE signal. 

Current Address Read. The ST24C16C has an 
internal byte address counter. Each time a byte is 
read, this counter is incremented. For the Current 
Address Read mode, following a START conditio.!!,_ 
the master sends a memory address with the RW 
bit setto '1 '.The ST24C16C acknowledges this and 
immediately outputs the byte addressed by the 
internal byte address counter. This counter is then 
incremented. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 

Random Address Read. A dummy write is per­
formed to load the byte address into the memory. 
This is followed by another START condition from 
the master and the byte address repeated with the 
RW bit setto '1 '.The ST24C16C acknowledges this 
and immediately outputs the byte addressed. The 
master does NOT acknowledge the byte output, 
but terminates the transfer with a STOP condition. 

Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad­
dress Read. However in this case the master 
DOES acknowledge the data byte output and the 
ST24C16C continues to output the next byte in 
sequence. To terminate the stream of bytes the 
master must NOT acknowledge the last byte out­
put; but must generate a STOP sequence. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automati­
cally incremented after each byte output. After a 
count of 2048 the address counter will 'roll-over' 
and the memory will continue to output data. 

Acknowledge in Read Mode. In all read modes 
the ST24C16C waits for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the ST24C16C terminates 
the data transfer and switches to a receiver state. 
The STOP condition is used only in the WRITE 
modes to initiate the write cycle and is ignored in 
the READ modes. 

=8,..:.10=------------- i.V ~~m~,~~~~ ____________ _ 
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Figure 8. Write Modes Sequence 

BYTE 
WRITE 

START RW STOP 

MUL TIBYTE 
AND 
PAGE WRITE 

START RW 
ACK ACK 

~:JII P+Tf:l~ :N: 11. 0 
STOP VA00793 

Figure 9. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

NO 
ACK ACK 

01 r-T :..,..~E.,-,Y :,...s~L.-: T"""ll1lll :D~t< ~u!: 11 LD 
START RW STOP 

ACK ACK ACK ACK 

n r-TI :"""T""qE,.-,Y~"""T'"~L"T"""I: 11.11 :s7~<A:D9R: liD I :~Ey:s~< IIIII :D:AtA:9u:< IIL_O 
- -

START RW START RW STOP 

NO 
ACK ACK 

~~:~J 119~Tf PYT: 01 1 LD 
START RW STOP 

ACK ACK ACK ACK 

n r-TI :"""T""sE,.-,Y :s..,..~L"T"""I: II I II :s7T:<ApqR: II n I : ~EY :s~< 11111¢A:T~ PY< < II:~:~: 
- -

START RW START RW 

NO 
ACK ACK 

:~:~J 11 9A:T~ ;o~T: 0 11 UJ 
STOP VA00794 
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ORDERING INFORMATION 

Example: ST24C16C ML 1 013TR 

Temperature Range 

1 0 to 70 oc 013TR Tape & Reel 

3 -40 to 125 oc 
ML PS014 6 -40 to 85 oc 

Parts are shipped with the memory content set at all "1's" (OFFh). 

For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you . 

.:.10:::../.:..:10=------------~ ~~tm~,~~~-------------
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2.5V SERIAL ACCESS CMOS 1 K (128 x 8) EEPROM 

• 1,000,000 ERASE/WRITE CYCLES MINIMUM, 
WITH OVER 1 0 YEARS DATA RETENTION 

• SINGLE 2.5V TO 5.5V SUPPLY VOLTAGE 
• TWO WIRE SERIAL INTERFACE, FULLY 12C 

BUS COMPATIBLE 
• BYTE AND MULTIBYTE WRITE (UP TO 4 

BYTES) 
• PAGE WRITE (UP TO 8 BYTES) 
• BYTE, RANDOM AND SEQUENTIAL READ 

MODES 
• SELF TIMED PROGRAMING CYCLE 
• AUTOMATIC ADDRESS INCREMENTING 
• GUARANTED 4kV ESD PROTECTION, USING 

HUMAN BODY MODEL 

DESCRIPTION 

The ST25C01 is a 1 K bit electrically erasable pro­
grammable memory (EEPROM), organised as 128 
x 8 bits. It is manufactured in SGS-THOMSON's 
Hi-Endurance Advanced CMOS technology which 
guarantees an endurance of more than one million 
erase/write cycles with a data retention of over 10 
years. The ST25C01 operates down to a supply 
voltage of 2.5V. Both Plastic Dual- in-Line and 
Plastic Small Outline packages are available. 

The memory is compatible with the 12C standard, 
two wire, serial interface which uses a bi-directional 
data bus and serial clock. The ST25C01 carries a 
built-in 4 bit, unique device identification code cor­
responding to the 12C bus definition. This is used 
together with a 3 bit chip enable input to form a 7 
bit memory select signal. In this way up to 8 

Table 1. Signal Names 

EO- E2 Chip Enable Inputs 

SDA Serial Data Address Input Output 

SCL Serial Clock 

MODE Write Mode 

Vee - Supply Voltage 

Vss Ground 

May 1992 

PSDIPB (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

3 
EO-E2 

SeL 

MODE 

Vss 

8~ 
1 

PSOB (M) 

SDA 

VAOOB47 

1/9 
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Figure 2A. DIP Pin Connections 

ST25e01 

EOEJ8 Vee 
E1 2 7 MODE 
E2 3 6 SeL 

Vss 4 5 SDA 
VA00848 

Table 2. Absolute Maximum Ratings 

Symbol Parameter 

TA Ambient Operating Temperature 

TsTG Storage Temperature 

Figure 28. SO Pin Connections 

ST25e01 

EOEJ8 Vee 
E1 2 7 MODE 
E2 3 6 SeL 

Vss 4 5 SDA 
VA00848 

Value 

grade 1 0 to 70 
grade 3 -40 to 125 
grade 6 -40 to 85 

-65 to 150 

Unit 

oc 

oc 

TLEAD Lead Temperature, Soldering (PSOB package) 40 sec 215 oc 
(PSDIPB package) 10 sec 260 

Vlo Input or Output Voltages -0.3 to 6.5 v 

Vee Supply Voltage -0.3 to 6.5 v 

VESD 
Electrostatic Discharge Voltage (Human Body model) 4000 v 
Electrostatic Discharge Voltage (Machine model) 1000 v 

Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratmgs" may cause 
_permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated m the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect dev1ce reliability. Refer also to the SGS-THOMSON SURE Program and other relevant qual1ty documents. 

DESCRIPTION (cont'd) 

ST25C01 's may be attached to the 12C bus and 
selected individually. 

The ST25C01 behaves as a slave device in the 12C 
protocol with :=!.II memory operations synchronised 
by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 7 device select bits plus one read/write 
bit and terminated by an acknowledge bit. When 
writing data to the memory it responds to the 8 bits 
received by asserting an acknowledge bit during 
the 9th bit time. When data is read by the bus 
master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi­
nated with a STOP condition. 

OPERATING MODES 

There are both Read and Write modes. Each is 
entered by the correct sequence of serial bits sent 
to the device on the SDA bus line. For some Write 
modes the status of the MODE input is also used 
to set the operating mode. 

The 8 bits sent after a START condition are made 
up of 4 bits that identify the device tyQe, 3 chip 
enable bit§_ and one bit for a READ (RW = 1) or 
WRITE (RW = 0) operation. 

There are three modes both for read and write. 
These are summarised in Table 4 and described 
below. 

::::2,~9 _____________ ~ ~~~~mg~,~~~~ _____________ _ 
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OPERATING MODES (cont'd) 

Byte 'ff_rite. In this mode a device select is sent with 
the RW bit at '0', followed by the address of the 
byte. This is follwed by the 8 bit data to be written 
during the programing cycle. 

Multibyte Write and Page Write. In these modes 
up to 4 or up to 8 bytes respectively may be written 
in one programing cycle. Multibyte Write mode is 
activated when the MODE pin is at V1H level and 
Page Write when M_QDE is at V1L. A device select 
is sent with the RW bit at '0', followed by the 
address of the first byte. This is followed by the data 
bytes to write. The bytes are written in the program­
ing cycle. All 8 bytes written in the Page Write mode 
must have the same five upper address bits. 

Current Address Read. In this mode the device 
select is sent with the RW bit at '1 ·.The address of 
the previous byte accessed is automatically incre­
mented and the new byte read. 

Random Address Read. This mode allows ran­
dom acce~ to the memory. A device select is sent 
with the RW bit at '0' (write). followed by the byte 
address. Then a new START condition is forced 
with the same device select is sent with the RW bit 
at '1' (read) and the byte is read. 

Sequential Read. This mode starts with either a 
Current Address or Random Address read se-

Table 3. Device Select Code 

Device Code 

Bit b7 I b6 I b5 

Device Select 1 I 0 I 1 

Note: The MSB b7 is sent first. 

Table 4. Operating Modes 

Mode RWbit MODE 

Current Address Read '1' X 

Random Address Read 
'0' X 

'1' X 

Sequential Read '1' X 

Byte Write '0' VtHOr VtL 

Multiby1e Write '0' VtH 

Page Write '0' VtL 

Note: X= VrH or VIL. 

I 
I 

ST25C01 

quence, it reads consecutive bytes as long as the 
bus master acknowledges each one without gen­
erating a STOP condition. 

SIGNAL DESCRIPTIONS 

Serial Clock (SCL). The SCL input is used to 
synchronise all Data In and Data Out of the mem­
ory. A resistor must be connected from the SCL line 
to Vee to act as a pull up. 

Serial Data (SDA). The SDA signal is bi-directional 
and used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 
with other open drain or open collector signals on 
the bus. A resistor must be connected from the SDA 
bus line to Vee to act as pull up. 

Chip Enable (EO - E2). These chip enable inputs 
are used to set the 3 least significant bits of the 7 
bit device select code. They may be driven dynam­
ically or tied to Vee or Vss to establish the device 
select code. Note that the V1L and V1H levels for the 
inputs are CMOS, not TTL, compatible. 

Mode (MODE). This signal may be driven dynam­
ically. It must be at V1L or V1H for the Byte Write 
mode, V1H for Multibyte Write mode or V1L for Page 
Write mode. Note that the voltages are CMOS 
levels, not TTL, compatible. 

Chip Enable RW 

b4 b3 I b2 I b1 bO 

0 E2 I E1 I EO RW 

Bytes Initial Sequence 

1 START, Device Select, RW = '1' 

START, Device Select, RW = '0', Address 

1 reSTART, Device Select, RW = '1' 

1 to 128 As Current or Random Mode 

1 START, Device Select, RW = '0' 

4 START, Device Select, RW = '0' 
-

8 START, Device Select, RW = '0' 

---------------------------~~i~;~gm~a~------------------------~3~/9 
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DEVICE OPERATION 

The ST25C01 supports the 12C protocol. This pro­
tocol defines any device that sends data onto the 
bus as a transmitter and any device that reads the 
data as a receiver. The device that controls the data 
transfer is known as the master and the other as 
the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn­
chronisation. The ST25C01 is always a slave de­
vice is all communications. 

Communications Protocol 

Data Transition or Change. Data changes on the 
SDA line must only occur when the SCL clock is 
low. SDA transitions while the clock is high are used 
to identify START or STOP conditions. 

Start Condition. START is identified by a high to 
low transition of the data bus SDA signal while the 
clock SCL is stable in the high state. A START 
condition must precede any command for data 
transfer. Except during a programming cycle, the 
ST25C01 continuously monitors the SDA and SCL 
signals for a START condition and will not respond 
unless one is given. 

Figure 4. 12C Bus Protocol 

SCL 

SDA 

~ 
START 

CONDITION 

.. 
SDA SDA 

INPUT CHANGE 

Figure 3. Typical Interface 

Vee 

Vee 
MODE 

SDA 

Vee 
EO 

ST25COI 

Vss 
El 

E2 
SCL 

Vss 

Vss 
VA00850 

Stop Condition. STOP is identified by a low to high 
transition of the data bus SDA signal while the clock 
SCL is stable in the high state. A STOP condition 
terminates communication between the ST25C01 
and the bus master and forces the device into the 
standby power state. 

I 

:.-.: 
STOP 

CONDITION 

SCL ~- _ ___FV;\___F\_ __ 

SDA ~~~--
' ' START CONDITION 

SCL --~--

VA00792 

..::41.::.9 ____________ ~ ~i~©!H21'~0!~©~ --------------
414 



ST25C01 

AC MEASUREMENT CONDITIONS Figure 5. AC Testing Input Output Waveforms 

Input Rise and Fall Times :> SOns 

Input Pulse Voltages 0.2Vcc to O.BVcc 

Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 

o.svcc ~ o.7Vcc 

~0.3Vcc 
o.2Vcc 

Table 7. Capacitance 11l (T A = 25 oc, f = 1 00 kHz ) 

Symbol Parameter Min Max 

C1N Input Capacitance (SDA) 

C1N Input Capacitance (Other) 

Note: 1. Sampled only and not 100%. tested. 

Figure 6. AC Waveforms 

SCL 

SOA IN 

' 

: START : 
CONDITION 

SCL 

SDA OUT 

SDA SDA 
INPUT CHANGE 

' 

8 

6 

STOP & 
BUS FREE 

!-DATA OUTPUT-\ 

SCL 

SDA IN 

STOP : 
CONDITION 

WRITIE CYCLE -------1~--­
: START 
CONDITION 

VA00795 

VA00825 

Unit 

pF 

pF 
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Table 5. DC Characteristics 
(T A = 0 to 70 °C, -40 to 85 oc or -40 to 125 °C; Vee = 2.5V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV::; V1N::; Vee ±2 !!A 
ILO Output Leakage Current OV::; Vour::; Vee ±2 !!A 
Icc Supply Current Vee= 2.5V, f =100kHz 1 rnA 

lcc1 Supply Current (Standby) Vee= 2.5V, 5 !!A v,N = ov or Vee 

v,L Input Low Voltage (SCL & SDA) -0.3 0.3 Vee v 

v,H Input High Voltage (SCL & SDA) 0.7Vcc Vee+ 1 v 

v,L Input Low Voltage (EO - E2, MODE) -0.3 0.5 v 

v,H Input High Voltage (EO- E2, MODE) Vcc-0.5 Vee+ 1 v 

VoL Output Low Voltage loL = 2.1mA 0.4 v 

Table 6. AC Characteristics 
(TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 °C; Vee = 2.5V to 5.5V) 

Symbol All Parameter Min Max Unit 

lcH1CH2 lA Clock Rise lime 1 !IS 

ICL1CL2 IF Clock Fall Time 300 ns 

IDH1DH2 lA Input Rise Time 1 !IS 

IDL1DL1 IF Input Fall Time 300 ns 

ICHDX (1) tsu STA Clock High to Input Transition 4.7 !IS 

lcHCL IHIGH Clock Pulse Width High 4 !IS 

toLCL IHDSTA Input Low to Clock Low (START) 4 (.lS 

ICLDX IHD OAT Clock Low to Input Transition 0 !IS 

lcLCH I LOW Clock Pulse Width Low 4.7 !IS 

lox ex ISUDAT Input Transition to Clock Transition 250 ns 

ICHDH tsusm Clock High to Input High (STOP) 4.7 !IS 

IDHDL IBUF Input High to Input Low (Bus Free) 4.7 !IS 

ICLQV IAA Clock Low to Output Valid 0.3 3.5 !IS 

ICLQX toH Clock High to Output Transition 300 ns 

fc fscL Clock Frequency 100 kHz 

ILPF T, Input Low Pass 1st Order Filter lime 
100 ns Constant (SCL & SDA Inputs) 

tw(21 tWA Write Time 10 ms 

Notes: 1. For a re START condition. or following a write cycle. 
2 In the Mult1byte Write mode only, If accessed bytes are on two consecutive rows (upper 5 MSB must not change) the maximum 

programmmg t1me IS doubled to 20ms. 
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Table 8. Endurance and Data Retention 

Endurance The ability of the EEPROM to withstand Erase/Wnte cycles without fmlure. 

Failure 
A failure after cycl1ng 1s def1ned as any bit that cannot be written or loses its data after a 
subsequent retention bake of 2 years equivalent at 55 °C. 

Guarantee With 60% confidence, more than 99.9% of units can be cycled over 1 ,000,000 times. 

DEVICE OPERATION (cont'd) 

Acknowledge Bit. An acknowledge signal is used 
to indicate a successfull data transfer. The bus 
transmitter, either master or slave, will release the 
SDA bus after sending 8 bits of data. During the 9th 
clock pulse the receiver pulls the SDA bus low to 
acknowledge the receipt of the 8 bits of data. 

Data Input. During data input the ST25C01 sam­
ples the SDA bus signal on the rising edge of the 
clock SCL. For correct device operation the SDA 
signal must be stable during the clock low to high 
transition and the data must change ONLY when 
the SCL line is low. 

Memory Addressing 

To start communication between the master and 
the slave ST25C01, the master must initiate a 
START condition. Following this the master sends 
onto the SDA bus line 8 bits (MSB first) correspond­
ing to the device select code and a READ or WRITE 
instruction. 

The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
12C bus definition. For the ST25C01 these are fixed 
as 101 Ob (OAh). 

The following 3 bits identify the specific ST25C01 
on the bus. They are matched to the chip enable 
signals EO - E2. Thus up to 8 ST25C01 's can be 
connected on the same bus giving a memory ca­
pacity total of 16k bits. After a START condition all 
ST25C01 'son the bus will identify the device code 
and compare the following 3 bits to the chip enable 
inputs EO- E2. If a match is found the correspond­
ing ST25C01 will acknowledge the identification on 
the SDA bus during the 9th bit time. 

The 8th bit sent is the read or write bit (RW), this 
bit is set to '1' for read and '0' for write operations. 

Write Operation 

The Multibyte Write mode is available when the 
MODE signal is at V1H and the Page Write mode 
when this signal is at V1L. The MODE signal may 
be driven dynamically with CMOS input levels. The 
Byte Write mode is independant of the state of the 

MODE signal and the pin could be left floating if 
only this mode was to be used. However it is 
recommended that the signal is connected to either 
ViH or ViL· 

Following a START condition the master sends a 
device select code with the RW bit reset to '0'. The 
ST25C01 acknowledges this and waits for a byte 
address. The byte address of 8 bits (the MSB, bit 
7, is not used or 'don't care') provides access to any 
of the 128 bytes of the memory. After receipt of the 
byte address the ST25C01 again responds with an 
acknowledge. 

Byte Write. In the Byte Write mode the master 
sends one data byte, this is acknowledged by the 
ST25C01. The master then terminates the transfer 
by generating a STOP condition. 

Multibyte Write. For the Multibyte mode the 
MODE signal must be at V1H. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 4 bytes 
of data, which are each acknowledged by the 
ST25C01. The transfer is terminated by the master 
generating a STOP condition. 

Page Write. For the Page mode the MODE signal 
must be at V1L. The Page Write mode allows up to 
8 bytes to be written in a single write cycle, provided 
that they are all located in the same 'row' in the 
memory: that is the 5 most significant memory 
address bits (A7-A3) are the same. The master 
sends from 1-8 bytes of data, which are each 
acknowledged by the ST25C01. After each byte is 
transfered, the internal byte address counter (3 
least significant bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad­
dress counter 'roll-over' which could result in data 
being overwritten. 

For any write mode the generation by the master 
of the STOP condition starts the internal memory 
program cycle. All inputs are disabled until the 
completion of this cycle and the ST25C01 will not 
respond to any request. The duration of this cycle 
is tw = 10ms maximum except when, in the Multi­
byte Write mode, bytes are accessed that are on 
different rows (that is have different values for the 
5 most significant address bits), when the program­
ing time is doubled to a maximum of 20ms. 

-----------------------------~ ~i~@~2~~~Y~~ --------------------------7~'9 
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Figure 7. Write Modes Sequence 

ACK ACK ACK 
BYTE 
WRITE 0 1,...,.: .... D:Ev ...... ; ~-.-~L.,: I~ I :srT:E >r~R: 111 : :o+ Tf :~~ : 11 I 0 

MULTIBYTE 
AND 

START RW 

PAGE WRITE 
START RW 

ACK ACK 

~:J 1 1 P~Tt :~~ :N: 11 
I 0 
STOP 

Figure 8. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

NO 
ACK ACK 

0 .. 1 ;-rqE.....,f ],...,.s~L""T"": ,..,IIIII : Dt tA: qu~: II LD 
START RW STOP 

START RW START 

ACK ACK 

0 r-TI :"""T"qE.....,Y ;I'""Ts~L""T"": T""'111111 HT~ :o~~ j II c~:~~ 
START RW 

START RW START 

NO 
ACK ACK 

:~:~J II 9A>+ P~T: 01 1 LD 
STOP 

STOP 

VA00793 

RW STOP 

NO 
ACK ACK 

~~:~J 119~T+ PYT: 01 1 LD 
STOP 

RW 

VA00794 

"'"'"819'-------------~ ~itm~~~~ ----------
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Read Operation 

Read operations are independent of the state of the 
MODE signal. 

Current Address Read. The ST25C01 has an 
internal byte address counter. Each time a byte is 
read, this counter is incremented. For the Current 
Address Read mode, following a START conditio.J:h 
the master sends a memory address with the RW 
bit set to '1 '.The ST25C01 acknowledges this and 
immediately outputs the byte addressed by the 
internal byte address counter. This counter is then 
incremented. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 

Random Address Read. A dummy write is per­
formed to load the byte address into the memory. 
This is followed by another START condition from 
th~ master and the byte address repeated with the 
RW bit set to '1 '.The ST25C01 acknowledges this 
and immediately outputs the byte addressed. The 
master does NOT acknowledge the byte output, 
but terminates the transfer with a STOP condition. 

ORDERING INFORMATION 

ST25C01 

Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad­
dress Read. However in this case the master 
DOES acknowledge the data byte output and the 
ST25C01 continues to output the next byte in se­
quence. To terminate the stream of bytes the mas­
ter must NOT acknowledge the last byte output, but 
must generate a STOP sequence. The output data 
is from consecutive byte addresses, with the inter­
nal byte address counter automatically incre­
mented after each byte output. After a count of 128 
the address counter will 'roll-over' and the memory 
will continue to output data. 

Acknowledge in Read Mode. In all read modes 
the ST25C01 waits for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the ST25C01 terminates the 
data transfer and switches to a receiver state. The 
STOP condition is used only in the WRITE modes 
to initiate the write cycle and is ignored in the READ 
modes. 

Example: ST25C01 M 1 013TR 

I 
Package I Temperature Range I l __ __:cO,!._p_tio_n __ __, 

B PSDIP8 1 0 to 70 °C 01 3TR Tape & Reel 
0.25 mm Frame 

3 -40 to 125 oc 
M PS08 6 -40 to 85 oc 

Parts are shipped with the memory content set at all "1 's" (OFFh). 

For a list of available options of Package and Temperature Range, refer to the Selector Guide in this Data 
Book or to the current Memory Shortform Catalogue. 

For further information on any aspect of this device, please contact our Sales Office nearest you. 

______________ ~ ~~~~m~~~?©~ ____________ _:9=/9 
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ST25C02A 

2.5V SERIAL ACCESS CMOS 2K (256 x 8) EEPROM 

• 1 ,000,000 ERASE/WRITE CYCLES MINIMUM, 
WITH OVER 1 0 YEARS DATA RETENTION 

• SINGLE 2.5V TO 5.5V SUPPLY VOLTAGE 
• TWO WIRE SERIAL INTERFACE, FULLY 12C 

BUS COMPATIBLE 
• BYTE AND MULTIBYTE WRITE (UP TO 4 

BYTES) 
• PAGE WRITE (UP TO 8 BYTES) 
• BYTE, RANDOM AND SEQUENTIAL READ 

MODES 
• SELF TIMED PROGRAMING CYCLE 
• AUTOMATIC ADDRESS INCREMENTING 
• GUARANTED 4kV ESD PROTECTION, USING 

HUMAN BODY MODEL 

DESCRIPTION 

The ST25C02A is a 2K bit electrically erasable 
programmable memory (EEPROM), organised as 
256 x 8 bits. It is manufactured in SGS­
THOMSON's Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of 
more than one million erase/write cycles with a data 
retention of over 1 0 years. The ST25C02A oper­
ates down to a supply voltage of 2.5V. Both Plastic 
Dual- in-Line and Plastic Small Outline packages 
are available. 

The memory is compatible with the 12C standard, 
two wire, serial interface which uses a bi-directional 
data bus and serial clock. The ST25C02A carries 
a built-in 4 bit, unique device identification code 
corresponding to the 12C bus definition. This is used 
together with a 3 bit chip enable input to form a 7 
bit memory select signal. In this way up to 8 

Table 1. Signal Names 

EO- E2 Chip Enable Inputs 

SDA Serial Data Address Input Output 

SCL Serial Clock 

MODE Write Mode 

Vee Supply Voltage 

Vss Ground 

May 1992 

PSDIP8 (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

3 
EO-E2 

SCL 

MODE 

Vss 

8~ 

PSOB (M) 

SDA 

VA00843 

1/9 
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Figure 2A. DIP Pin Connections 

ST25C02A 

EOD8 Vee 
E1 2 7 MODE 
E2 3 6 SCL 

Vss 4 5 SDA 

VA00844 

Table 2. Absolute Maximum Ratings 

Symbol Parameter 

TA Ambient Operating Temperature 

TsTG Storage Temperature 

Figure 28. SO Pin Connections 

ST25C02A 

Eo[]s Vee 
E1 2 7 MODE 
E2 3 6 SCL 

Vss 4 5 SDA 

VA00845 

Value 

grade 1 Oto 70 
grade 3 -40to 125 
grade 6 -40 to 85 

-455 to 150 

Unit 

oc 

oc 

TLEAD Lead Temperature, Soldering (PS08 package) 40sec 215 oc 
(PSDIP8 package) 10 sec 260 

V;o Input or Output Voltages -0.3 to 6.5 v 
Vee Supply Voltage -o.3 to 6.5 v 

VESD 
Electrostatic Discharge Voltage (Human Body model) 4000 v 
Electrostatic Discharge Voliage (Mach1ne model) 1000 v 

Note: Except for the rating '"Operating Temperature Range'", stresses above those listed m the Table '"Absolute Max; mum Ratings'" may cause 
permanent damage to the device. These are stress rat1ngs only and operat;on of the device at these or any other cond1t1ons above those 
indicated m the Operating sections of this spec1f1cation 1s not implied. Exposure to Absolute Max1mum Rat1ng cond1t1ons for extended penods 
may affect dev1ce reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 

DESCRIPTION (cont'd) 

ST25C02A's may be attached to the 12C bus and 
selected individually. 

The ST25C02A behaves as a slave device in the 
12C protocol with all memory operations syn­
chronised by the serial clock. Read and write oper­
ations are initiated by a START condition generated 
by the bus master. The START condition is followed 
by a· stream of 7 device select bits plus one 
read/write bit and terminated by an acknowledge 
bit. When writing data to the memory it responds to 
the 8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi­
nated with a STOP condition. 

OPERATING MODES 

There are both Read and Write modes. Each is 
entered by the correct sequence of serial bits sent 
to the device on the SDA bus line. For some Write 
modes the status of the MODE input is also used 
to set the operating mode. 

The 8 bits sent after a START condition are made 
up of 4 bits that identify the device ty~. 3 chip 
enable bit~and one bit for a READ (RW = 1) or 
WRITE (RW = 0) operation. 

There are three modes both for read and write. 
These are summarised in Table 4 and described 
below. 

2/9 r=-= SGS·lHOMSON :::..::....__ _____________ ._"'!I !rj]D©OO®~<~®!i)]D©$ ---------------
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OPERATING MODES (cont'd) 

Byte ~ite. In this mode a device select is sent with 
the RW bit at '0', followed by the address of the 
byte. This is follwed by the 8 bit data to be written 
during the programing cycle. 

Multibyte Write and Page Write. In these modes 
up to 4 or up to 8 bytes respectively may be written 
in one programing cycle. Multibyte Write mode is 
activated when the MODE pin is at VrH level and 
Page Write when tv1QDE is at VrL. A device select 
is sent with the RW bit at ·o·, followed by the 
address of the first byte. This is followed by the data 
bytes to write. The bytes are written in the program­
ing cycle. All 8 bytes written in the Page Write mode 
must have the same five upper address bits. 

Current Address Read. In this mode the device 
select is sent with the RW bit at '1'. The address of 
the previous byte accessed is automatically incre­
mented and the new byte read. 

Random Address Read. This mode allows ran­
dom access to the memory. A device select is sent 
with the RW bit at ·o· (write). followed by the byte 
address. Then a new START condition is forced 
with the same device select is sent with the RW bit 
at '1' (read) and the byte is read. 

Sequential Read. This mode starts with either a 
Current Address or Random Address read se-

Table 3. Device Select Code 

Device Code 

Bit b7 I b6 I b5 

Device Select 1 I 0 I 1 

Note: The MSB b?1s sent !Jrst. 

Table 4. Operating Modes 
-

Mode RWbit MODE 

Current Address Read '1' X 

Random Address Read 
'0' X 

'1' X 

Sequential Read '1' X 

Byte Write '0' VIH or v,L 

Multibyte Write '0' VJH 

Page Write '0' v,L 

Note: X = V1H or V1L 

I 
I 

ST25C02A 

quence, it reads consecutive bytes as long as the 
bus master acknowledges each one without gen­
erating a STOP condition. 

SIGNAL DESCRIPTIONS 

Serial Clock (SCL). The SCL input is used to 
synchronise all Data In and Data Out of the mem­
ory. A resistor must be connected from the SCL line 
to Vee to act as a pull up. 

Serial Data (SDA). The SDA signal is bi-directional 
and used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 
with other open drain or open collector signals 
on the bus. A resistor must be connected from the 
SDA bus line to Vee to act as pull up. 

Chip Enable (EO • E2). These chip enable inputs 
are used to set the 3 least significant bits of the 7 
bit device select code. They may be driven dynam­
ically or tied to Vee or Vss to establish the device 
select code. Note that the VrL and VrH levels for the 
inputs are CMOS, not TTL, compatible. 

Mode (MODE). This signal may be driven dynam­
ically. It must be at VrL or VrH for the Byte Write 
mode, VrH for Multibyte Write mode or VrL for Page 
Write mode. Note that the voltages are CMOS 
levels, not TTL, compatible. 

-
Chip Enable RW 

b4 b3 I b2 I b1 bO 

0 E2 I E1 I EO 
-

RW 

Bytes Initial Sequence 

1 START, Device Select, RW = '1' 

START, Dev1ce Select, RW = '0', Address 

1 reSTART, Device Select, RW = '1' 

1 to 256 As CURRENT or RANDOM Mode 

1 START, Device Select, RW = '0' 

4 START, Device Select, RW = '0' 

8 START, Device Select, RW = '0' 

---------------------------~~i~©~~~~~~------------------------~3~/9 
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DEVICE OPERATION 

The ST25C02A supports the 12C protocol. This 
protocol defines any device that sends data onto 
the bus as a transmitter and any device that reads 
the data as a receiver. The device that controls the 
data transfer is known as the master and the other 
as the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn­
chronisation. The ST25C02A is always a slave 
device is all communications. 

Communications Protocol 

Data Transition or Change. Data changes on the 
SDA line must only occur when the SCL clock is 
low. SDA transitions while the clock is high are used 
to identify START or STOP conditions. 

Start Condition. START is identified by a high to 
low transition of the data bus SDA signal while the 
clock SCL is stable in the high state. A START 
condition must precede any command for data 
transfer. Except during a programming cycle, the 
ST25C02A continuously monitors the SDA and 
SCL signals for a START condition and will not 
respond unless one is given. 

Figure 4. 12C Bus Protocol 

SCL 

Figure 3. Typical Interface 

Vee 

Vee 
MODE 

SDA 

Vee 
EO 

ST25C02A 

Vss 
E1 

SCL 

Vss 
E2 

Vss 
VA00846 

Stop Condition. STOP is identified by a low to high 
transition of the data bus SDAsignal while the clock 
SCL is stable in the high state. A STOP condition 
terminates communication between the 
ST25C02A and the bus master and forces the 
device into the standby power state. 

---~ 

SDA n~___L_~ _;____:_...,x\........!_~~ ~ ~ I 
' 

~ 
START 

CONDITION 

:... ...... ..: 
SDA SDA 

INPUT CHANGE 

' ' ' ' 
~ 

STOP 
CONDITION 

SCL ~--~--

SDA~~~ 
I I --

' ' START CONDITION 

SCL --~--

VA00792 
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AC MEASUREMENT CONDITIONS Figure 5. AC Testing Input Output Waveforms 

Input Rise and Fall Times ,:; SOns 

Input Pulse Voltages 0.2Vcc to O.BVcc o. ?Vee 

Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 

O.BVee~ 

- o.3Vee 
o.2vee 

Table 7. Capacitance (1) (T A = 25 oc, f = 1 00 kHz ) 

Symbol Parameter Min Max 

CIN Input Capacitance (SDA) 

CIN Input Capacitance (Other) 

Note: 1. Sampled only and not 100% tesled. 

Figure 6. AC Waveforms 

SCL 

SDA IN 

~ 
• START • SDA SDA 

CONDITION INPUT CHANGE 

.... 
SCL 

tCLQV tCLQX 

SDA OUT ~::: 
f- DATA OUTPUT-f 
' ' 

SCL 

SDA IN 

8 

6 

STOP & 
BUS FREE 

+-
5
-T-OP_:____ WRITE CYCLE ____ __..,..: o--ST_A_R_T_ 

CONDITION CONDITION 

VA00795 

VA00825 

Unit 

pF 

pF 
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Table 5. DC Characteristics 
(TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee = 2.5V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV :o;VIN :;;Vee ±2 !!A 

ILO Output Leakage Current OV:;; Vour:;; Vee ±2 !!A 

Icc Supply Current Vee = 2.5V, I = 1OOkHz 1 rnA 

lcc1 Supply Current (Standby) Vee= 2.5V, V1N = OV or Vee 5 !!A 

V1L Input Low Voltage (SCL & SDA) . -0.3 0.3 Vee v 
V1H Input H1gh Voltage (SCL & SDA) 0.7 Vee Vee+ 1 v 

VIL 
Input Low Voltage -0.3 0.5 v (EO - E2, MODE) 

VIH 
Input High Voltage Vcc-0.5 Vee+ 1 v 
(EO - E2, MODE) 

VoL Output Low Voltage loL= 2.1mA 0.4 v 

Table 6. AC Characteristics 
(TA = 0 to 70 oc, -40 to 85 oc or -40 to 125 oc; Vee = 2.5V to 5.5V) 

Symbol All Parameter Min Max Unit 

ICH1CH2 IR Clock Rise Time 1 !lS 

lcl1CL2 IF Clock Fall T1me 300 ns 

IDH1DH2 IR Input R1se Time 1 !!S 

IDL1DL1 IF Input Fall Time 300 ns 

ICHDX i'l lsu STA Clock High to Input Transition 4.7 !lS 

lcHCL IHIGH Clock Pulse Width High 4 !lS 

IDLCL IHDSTA Input Low to Clock Low (START) 4 !lS 

lcLDX IHD OAT Clock Low to Input Transition 0 !lS 

lcLCH tLOW Clock Pulse Width Low 4.7 !lS 

toxcx lsu OAT Input Transition to Clock Transition 250 ns 

lcHDH tsu sm Clock High to Input High (STOP) 4.7 !lS 

IDHDL lsuF Input High to Input Low (Bus Free) 4.7 !lS 

ICLQV IAA Clock Low to Output Valid 0.3 3.5 !lS 

teL OX loH Clock High to Output Transition 300 ns 

fc fscL Clock Frequency 100 kHz 

ILPF T1 Input Low Pass 1st Order Filter Time 
100 ns Constant (SCL & SDA Inputs) 

tw 121 twR Write Time 10 ms 

Notes: 1 For are START condition, or following a write cycle 
2. In the Multibyte Wnte mode only, If accessed bytes are on two consecutive rows (upper 5 MSB must not change) the maximum 

programmmg t1me IS doubled to 20ms. 

6/9 t=-= SGS·THOMSON .:::...:: ______________ 1..'11 eo101J;;OO@ill~[(J;;TI1Jil@l'>JO~J;;® ----------------
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Table 8. Endurance and Data Retention 

Endurance The ability of the EEPROM to withstand Erase/Write cycles without failure. 

Failure 
A failure after cycling is defined as any bit that cannot be written or loses its data after a 
subsequent retention bake of 2 years equivalent at 55 oc. 

Guarantee With 60% confidence, more than 99.9% of units can be cycled over 1,000,000 times. 

DEVICE OPERATION (cont'd) 

Acknowledge Bit. An acknowledge signal is used 
to indicate a successful! data transfer. The bus 
transmitter, either master or slave, will release the 
SDA bus after sending 8 bits of data. During the 9th 
clock pulse the receiver pulls the SDA bus low to 
acknowledge the receipt of the 8 bits of data. 

Data Input. During data input the ST25C02A sam­
ples the SDA bus signal on the rising edge of the 
clock SCL. For correct device operation the SDA 
signal must be stable during the clock low to high 
transition and the data must change ONLY when 
the SCL line is low. 

Memory Addressing 

To start communication between the master and 
the slave ST25C02A, the master must initiate a 
START condition. Following this the master sends 
onto the SDA bus line 8 bits (MSB first) correspond­
ing to the device select code and a READ or WRITE 
instruction. 

The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
12C bus definition. For the ST25C02A these are 
fixed as 101 Ob (OAh). 

The following 3 bits identify the specific ST25C02A 
on the bus. They are matched to the chip enable 
signals EO - E2. Thus up to 8 ST25C02A's can be 
connected on the same bus giving a memory ca­
pacity total of 16k bits. After a START condition all 
ST25C02A's on the bus will identify the device code 
and compare the following 3 bits to the chip enable 
inputs EO- E2. If a match is found the correspond­
ing ST25C02A will acknowledge the identification 
on the SDA bus during the 9th bit time. 

The 8th bit sent is the read or write bit (RW), this 
bit is set to '1' for read and '0' for write operations. 

Write Operation 

The Multibyte Write mode is available when the 
MODE signal is at VJH and the Page Write mode 
when this signal is at VJL. The MODE signal may 
be driven dynamically with CMOS input levels. The 
Byte Write mode is independant of the state of the 

MODE signal and the pin could be left floating if 
only this mode was to be used. However it is 
recommended that the signal is connected to either 
VJH orVJL. 

Following a START condition the master sends a 
device select code with the RW bit reset to '0'. The 
ST25C02A acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac­
cess to any of the 256 bytes of the memory. After 
receipt of the byte address the ST25C02A again 
responds with an acknowledge. 

Byte Write. In the Byte Write mode the master 
sends one data byte, this is acknowledged by the 
ST25C02A. The master then terminates the trans­
fer by generating a STOP condition. 

Multibyte Write. For the Multibyte mode the 
MODE signal must be at VJH. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 4 bytes 
of data, which are each acknowledged by the 
ST25C02A. The transfer is terminated by the mas­
ter generating a STOP condition. 

Page Write. For the Page mode the MODE signal 
must be at VJL. The Page Write mode allows up to 
8 bytes to be written in a single write cycle, provided 
that they are all located in the same 'row' in the 
memory: that is the 5 most significant memory 
address bits (A7-A3) are the same. The master 
sends from 1-8 bytes of data, which are each 
acknowledged by the ST25C02A. After each byte 
is transfered, the internal byte address counter (3 
least significant bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad­
dress counter 'roll-over' which could result in data 
being overwritten. 

For any write mode the generation by the master 
of the STOP condition starts the internal memory 
program cycle. All inputs are disabled until the 
completion of this cycle and the ST25C02A will not 
respond to any request. The duration of this cycle 
is tw = 1 Oms maximum except when, in the Multi­
byte Write mode, bytes are accessed that are on 
different rows (that is have different values for the 
5 most significant address bits), when the program­
ing time is doubled to a maximum of 20ms. 

---------------------------~~i~©~~~~~~------------------------~7=/9 
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Figure 7. Write Modes Sequence 

BYTE 
WRITE 

MULTIBYTE 
AND 
PAGE WRITE 

ACK ACK ACK 

0 "I : ..... D:Ev .... ; ~ ..... ~L....,: l1 I 11 :srT:E >pqR: 111 : HT~ :~~ : 11 I 0 
START RW STOP 

ACK ACK ACK 

0 1,...,.:-.--D:Ev .... ; ~ ..... ~L.,-,: 1
1 

I 11 :sr~E >P9R: 111 : D:AtA>~ >: 11 OTI :""T'"Dt,....~Ar'""'T: ~0 :~:~ 
START RW 

ACK ACK 

~:JII pfT~:IN: :N: II, 0 
STOP VA00793 

Figure 8. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

NO 
ACK ACK 

0 r-TI :-r~E.,....,Y )r-rs~L-.-: T"'"ljljlj :O~tA: ~u!: 11 LD 
START RW STOP 

ACK ACK ACK ACK 

0 "I : ..... ~E .... Y :s..,..~L.,....,: 11,11 :sr~<A:D9R: 110 I : qEy :s~< 11111 : D:AtA: 9u:r; 11 LD 
- -

START RW START RW STOP 

NO 
ACK ACK ACK ACK 

0 lr-T:"""T'"~E"T'""'1Y :r-rs~L-.-: T"'"llll 11 HT~ :o~~ j 11 c~:~~ ~~:~J 119A:T~ p0T: 011 LD 
START RW STOP 

START RW START RW 

NO 
ACK ACK 

:~:~J 11 9A:T+ :o~T: 011 LD 
STOP VA00794 

8/9 ~ SGS·lHOMSON :::.::.___ _________ ,..,./ ~~~~~ii;:mm~rn(i;'ii'l:il©lil~ii;iil ----------

428 



Read Operation 

Read operations are independent of the state of the 
MODE signal. 

Current Address Read. The ST25C02A has an 
internal byte address counter. Each time a byte is 
read this counter is incremented. For the Current 
Add~ess Read mode, following a START conditio_!1 
the master sends a memory address with the RW 
bit set to '1 '.The ST25C02Aacknowledges this and 
immediately outputs the byte addressed by the 
internal byte address counter. This counter is then 
incremented. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 

Random Address Read. A dummy write is per­
formed to load the byte address into the memory. 
This is followed by another START condition from 
the master and the byte address repeated with the 
RW bit set to '1 '.The ST25C02A acknowledges this 
and immediately outputs the byte addressed. The 
master does NOT acknowledge the byte output, 
but terminates the transfer with a STOP condition. 

ORDERING INFORMATION 

Example: ST25C02A M 

ST25C02A 

Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad­
dress Read. However in this case the master 
DOES acknowledge the data byte output and the 
ST25C02A continues to output the next byte in 
sequence. To terminate the stream of bytes the 
master must NOT acknowledge the last byte out­
put, but must generate a STOP sequence. The 
output data is from consecutive byte addresse~, 
with the internal byte address counter automati­
cally incremented after each byte output. After a 
count of 256 the address counter will 'roll-over' and 
the memory will continue to output data. 

Acknowledge in Read Mode. In all read modes 
the ST25C02A waits for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the ST25C02A terminates the 
data transfer and switches to a receiver state. The 
STOP condition is used only in the WRITE modes 
to initiate the write cycle and is ignored in the READ 
modes. 

013TR 

Temperature Range 

1 0 to 70 °C 

3 --40 to 125 oc 
M PSOS 

6 --40 to 85 oc 

Parts are shipped with the memory content set at all "1 's" (OFFh). 

For a list of available options of Package and Temperature Range, refer to the Selector Guide in this Data 
Book or to the current Memory Shortform Catalogue. 

For further information on any aspect of this device, please contact our Sales Office nearest you. 

______________ ~ ~~~;m~,m~i!~©~ _____________ 9_1_9 
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ST25C04 

2.5V SERIAL ACCESS CMOS 4K (2 by 256 x 8) EEPROM 

• 1 ,000,000 ERASE/WRITE CYCLES MINIMUM, 
WITH OVER 10 YEARS DATA RETENTION 

• SINGLE 2.5V TO 5.5V POWER SUPPLY 

• USER DEFINED WRITE PROTECT AREA 

• TWO WIRE SERIAL INTERFACE, FULLY 12C 
BUS COMPATIBLE 

• BYTE AND MULTIBYTE WRITE (UP TO 4 
BYTES) 

• PAGE WRITE (UP TO 8 BYTES) 

• BYTE, RANDOM AND SEQUENTIAL READ 
MODES 

• SELF TIMED PROGRAMING CYCLE 

• AUTOMATIC ADDRESS INCREMENTING 
• GUARANTED 4kV ESD PROTECTION, USING 

HUMAN BODY MODEL 

DESCRIPTION 

The ST25C04 is a 4K bit electrically erasable pro­
grammable memory (EEPROM), organised as 2 
blocks of 256 x 8 bits. It is manufactured in SGS­
THOMSON's Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of 
more than one million erase/write cycles with a data 
retention of over 1 0 years. Both Plastic Dual-in-Line 
and Plastic Small Outline packages are available. 

The memory is compatible with the 12C standard, 
two wire, serial interface which uses a bi-directional 
data bus and serial clock. The ST25C04 carries a 
built-in 4 bit, unique device identification code cor­
responding to the 12C bus definition. This is used 
together with a 2 bit chip enable input to form a 6 
bit memory select signal. In this way up to 4 

Table 1. Signal Names 

PRE Write Protect Enable 

E1- E2 Chip Enable Inputs 

SDA Serial Data Address Input Output 

SCL Serial Clock 

MODE Write Mode 

Vee Supply Voltage 

Vss Ground 

May 1992 

B~ 
PSDIP8 (B) 

0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

I 
E1-E2 ~ 

PRE- ST25C04 

SCL-
MODE-

I 
Vss 

PS014 (ML) 

r-------- S D A 

VA00856 

1/10 
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Figure 2A. DIP Pin Connections 

ST25e04 

PRE[]8 Vee 
E1 2 7 MODE 
E2 3 6 SeL 

Vss 4 5 SDA 

VA00857 

Table 2. Absolute Maximum Ratings 

Symbol Parameter 

TA Ambient Operating Temperature 

TsTG Storage Temperature 

Figure 28. SO Pin Connections 

ST25C04 

NC NC 
PRE Vee 

E1 MODE 

NC NC 
EZ SCL 

Vss SDA 

NC NC 
VA00858 

Warning: NC =No Connection 

Value Unit 

grade 1 0 to 70 
grade 3 --40 to 125 oc 
grade 6 --40 to 85 

-65 to 150 oc 

TLEAD Lead Temperature, Soldering (PS014 package) 40 sec 215 oc 
(PSDIPB package) 10 sec 260 

V1o Input or Output Voltages -0.3 to 6.5 v 
Vee Supply Voltage -0.3 to 6.5 v 

VEso 
Electrostatic Discharge Voltage (Human Body model) 4000 v 
Electrostatic Discharge Voltage (Machine model) 1000 v 

Note: Except for the rating .. Operating Temperature Range .. , stresses above those listed in the Table .. Absolute Maximum Ratings .. may cause 
permanent damage to the device. These are stress ratmgs only and operation of the device at these or any other conditions above those 
mdicated m the Operating sectrons of this specrficatron rs not rmplred. Exposure to Absolute Maximum Rating condrtrons for extended penods 
may affect device relrabilrty. Refer also to the SGS-THOMSON SURE Program and other relevant qualrty documents. 

DESCRIPTION (cont'd) 

ST25C04's may be attached to the 12C bus and 
selected individually. 

The ST25C04 behaves as a slave device in the 12C 
protocol with all memory operations synchronised 
by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 6 device select bits, one block select bit, 
plus one read/write bit and terminated by an ac­
knowledge bit. When writing data to the memory it 
responds to the 8 bits received by asserting an 
acknowledge bit during the 9th bit time. When data 

is read by the bus master, it acknowledges the 
receipt of the data bytes in the same way. Data 
transfers are terminated with a STOP condition. 

Data in the upper block of the memory may be write 
protected. The protected area is programmable to 
start on any 8 byte boundary. Protection is enabled 
by a memory bit flag and the PRE signal input. 

OPERATING MODES 

There are both Read and Write modes. Each is 
entered by the correct sequence of serial bits sent 
to the device on the SDA bus line. For some Write 
modes the status of the MODE input is also used 

=2/-'-10.:..._ ___________ ~ ~~©n&~:~~~~ --------------
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OPERATING MODES (cont'd) 

to set the operating mode. For the Protect mode 
the status of the PRE input determines whether 
protection is enabled or disabled. 

The 8 bits sent after a START condition are made 
up of a device select of 4 bits that identify the device 
type, 2 chip enable bi§ one block select ~ and 
one bit for a READ (RW = 1) or WRITE (RW = 0) 
operation. 

There are three modes both for read and write. 
These are summarised in Table 4 and described 
below. 

Byte Write. In this mode a device select is sent with 
the RW bit at '0', followed by the address of the 
byte. This is followed by the 8 bit data to be written 
during the programing cycle. 

Multibyte Write and Page Write. In these modes 
up to 4 or up to 8 bytes respectively may be written 
in one programing cycle. Multibyte Write mode is 
activated when the MODE pin is at V1H level and 
Page Write when M_QDE is at V1L. A device select 
is sent with the RW bit at '0', followed by the 
address of the first byte. This is followed by the data 
bytes to write. The bytes are written in the program­
ing cycle. All 8 bytes written in the Page Write mode 
must have the same five upper address bits. 

Current Address Read. In this mode the device 
select is sent with the RW bit at '1 '.The address of 

Table 3. Device Select Code 

Device Code 

Bit b7 I b6 I b5 

Device Select 1 I 0 I 1 

Note: The MSB b7 is sent f1rst. 

Table 4. Operating Modes 

Mode RWbit MODE 

Current Address Read '1' X 

Random Address Read 
'0' X 

'1' X 

Sequential Read '1' X 

Byte Write '0' V1H or V1L 

Multibyte Write '0' V1H 

Page Write '0' VIL 

Note: X= v,H or v,, 

I 
I 

ST25C04 

the previous byte accessed is automatically incre­
mented and the new byte read. 

Random Address Read. This mode allows ran­
dom access to the memory. A device select is sent 
with the RW bit at '0' (write), followed by the byte 
address. Then a new START condition is forced 
with the same device select is sent with the RW bit 
at '1' (read) and the byte is read. 

Sequential Read. This mode starts with either a 
Current Address or Random Address read se­
quence, it reads consecutive bytes as long as the 
bus master acknowledges each one without gen­
erating a STOP condition. 

Write Protect. Data in the upper 256 byte block of 
the memory may be write protected. The protection 
starts at any 8 byte boundary. The address at which 
protection starts is defined by the contents of the 
upper 5 bits (b?- b3 of the top memory location 
(block 1, byte address 1 FFh). Bit 2 of this memory 
location is used as a flag to indicate that the pro­
tection is enabled (b2 = '0') or disabled (b2 = '1 '). 
The lower two bits, b1 & bO, are not used. The 
sequence to follow to use the memory protect 
feature is as follows: write the memory contents to 
be protected into the top of the upper block of the 
memory, up to location 1 FE h. Then establish the 
memory protect area and set the protection by 
writing the correct contents into location 1 FFh. The 
area will now be protected when the PRE signal is 
active (High). 

Chip Enable Block -

Select 
RW 

b4 b3 I b2 b1 bO 

I -
0 E2 E1 AB RW 

Bytes Initial Sequence 

1 START, Device Select, RW = '1' 
-

START, Device Select, RW = '0', Address 
-

1 reSTART, Device Select, RW = '1' 

1 to 512 As CURRENT or RANDOM Mode 

1 START, Device Select, RW = '0' 

4 START, Device Select, RW = '0' 

8 START, Device Select, RW = '0' 

-------------~ ~ii@mgm~~~~ ___________ .....::..c3/..:..=.10 
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Figure 3. Memory Protection Figure 4. Typical Interface 

Protect Location 

8 byte Protect Flag 
boundary Enable = 0 
address , Disable = 1 Vee 

:b7 b3:b2 ------ I 
1FFh -~-~-~-~-1-1~~~ Vee 

MODE 

100h 

Blk 1 '" ~ ST25C04 

Vss E1 
SCL-

v E2 ss 
I 

Vss 

Blk 0 

VA00855 

Figure 5. 12C Bus Protocol 

SCL 

SDA i\'--'-_I.___;______;.__.JX.........__::: ~ I 

SCL 

SDA 

SCL 

SDA 

:.--------.: : .. .. 
SlJA SDA START 

CONDITION INPUT CHANGE 

START CONDITION 

--~--

:.--------.: 
STOP 

CONDITION 

VA00792 

r--- SDA 

VAOOB59 
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ST25C04 

AC MEASUREMENT CONDITIONS Figure 6. AC Testing Input Output Waveforms 

Input Rise and Fall Times ,; SOns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 

Table 7. Capacitance <1> (T A= 25 oc, f = 100 kHz) 

Symbol Parameter 

C1N Input Capacitance (SDA) 

GIN Input Capacitance (Other) 

Note: 1. Sampled only not 100% tested 

Figure 7. AC Waveforms 

SCL 

SDA IN 

SCL 

SDA OUT 

~ 
' START · 
CONDITION 

SDA SDA 
INPUT CHANGE 

!- DATA OUTPUT-! 

SCL 

SDA IN 

OB~c I 
~0.7Vcc 

~03Vcc 
o.2Vcc 

Min Max 

8 

6 

STOP & 
BUS FREE 

~ \CHOX 

VA00825 

Unit 

pF 

pF 

\ __ 

WRITE CYCLE ----------1.:.-------.' 
STOP : 

CONDiTiON 
START 

CONDITION 

VA00795 

----------------------------- ~~i~~2~~~~©~ --------------------------5~/9 
435 



ST25C04 

Table 5. DC Characteristics 
(TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee = 2.5V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV ~ V1N ~Vee ±2 [!A 

ILO Output Leakage Current OV ~ VouT ~Vee ±2 [!A 

Icc Supply Current V cc = 2.5V, f = 1OOkHz 1 rnA 

lcc1 Supply Current (Standby) Vee= 2.5V, V1N = OV or Vee 5 [!A 

V1L Input Low Voltage (SCL & SDA) -0.3 0.3 Vee v 
V1H Input High Voltage (SCL & SDA) 0.7 Vee Vee+ 1 v 

V1L 
Input Low Voltage -0.3 0.5 v 
(E1 - E2, PRE, MODE) 

V1H 
Input High Voltage 

Vcc-0.5 Vee+ 1 v (E1 - E2, PRE, MODE) 

VoL Output Low Voltage loL = 3mA 0.4 v 

Table 6. AC Characteristics 
(TA = 0 to 70 oc, -40 to 85 oc or-40 to 125 oc; Vee= 2.5V to 5.5V) 

Symbol All Parameter Min Max Unit 

ICH1CH2 lA Clock Rise Time 1 [!S 

ICL1CL2 IF Clock Fall Time 300 ns 

IDH1DH2 tR Input Rise Time 1 [lS 

IDL1DL1 IF Input Fall Time 300 ns 

tcHDX (1) lsu STA Clock High to Input Transition 4.7 [!S 

lcHCL tHIGH Clock Pulse Width High 4 [15 

toLCL tHo STA Input Low to Clock Low (START) 4 jlS 

tcLDX IHD OAT Clock Low to Input Transition 0 [lS 

lcLCH I LOW Clock Pulse Width Low 4.7 jlS 

loxcx lsu OAT Input Transition to Clock Transition 250 ns 

ICHDH lsusm Clock High to Input High (STOP) 4.7 [lS 

toHDL tsuF Input High to Input Low (Bus Free) 4.7 [lS 

tcLQV tAA Clock Low to Output Valid 0.3 3.5 [lS 

tcwx loH Clock High to Output Transition 300 ns 

fc fscL Clock Frequency 100 kHz 

ILPF T1 
Input Low Pass 1st Order Filter Time Constant 

100 ns (SCL & SDA Inputs) 

lw(2i lwR Write Time 10 ms 

Notes: 1. For are START condition, or following a write cycle. 
2. In the Multibyte Write mode only, if accessed bytes are on two consecutive rows (upper 5 MSB must not change) the maximum 

programming time is doubled to 20ms . 

.:::61_:_10=--------------~ ~~~m~~~~~©~ _____________ _ 
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Table 8. Endurance and Data Retention 

Endurance The ability of the EEPROM to withstand Erase/Write cycles without failure. 

Failure A failure after cycling is defined as any bit that cannot be written or loses its data after a 
subsequent retention bake of 2 years equivalent at 55 oc. 

Guarantee With 60% confidence, more than 99.9% of units can be cycled over 1,000,000 times. 

OPERATING MODE (cont'd) 

Caution: Special attention must be used when 
using the protect mode together with the Multibyte 
Write mode (MODE input High). If the Multibyte 
write of up to 4 bytes starts at the location just 
before the protected area then it is able to write over 
the first 3 bytes in the protected area. The true area 
protected is therefore smaller and equal to the 
content of defined in the location 1 FFh plus 3 bytes. 
This does not apply to the Page write mode as the 
address counter rolls over and thus cannot go 
above the 8 byte lower boundary of the protected 
area. 

SIGNAL DESCRIPTIONS 

Serial Clock (SCL). The SCL input is used to 
synchronise all Data In and Data Out of the mem­
ory. A resistor must be connected from the SCL line 
to Vee to act as a pull up. 

Serial Data (SDA}. The SDA signal is bi-directional 
and used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 
with other open drain or open collector signals 
on the bus. A resistor must be connected from the 
SDA bus line to Vee to act as pull up. 

Chip Enable (E1 • E2). These chip enable inputs 
are used to set the 2 least significant bits of the 6 
bit device select code. They may be driven dynam­
ically or tied to Vee or Vss to establish the device 
select code. Note that the V1L and V1H levels for the 
inputs are CMOS, not TTL, compatible. 

Mode (MODE). This signal may be driven dynam­
ically. It must be at V1L or V1H for the Byte Write 
mode, V1H for Multibyte Write mode or V1L for Page 
Write mode. Note that the voltages are CMOS 
levels, not TTL, compatible. 

Protect Enable (PRE). This signal may be driven 
dynamically. It must be at V1L or V1H for the Byte 
Write mode, V1H for Multibyte Write mode or V1L for 
Page Write mode. Note that the voltages are 
CMOS levels, not TTL, compatible. 

DEVICE OPERATION 

The ST25C04 supports the 12C protocol. This pro­
tocol defines any device that sends data onto the 
bus as a transmitter and any device that reads the 
data as a receiver. The device that controls the data 
transfer is known as the master and the other as 
the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn­
chronisation. The ST25C04 is always a slave de­
vice is all communications. 

Communications Protocol 

Data Transition or Change. Data changes on the 
SDA line must only occur when the SCL clock is 
low. SDA transitions while the clock is high are used 
to identify START or STOP conditions. 

Start Condition. START is identified by a high to 
low transition of the data bus SDA signal while the 
clock SCL is stable in the high state. A START 
condition must precede any command for data 
transfer. Except during a programming cycle, the 
ST25C04 continuously monitors the SDA and SCL 
signals for a START condition and will not respond 
unless one is given. 

Stop Condition. STOP is identified by a low to high 
transition of the data bus SDAsignal while the clock 
SCL is stable in the high state. A STOP condition 
terminates communication between the ST25C04 
and the bus master and forces the device into the 
standby power state. 

Acknowledge Bit. An acknowledge signal is used 
to indicate a successful! data transfer. The bus 
transmitter, either master or slave, will release the 
SDA bus after sending 8 bits of data. During the 9th 
clock pulse the receiver pulls the SDA bus low to 
acknowledge the receipt of the 8 bits of data. 

Data Input. During data input the ST25C04 sam­
ples the SDA bus signal on the rising edge of the 
clock SCL. For correct device operation the SDA 
signal must be stable during the clock low to high 
transition and the data must change ONLY when 
the SCL line is low. 
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Memory Addressing 

To start communication between the master and 
the slave ST25C04, the master must initiate a 
START condition. Following this the master sends 
onto the SDA bus line 8 bits (MSB first) correspond­
ing to the device select code, block select bit and 
a READ or WRITE instruction. 

The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
12C bus definition. For the ST25C04 these are fixed 
as 101Gb (OAh). 

The following 2 bits identify the specific ST25C04 
on the bus. They are matched to the chip enable 
signals E1 - E2. Thus up to 4 ST25C04's can be 
connected on the same bus giving a memory ca­
pacity total of 16k bits. After a START condition all 
ST25C04's on the bus will identify the device code 
and compare the following 2 bits to the chip enable 
inputs E1 - E2. If a match is found the correspond­
ing ST25C04 will acknowledge the identification on 
the SDA bus during the 9th bit time. 

The 7th bit sent selects one of the two blocks of 256 
bytes of the memory, effectively acting as memory 
address AS (A?- AO byte addresses are sent later). 

The 8th bit sent is the read or write bit (RW), this 
bit is set to '1' for read and '0' for write operations. 

Write Operation 

The Multibyte Write mode is available when the 
MODE signal is at V1H and the Page Write mode 
when this signal is at V1L. The MODE signal may 
be driven dynamically with CMOS input levels. The 
Byte Write mode is independant of the state of the 
MODE signal and the pin could be left floating if 
only this mode was to be used. However it is 
recommended that the signal is connected to either 
V1H or V1L. 

Following a START condition _ _!he master sends a 
device select code with the RW bit reset to '0'. The 
ST25C04 acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac­
cess to any of the 256 bytes in the selected block 
of the memory. After receipt of the byte address the 
ST25C04 again responds with an acknowledge. 

Byte Write. In the Byte Write mode the master 
sends one data byte, this is acknowledged by the 
ST25C04. The master then terminates the transfer 
by generating a STOP condition. 

Multibyte Write. For the Multibyte mode the 
MODE signal must be at V1H. The Multibyte Write 
mode can be started from any address in the 

memory. The master sends from one up to 4 bytes 
of data, which are each acknowledged by the 
ST25C04. The transfer is terminated by the master 
generating a STOP condition. 

Page Write. For the Page mode the MODE signal 
must be at V1L. The Page Write mode allows up to 
8 bytes to be written in a single write cycle, provided 
that they are all located in the same 'row' in the 
memory: that is the 5 most significant memory 
address bits (A8-A4) are the same. The master 
sends from 1-8 bytes of data, which are each 
acknowledged by the ST25C04. After each byte is 
transfered, the internal byte address counter (3 
least significant bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad­
dress counter 'roll-over' which could result in data 
being overwritten. 

For any write mode the generation by the master 
of the STOP condition starts the internal memory 
program cycle. All inputs are disabled until the 
completion of this cycle and the ST25C04 will not 
respond to any request. The duration of this cycle 
is tw = 1 Oms maximum except when, in the Multi­
byte Write mode, bytes are accessed that are on 
different rows (that is have different values for the 
5 most significant address bits), when the program­
ing time is doubled to a maximum of 20ms. 

Read Operation 

Read operations are independent of the state of the 
MODE signal. 

Current Address Read. The ST25C04 has an 
internal byte address counter. Each time a byte is 
read, this counter is incremented. For the Current 
Address Read mode, following a START conditio.Q.,_ 
the master sends a memory address with the RW 
bit set to '1 '.The ST25C04 acknowledges this and 
immediately outputs the byte addressed by the 
internal byte address counter. This counter is then 
incremented. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 

Random Address Read. A dummy write is per­
formed to load the byte address into the memory. 
This is followed by another START condition from 
the master and the byte address repeated with the 
RW bit set to '1 '.The ST25C04 acknowledges this 
and immediately outputs the byte addressed. The 
master does NOT acknowledge the byte output, 
but terminates the transfer with a STOP condition. 

~8/~1~0 _________________________ ~ ~~~@~~~:~?~ -----------------------------
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Figure 8. Write Modes Sequence 

BYTE 
WRITE 

MULTIBYTE 
AND 

ACK ACK ACK 

0 I~:~D:EvT""""T; ~ ....... ~L~: 11.11 :sr~<ApqR; 111 : :D+Tf :~~ : 11. 0 
START RW STOP 

ACK ACK ACK 

PAGE WRITE 
O ,...,., :.....-D:EvT""'Ii ~-.-~L..,...,: 11.11 :sr~<AP9R: 111 :~AtA: ~~;,: 11 ...... 1 :...,..D~"'T""~A,....:I0 :~:~ 
START RW 

ACK ACK 

~:J 1 1 P1Tt:IN: :N: II, 0 
STOP VA00793 

Figure 9. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

NO 
ACK ACK 

0 ~~ :-~E-Y ...... :s~....,..< ~111 1 1 :OHA: ~u! : 11 L.D 
START RW STOP 

ACK ACK ACK ACK 

0 ~~ : ....... ~E~Y :s-~L ........ : 1
1
,11 :sr~E >?9R: 11 0 I : qEy :s~< 1

1
111 ;o:A h 9u:r; I I L.D 

- -
START RW START RW STOP 

NO 
ACK ACK ACK ACK 

0 ..... 1 :-~E-Y ...... :s~ ....... < ........ ,11 11 HT~ :a~~ i 11 c~:~~ ~~:~J 1 19~T~ P~T: 01 1 L.D 
START RW STOP 

START RW START RW 

NO 
ACK ACK 

:~:~J 11 9A:ri P~T: 0 11 L.D 
STOP VA00794 
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DEVICE OPERATION (cont'd) 

Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad­
dress Read. However in this case the master 
DOES acknowledge the data byte output and the 
ST25C04 continues to output the next byte in se­
quence. To terminate the stream of bytes the mas­
ter must NOT acknowledge the last byte output, but 
must generate a STOP sequence. The output data 
is from consecutive byte addresses, with the inter­
nal byte address counter automatically incre-

ORDERING INFORMATION 

mented after each byte output. After a count of 512 
the address counter will 'roll-over' and the memory 
will continue to output data. 

Acknowledge in Read Mode. In all read modes 
the ST25C04 waits for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the ST25C04 terminates the 
data transfer and switches to a receiver state. The 
STOP condition is used only in the WRITE modes 
to initiate the write cycle and is ignored in the READ 
modes. 

Example: ST25C04 ML 1 013TR 

ML PS014 

Temperature Range 

Oto70°C 

3 -40 to 125 oc 
6 -40 to 85 oc 

Parts are shipped with the memory content set at all "1 's" (OFFh). 

For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you . 

..:.10:::,1.:.:10::...._ ___________ ~ ~~©m~:~~~©~ --------------
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2.5V SERIAL ACCESS CMOS 8K (4 by 256 x 8) EEPROM 

• 1,000,000 ERASE/WRITE CYCLES MINIMUM, 
WITH OVER 1 0 YEARS DATA RETENTION 

• SINGLE 2.5V TO 5.5V POWER SUPPLY 

• USER DEFINED WRITE PROTECT AREA 

• TWO WIRE SERIAL INTERFACE, FULLY 12C 
BUS COMPATIBLE 

• BYTE AND MULTIBYTE WRITE (UP TO 8 
BYTES) 

• PAGE WRITE (UP TO 16 BYTES) 

• BYTE, RANDOM AND SEQUENTIAL READ 
MODES 

• SELF TIMED PROGRAMING CYCLE 

• AUTOMATIC ADDRESS INCREMENTING 

• GUARANTED 4kV ESD PROTECTION, USING 
HUMAN BODY MODEL 

DESCRIPTION 

The ST25C08 is an 8K bit electrically erasable 
programmable memory (EEPROM), organised as 
4 blocks of 256 x 8 bits. It is manufactured in SGS­
THOMSON's Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of 
more than one million erase/write cycles with a data 
retention of over 1 0 years. Both Plastic Dual-in-Line 
and Plastic Small Outline packages are available. 

The memory is compatible with the 12C standard, 
two wire, serial interface which uses a bi-directional 
data bus and serial clock. The ST25C08 carries a 
built-in 4 bit, unique device identification code cor­
responding to the 12C bus definition. This is used 
together with a chip enable input to form a 5 bit 
memory select signal. In this way up to 2 

Table 1. Signal Names 

PRE Write Protect Enable 

E Chip Enable Input 

SDA Serial Data Address Input Output 

SCL Serial Clock 

MODE Write Mode 

Vee Supply Voltage 

Vss Ground 

May 1992 

PSDIPB (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

I 
E-

PRE -
ST25e08 

SeL -

MODE-

I 
Vss 

f-- SDA 

VA00863 

1/10 
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Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 0 to 70 
grade 3 -40 to 125 oc 
grade 6 -40 to 85 

TsTG Storage Temperature -65 to 150 oc 

TLEAD Lead Temperature, Soldering (PSDIP8 package) 10 sec 260 oc 

V1o Input or Output Voltages -0.3 to 6.5 v 

Vee Supply Voltage -0.3 to 6.5 v 

VEso 
Electrostatic Discharge Voltage (Human Body model) 4000 v 
Electrostatic Discharge Voltage (Machine model) 1000 v 

Note: Except for the rat1ng "Operating Temperature Range", stresses above those listed 1n the Table "Absolute Max1mum Ratings" may cause 
permanent damage to the dev1ce. These are stress ratmgs only and operation of the device at these or any other conditions above those 
ind1cated in the Operat1ng sections of this spec1f1cation is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect dev1ce rel1ab11ity. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

Figure 2. DIP Pin Connections 

ST25e08 

PREli]8 Vee 
Ne 2 7 MODE 

E 3 6 SeL 
Vss 4 5 SDA 

VA00864 

DESCRIPTION (cont'd} 

ST25C08's may be attached to the 12C bus and 
selected individually. 

The ST25C08 behaves as a slave device in the 12C 
protocol with all memory operations synchronised 
by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 5 device select bits, 2 block select bits, 
plus one read/write bit and terminated by an ac­
knowledge bit. When writing data to the memory it 
responds to the 8 bits received by asserting an 
acknowledge bit during the 9th bit time. When data 
is read by the bus master, it acknowledges the 
receipt of the data bytes in the same way. Data 
transfers are terminated with a STOP condition. 

Data in the upper block of the memory may be write 
protected. The protected area is programmable to 

start on any 16 byte boundary. Protection is en­
abled by setting a memory bit flag and the PRE 
signal input. 

OPERATING MODES 

There are both Read and Write modes. Each is 
entered by the correct sequence of serial bits sent 
to the device on the SDA bus line. For some Write 
modes the status of the MODE input is also used 
to set the operating mode. For the Protect mode 
the status of the PRE input determines whether 
protection is enabled or disabled. 

The 8 bits sent after a START condition are made 
up of a device select of 4 bits that identify the device 
type, a chip enable .Q!.t, 2 block select bits i!Q.d one 
bit for a READ (RW = 1) or WRITE (RW = 0) 
operation. 

There are three modes both for read and write. 
These are summarised in Table 4 and described 
below. 

Byte Ytrite. In this mode a device select is sent with 
the RW bit at '0', followed by the address of the 
byte. This is followed by the 8 bit data to be written 
during the programing cycle. 

Multibyte Write and Page Write. In these modes 
up to 8 or up to 16 bytes respectively may be written 
in one programing cycle. Multibyte Write mode is 
activated when the MODE pin is at V1H level and 
Page Write when M_QDE is at V1L. A device select 
is sent with the RW bit at '0', followed by the 
address of the first byte. This is followed by the data 
bytes to write. The bytes are written in the program­
ing cycle. All 8 bytes in the Page Write mode must 
have the same five upper address bits. 

=V~10~------------------------ ~ ~~~~~~~~~9~ -----------------------------
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OPERATING MODES (cont'd) 

Current Address Read. In this mode the device 
select is sent with the RW bit at '1 '.The address of 
the previous byte accessed is automatically incre­
mented and the new byte read. 

Random Address Read. This mode allows ran­
dom acce~ to the memory. A device select is sent 
with the RW bit at '0' (write), followed by the byte 
address. Then a new START condition is forced 
with the same device select is sent with the RW bit 
at '1' (read) and the byte is read. 

Sequential Read. This mode starts with either a 
Current Address or Random Address read se­
quence, it reads consecutive bytes as long as the 
bus master acknowledges each one without gen­
erating a STOP condition. 

Write Protect. Data in the upper 256 byte block of 
the memory may be write protected. The protection 
starts at any 16 byte boundary. The address at 
which protection starts is defined by the contents 
of the upper 4 bits (b7- b4) of the top memory 
location (block 3, byte address 3FFh). Bit 3 of this 
memory location is always '0' and bit 2 is used as 
a flag to indicate that the protection is enabled (b2 
= '0') or disabled (b2 = '1 '). The lower two bits, b1 
& bO, are not used. The sequence to follow to use 
the memory protect feature is as follows: write the 
memory contents to be protected into the top of the 

Table 3. Device Select Code 

Device 
Code 

Bit b7 I b6 I b5 I 
Device Select 1 I 0 I 1 I 

Note: The MSB b7 is sentlirst. 

Table 4. Operating Modes 

Mode RWbit MODE 

Current Address Read '1' X 

Random Address Read 
'0' X 

'1' X 

Sequential Read '1' X 

Byte Write '0' V1H orV1L 

Multibyte Write '0' VIH 

Page Write '0' VIL 

Note: X = v,H or v,, 

ST25C08 

upper block of the memory, up to location 3FEh. 
Then establish the memory protect area and set 
the protection by writing the correct contents into 
location 3FFh. The area will now be protected when 
the PRE signal is active (High). 

Caution: Special attention must be used when 
using the protect mode together with the Multi byte 
Write mode (MODE input High). If the Multibyte 
write of up to 8 bytes starts at the location just 
before the protected area then it is able to write over 
the first 7 bytes in the protected area. The true area 
protected is therefore smaller and equal to the 
content of defined in the location 3FFh plus 7 bytes. 
This does not apply to the Page write mode as the 
address counter rolls over and thus cannot go 
above the 16 byte lower boundary of the protected 
area. 

SIGNAL DESCRIPTIONS 

Serial Clock (SCL). The SCL input is used to 
synchronise all Data In and Data Out of the mem­
ory. A resistor must be connected from the SCL line 
to Vee to act as a pull up. 

Serial Data (SDA). The SDAsignal is bi-directional 
and used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 
with other open drain or open collector signals 
on the bus. A resistor must be connected from the 
SDA bus line to Vee to act as pull up. 

Chip Block -

Enable Select RW 

b4 b3 I b2 b1 bO 

0 E I A9 AS RW 

Bytes Initial Sequence 

1 START, Device Select, RW = '1' 

START, -Device Select, RW = '0', Address 

1 reSTART, Device Select, RW = '1' 

1 to 1024 As CURRENT or RANDOM Mode 

1 START, Device Select, RW = '0' 

8 START, Device Select, RW = '0' 

16 START, Device Select, RW = '0' 

--------------------------- ~~~~©~2~:9~------------------------~3/~10 
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Figure 3. Memory Protection Figure 4. Typical Interface 

Protect Location 

8 byte 
boundary 
address 

Protect Flag 
Enable = 0 
Disable = 1 Vee 

I 

1FFh -~-~-~-~-Ll~~~ Vee 
MODE 

Blk 1 

V PRE 
cc ~ ST25C08 

Vss E SCL -

100h I 
Vss 

Blk 0 

VA00855 

Figure 5. 12C Bus Protocol 

SCL 

SDA 

SCL 

SDA 

SCL 

SDA 

---~ 

D...._;__..;,__....;.....____;___jx.........;.._ __ ::~ 

~ : ... ~ .... I ~ 

START 
CONDITION 

SDA SDA 
INPUT CHANGE 

STOP 
CONDITION 

~ __ __AF\_F\_ __ 

~~~--
: : START CONDITION 

VA00792 

1--- SDA 

VA00865 
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AC MEASUREMENT CONDITIONS Figure 6. AC Testing Input Output Waveforms 

Input Rise and Fall Times ~ 50ns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 

Table 5. Capacitance <1l (T A= 25 ac, f = 1 oo kHz) 

Symbol Parameter 

CtN Input Capacitance (SDA) 

CtN Input Capacitance (Other) 

Note: 1. Sampled only not 100% tested 

Figure 7. AC Waveforms 

SCL 

SDA IN 

~ SDA SDA 
CONDITION INPUT CHANGE 

SCL 

SDA OUT 

' 
i-- DATA OUTPUT--J 

SCL 

SDA IN 

o.svcc 

o.2Vcc 

~0.7Vcc 

~0.3Vcc 
VA00825 

Min Max Unit 

8 

6 

STOP & 
BUS FREE 

pF 

pF 

STOP : WRITE CYCLE --------­: START 
CONDITION CONDITION 

VA00795 

---------------------------~~i~;~~~~~~-------------------------5~/9 
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Table 6. DC Characteristics 
(TA = 0 to 70 ac, -40 to 85 ac or -40 to 125 ac; Vee= 2.5V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV S V1N S Vee ±2 !LA 

lw Output Leakage Current OV s Vour s Vee ±2 !LA 

Icc Supply Current 
Vee= 2.5V, f =100kHz 1 mA 

Vee= 5.5V, f =100kHz 2 mA 

lee1 Supply Current (Standby) 
Vcc=2.5V, V1N =OVorVcc 5 !LA 

Vee=5.5V,ViN =0VorVec 10 !LA 

V1L Input Low Voltage (SCL & SDA) -0.3 0.3 Vee v 
VIH Input High Voltage (SCL & SDA) 0.7Vec Vee+ 1 v 
V1L Input Low Voltage (E, PRE, MODE) -0.3 0.5 v 
V1H Input High Voltage (E, PRE, MODE) Vcc-D.5 Vee+ 1 v 
VoL Output Low Voltage loL= 3mA 0.4 v 

Table 7. AC Characteristics 
(TA = 0 to 70 ac, ·-40 to 85 ac or-40 to 125 ac; Vee= 2.5V to 5.5V) 

Symbol A It Parameter Min Max Unit 

teH1CH2 tR Clock Rise lime 1 !15 

tcL1CI2 IF Clock Fall Time 300 ns 

toH1DH2 tR Input Rise Time 1 !15 

IDL1DL1 IF Input Fall Time 300 ns 

tcHDX(t) tsu STA Clock High to Input Transition 4.7 !15 

tcHCL tHIGH Clock Pulse Width High 4 !15 

toLCL tHD·STA Input Low to Clock Low (START) 4 !15 

tcLDX tHD.DAT Clock Low to Input Transition 0 !15 

leLeH I LOW Clock Pulse Width Low 4.7 !15 

toxcx tsu OAT Input Transition to Clock Transition 250 ns 

tcHDH tsu STO Clock High to Input High (STOP) 4.7 !15 

toHDL tsuF Input High to Input Low (Bus Free) 4.7 !15 

ICLQV tAA Clock Low to Output Valid 0.3 3.5 !15 

teL OX toH Clock High to Output Transition 300 ns 

fc fscL Clock Frequency 100 kHz 

lLPF T1 Input Low Pass 1st Order Filter Time Constant 100 ns (SCL & SDA Inputs) 

tw (2) twR Write Time 10 ms 

Notes: 1. For a reSTART condition, or following a write cycle. 
2. In the Mult1byte Wnte mode only, 1f accessed bytes are on two consecutive rows (upper 5 MSB must not change) the maximum 

programming t1me is doubled to 20ms. 

=6'~10=-------------- ~ ~~tm~~~~©~ ____________ _ 
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Table 8. Endurance and Data Retention 

Endurance The ability of the EEPROM to withstand Erase/Write cycles without failure. 

Failure A failure after cycling is defined as any bit that cannot be written or loses its data after a 
subsequent retention bake of 2 years equivalent at 55 °C. 

Guarantee With 60% confidence, more than 99.9% of units can be cycled over 1 ,000,000 times. 

SIGNAL DESCRIPTION (cont'd) 

Chip Enable (E). This chip enable input is used to 
set the least significant bit of the 5 bit device select 
code. It may be driven dynamically or tied to Vee 
or Vss to establish the device select code. Note that 
the V1L and V1H levels for the inputs are CMOS, not 
TTL, compatible. 

Mode (MODE). This signal may be driven dynam­
ically. It must be at V1L or V1H for the Byte Write 
mode, V1H for Multibyte Write mode or V1L for Page 
Write mode. Note that the voltages are CMOS 
levels, not TTL, compatible. 

Protect Enable (PRE). This signal may be driven 
dynamically. It must be at V1L or V1H for the Byte 
Write mode, V1H for Multibyte Write mode or V1L for 
Page Write mode. Note that the voltages are 
CMOS levels, not TTL, compatible. 

DEVICE OPERATION 

The ST25C08 supports the 12C protocol. This pro­
tocol defines any device that sends data onto the 
bus as a transmitter and any device that reads the 
data as a receiver. The device that controls the data 
transfer is known as the master and the other as 
the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn­
chronisation. The ST25C08 is always a slave de­
vice is all communications. 

Communications Protocol 

Data Transition or Change. Data changes on the 
SDA line must only occur when the SCL clock is 
low. SDA transitions while the clock is high are used 
to identify START or STOP conditions. 

Start Condition. START is identified by a high to 
low transition of the data bus SDA signal while the 
clock SCL is stable in the high state. A START 
condition must precede any command for data 
transfer. Except during a programming cycle, the 
ST25C08 continuously monitors the SDA and SCL 
signals for a START condition and will not respond 
unless one is given. 

Stop Condition. STOP is identified by a low to high 
transition of the data bus SDAsignal while the clock 

SCL is stable in the high state. A STOP condition 
terminates communication between the ST25C08 
and the bus master and forces the device into the 
standby power state. 

Acknowledge Bit. An acknowledge signal is used 
to indicate a successful! data transfer. The bus 
transmitter, either master or slave, will release the 
SDA bus after sending 8 bits of data. During the 9th 
clock pulse the receiver pulls the SDA bus low to 
acknowledge the receipt of the 8 bits of data. 

Data Input. During data input the ST25C08 sam­
ples the SDA bus signal on the rising edge of the 
clock SCL. For correct device operation the SDA 
signal must be stable during the clock low to high 
transition and the data must change ONLY when 
the SCL line is low. 

Memory Addressing 

To start communication between the master and 
the slave ST25C08, the master must initiate a 
START condition. Following this the master sends 
onto the SDA bus line 8 bits (MSB first) correspond­
ing to the device select code, block select bits and 
a READ or WRITE instruction. 

The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
12C bus definition. For the ST25C08 these are fixed 
as 1010b (OAh). 

The following bit identifies the specific ST25C08 on 
the bus. It is matched to the chip enable signal E. 
Thus up to 2 ST25C08's can be connected on the 
same bus giving a memory capacity total of 16k 
bits. After a START condition all ST25C08's on the 
bus will identify the device code and compare the 
following bit to the chip enable inputs E. If a match 
is found the corresponding ST25C08 will acknowl­
edge the identification on the SDA bus during the 
9th bit time. 

The 6th and 7th bits sent select one of the four 
blocks of 256 bytes of the memory, effectively 
acting as memory addresses A9 and AS (A7 - AO 
byte addresses are sent later). 

The 8th bit sent is the read or write bit (RW), this 
bit is set to '1' for read and '0' for write operations. 

-------------~ ~itm•~O!~©~ ____________ 7:..:./.:..::.10 
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DEVICE OPERATION (cont'd) 

Write Operation 

The Multibyte Write mode is available when the 
MODE signal is at V1H and the Page Write mode 
when this signal is at V1L. The MODE signal may 
be driven dynamically with CMOS input levels. The 
Byte Write mode is independant of the state of the 
MODE signal and the pin could be left floating if 
only this mode was to be used. However it is 
recommended that the signal is connected to either 
V1H or V1L. 

Following a START condition_lhe master sends a 
device select code with the RW bit reset to '0'. The 
ST25C08 acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac­
cess to any of the 256 bytes in the selected block 
of the memory. After receipt of the byte address the 
ST25C08 again responds with an acknowledge. 

Byte Write. In the Byte Write mode the master 
sends one data byte, this is acknowledged by the 
ST25C08. The master then terminates the transfer 
by generating a STOP condition. 

Multibyte Write. For the Multibyte mode the 
MODE signal must be at V1H. The Multi byte Write 
mode can be started from any address in the 
memory. The master sends from one up to 8 bytes 
of data, which are each acknowledged by the 
ST25C08. The transfer is terminated by the master 
generating a STOP condition. 

Page Write. For the Page mode the MODE signal 
must be at V1L. The Page Write mode allows up to 
16 bytes to be written in a single write cycle, 
provided that they are all located in the same 'row' 
in the memory: that is the 5 most significant mem­
ory address bits (A9-A5) are the same. 

The master sends from 1-16 bytes of data, which 
are each acknowledged by the ST25C08. After 
each byte is transfered, the internal byte address 
counter ( 4 least significant bits only) is incre­
mented. The transfer is terminated by the master 
generating a STOP condition. Care must be taken 
to avoid address counter 'roll-over' which could 
result in data being overwritten. 

For any write mode the generation by the master 
of the STOP condition starts the internal memory 
program cycle. All inputs are disabled until the 
completion of this cycle and the ST25C08 will not 
respond to any request. The duration of this cycle 
is tw = 1 Oms maximum except when, in the Multi­
byte Write mode, bytes are accessed that are on 
different rows (that is have different values for the 
5 most significant address bits), when the program­
ing time is doubled to a maximum of 20ms. 

Read Operation 
Read operations are independent of the state of the 
MODE signal. 

Current Address Read. The ST25C08 has an 
internal byte address counter. Each time a byte is 
read, this counter is incremented. For the Current 
Address Read mode, following a START conditio.!!,_ 
the master sends a memory address with the RW 
bit set to '1 '.The ST25C08 acknowledges this and 
immediately outputs the byte addressed by the 
internal byte address counter. This counter is then 
incremented. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 

Random Address Read. A dummy write is per­
formed to load the byte address into the memory. 
This is followed by another START condition from 
the master and the byte address repeated with the 
RW bit set to '1 '.The ST25C08 acknowledges this 
and immediately outputs the byte addressed. The 
master does NOT acknowledge the byte output, 
but terminates the transfer with a STOP condition. 
Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad­
dress Read. However in this case the master 
DOES acknowledge the data byte output and the 
ST25C08 continues to output the next byte in se­
quence. To terminate the stream of bytes the mas­
ter must NOT acknowledge the last byte output, but 
must generate a STOP sequence. The output data 
is from consecutive byte addresses, with the inter­
nal byte address counter automatically incre­
mented after each byte output. After a count of 
1 024 the address counter will 'roll-over' and the 
memory will continue to output data. 

Acknowledge In Read Mode. In all read modes 
the ST25C08 waits for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the ST25C08 terminates the 
data transfer and switches to a receiver state. The 
STOP condition is used only in the WRITE modes 
to initiate the write cycle and is ignored in the READ 
modes. 

:=:81~10"-------------- ~ ~~©I!:&~~~~~~ --------------
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Figure 8. Write Modes Sequence 

BYTE 
WRITE 

MULTIBYTE 
AND 

ACK ACK ACK n 1~: ~D:Ev~; ~~~L~: I~ I :sr~E >r9R: Ill : :D+ Tf :~~ : II I n 
START RW STOP 

ACK ACK ACK 

PAGE WRITE 
n I""'TI :"'T"'D;Ev ....... : ~-r-~L..,....,: II I II :s7~<A?9R: Ill :~At~ I~>: II r-rl :-r-D~'T""~AI"'T: 10 :~:~ 
START RW 

ACK ACK 

~:JII P~T~:~~ :N: II. n 
STOP VA00793 

Figure 9. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

NO 
ACK ACK 

0 .... , ;-qE-Y ,..,.;s~-< ....... ,Ill! ;o~tA; qu!; jl L.D 
START RW STOP 

ACK ACK ACK ACK 

0 .... , ;~qE ....... Y ;s-~L~; 1 1~11 ;sr~<A:o9R; 110 I ; qEy f~< 11111 ; D;AtA; 9u;r; 11 L.D 
START RW START RW STOP 

NO 
ACK ACK ACK ACK 

0 ~, ;-qE-Y ...... ;s~-< ...,.....,,1111 HT~ ;o~~ j II c~:~~ ~~:~J 119~Tf P~T; 01 1 L.D 
START RW STOP 

START RW START RW 

NO 
ACK ACK 

:~:~J lj 9~T+ p~T; 0 jl L.D 
STOP VA00794 

----------lifi ~itm•l~~li ----------=9:_:..;:_'10 
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ST25C08 

ORDERING INFORMATION 

Example: ST25C08 8 

Temperature Range 

1 Oto70°C 

3 -40 to 125 oc 
6 -40 to 85 oc 

Parts are shipped with the memory content set at all "1 's" (OFFh). 
For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 
For further information on any aspect of this device, please contact our Sales Office nearest to you . 

..:..:10::../1.:..::0:...._ __________ iifi ~~©lH~~~~~~ -------------
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ST93C06 

SERIAL ACCESS CMOS 256 bit (16 x 16 or 32 x 8) EEPROM 

• MINIMUM 1,000,000 ERASE/WRITE CYCLES, 
WITH OVER 1 0 YEARS DATA RETENTION 

• DUAL ORGANISATION: 16 x 16 or 32 x 8 
• BYTE/WORD AND CHIP PROGRAMMING IN­

STRUCTIONS 
• SELF-TIMED PROGRAMMING CYCLE WITH 

AUTO-ERASE . . 

• BUSY/READY SIGNAL DURING PROGRAM-
MING 

• SINGLE 5V ±1 0% SUPPLY VOLTAGE 
• SEQUENTIAL READ OPERATION 
• 5ms TYPICAL PROGRAMMING TIME 

DESCRIPTION 

The ST93C06 is a 256 bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON's High Endurance Single Poly­
silicon CMOS technology. The memory is ac­
cessed by a simple serial interface. 

The 256 bit memory is divided into either 16 x 16 
bit words or 32 x 8 bit bytes. The organisation may 
be selected by a signal on the ORG input. 

The memory is accessed by a set of instructions 
which includes Read, Write, Erase, Erase All and 
Write All. A Read instruction loads the address of 
the first word/byte to be read into an internal ad­
dress pointer. The data is then clocked out serially. 
The address pointer is automatically incremented 
after the data is output and it is possible, if the Chip 
Select input is held High, to output a sequential 

Table 1. Signal Names 

s Chip Select Input 

D Serial Data Input 

Q Serial Data Output 

c Serial Clock 

ORG Organisation Select 

Vee Supply Voltage 

Vss Ground 

May 1992 

PSDIPB (B) 
0.4mm Frame 

Figure 1. Logic Diagram 

Vee 

I 
D -

c -

ST93C06 
s -

ORG -

I 
Vss 

8~ 
1 

PSOB (M) 

1--0 

VAOOB16 

1/9 
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ST93C06 

Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST93C06 ST93C06 

s[lls Vee 
C 2 7 DU 

D 3 6 ORG 
o 4 5 v55 

s[]s Vee 
C 2 7 DU 

D 3 6 ORG 
o 4 5 v55 

VA00817 VA00818 

Warning: DU =Don't Use Warning: DU =Don't Use 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto 70 
grade 3 -40 to 125 oc 
grade 6 -40 to 85 

TsTG Storage Temperature -65 to 150 oc 
TLEAD Lead Temperature, Soldering (PS08 package) 40sec 215 oc 

(PSDIP8 package) 10 sec 260 

V1o Input or Output Voltages -o.3to 6.5 v 
Vee Supply Voltage -Q.3 to 6.5 v 
VESD Electrostatic Discharge Voltage (Human Body model) 2000 v 

Note: Except for the rat1ng "Operating Temperature Range", stresses above those listed 1n the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress rat1ngs only and operafion of the device at these or any other conditions above those 
1nd1cated 1n the Operat1ng sections of th1s specification 1s not 1m plied. Exposure to Absolute Max1mum Rat1ng cond1t1ons for extended periods 
may affect dev1ce reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

DESCRIPTION (cont'd) 

stream of data words/bytes. In this way the memory 
can be read as a continuous data stream from 16 
to 256 bits long. 

Programming is internally self-timed and does not 
require an erase cycle prior to the write instruction. 
The Write instruction writes 16 or 8 bits at one time 
into one of the 16 words or 32 bytes. After the start 
of the programming cycle a Busy/Ready signal is 
available on the Data Output when Chip Select is 
High. 

An internal feature of the ST93C06 provides 
Power-on Data Protection by inhibiting operation 
when the Supply is too low. This feature is particu­
larly usefull when powering up the chip. 

The design of the ST93C06 and the High Endur­
ance CMOS technology used for its fabrication give 
a minimum Erase/Write cycle Endurance of 
1 ,000,000 cycles and a data retention of over 10 
years. 

The DU (Don't Use) pin does not affect the function 
of the memory and it is reserved for use by SGS­
THOMSON during test sequences. The pin may be 
left unconnected or may be connected to any volt­
age between Vss and Vee. 

=2'-=-9------------I::Y ~itm•~~~ -------------
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MEMORY ORGANISATION 

The ST93C06 is organised as 16 words x 16 bits 
or 32 bytes x 8 bits. If the ORG input is left uncon­
nected or connected to the Supply (Vee) the x16 
organisation is selected, when ORG is connected 
to Ground (Vss) the x8 organisation is selected. 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input Timing Reference Voltages 

Output Timing Reference Voltages 

s 2Dns 

0.4V to 2.4V 

Wto 2.0V 

0.8Vto2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Table 3. Capacitance (TA = 25 oc, f = 1 MHz) 

Symbol Parameter 

c,N Input Capacitance 

CouT Output Capacitance 

Note: Th1s parameter IS sampled only and not tested 100%. 

Table 4. DC Characteristics 

ST93C06 

POWER-ON DATA PROTECTION 

During power-up operations are inhibited until the 
Supply (Vee) has reached a level between 2.5V 
and 3.5V. At power down operation in inhibited 
when the Supply falls to below between 3V and 2V. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 
~2V 

~0.8V 
0.4V 

INPUT OUTPUT 
VA00815 

Test Condition Min Max Unit 

V1N = OV 5 pF 

VouT= OV 5 pF 

(TA = 0 to 70 oc, -40 to 85 oc or-40 to 125 oc; Vee= SV ± 10%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current ov $ v,N $Vee 2 J.lA 

ILo Output Leakage Current OV S VouT S Vee 2 J.lA 

Icc 
Supply Current (TIL Inputs) S = V1H, I= 1 MHz 3 mA 

Supply Current (CMOS Inputs) S = V1H, I = 1 MHz 2 mA 

leet Supply Current (Standby) S = OV 50 J.lA 

V1L Input Low Voltage -0.1 0.8 v 

VtH Input High Voltage 2 Vee+ 1 v 

loL= 3mA 0.4 v 
VoL Output Low Voltage 

loL = 10 J.lA 0.2 v 

loH = --400J.1A 2.4 v 
VoH Output High Voltage 

loH = -10J.1A Vee- 0.2 v 

---------------------------~~~~@~~:a~------------------------~3~/9 
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ST93C06 

Table 5. AC Characteristics 
(TA = 0 to 70 ac, -40 to 85 ac or -40 to 125 ac; Vee= 5V ± 10%) 

Symbol Alt Parameter Test Condition Min Max 

lsHCH tess Chip Select High to Clock High 50 

tovcH I DIS Input Valtd to Clock High 100 

tcHDX lotH Clock High to Input Transition 
grade 1 100 

grade 3 and 6 200 

lcHOL tpoo Clock High to Output Low 500 

tcHOV !pot Clock High to Output Valid 500 

tcLSX tcsH Clock Low to Chip Select Transition 0 

tsLSH tcs Chip Select Low to Chip Select High Note 1 250 

ISHQV tsv Chip Select High to Output Valid 500 

lsLOZ toF Chip Select Low to Output Hi-Z 100 

ICHCL lsKH Clock High to Clock Low Note 2 250 

ICLCH tsKL Clock Low to Clock High Note2 250 

tw twp Erase/Write Cycle time 10 

fc fsK Clock Frequency 0 1 

Notes: 1. The Clock frequency specification calls for a minimum clock period of 1 flS, therefore the sum of the timings tcHcL + lcLcH 
must be greater or equal to 1 flS· For example, if tcHCL 1s 250 ns, then tcLcH must be at least 750 ns. 

2. Chtp Select must be brought low for a mintmum of 250 ns (tsLsH) between consecutive mstruct1on cycles. 

Figure 4. Syncrounus Timing, Start and Op-Code Input 

c 

s 
tDVCH tCH D X -f-----1-

----- - t--- -!r---"""'T"-----..,...-----.r----.....----.1.--
D START 0P CODE ______ "T __ _ 

, 

:.-sTART--_..,.__ ___ ~op CODE INPUT 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

MHz 

VA00819 

..;,:4/-=-9 ____________ ~ ~i~©m~~~~~ --------------
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Figure 5. Syncronous Timing, Read or Write 

c 

s 

I 

--' 

~--!4-- tDVCH 

,---
1 - _, 

ST93C06 

D --~-----

--~-----
~1----14- tCHQV 

Q 

' 
Hi-Z 

~-- ADDRESS INPUT ----.: 

c --, r-'1 ;--­
\__j \.. __ , 

s 

D 

Q 

:.--- ADDRESS / DATA INPUT --: 

~---DATA OUTPUT-----: 

VA00820 

~H-tSHOV ~i-----1- t S L 0 Z 

__ B~~~- ~READY~ 
tW ! 

' 
~ WRITE CYCLE -.: 

VA00821 

~ SCS·THOMSON 5/9 -------------- •""!I lhlilflli'::M(<ll~lllili':lim©O'!Oii':® -------------= 
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ST93C06 

INSTRUCTIONS 

The ST93C06 has seven instructions which are 
shown in Table 3. The op-codes of the instructions 
are made up of 4 bits, preceded by a start bit which 
is always at logic '1 '. Some instructions use only 
the first two bits and ignore the last two, others use 
all four bits to define the op-code. The op-code is 
followed by an address for the word/byte which is 
made up of four bits for the x16 organisation or five 
bits for the x8 organisation. 

The start sequence starts with the Chip Select 
signal going High. The first clock pulse after Chip 
Select has gone High is ignored by the ST93C06, 
and the Data Input is sampled on the second and 
third Clock pulses. Even though the first clock pulse 
after Chip Select going High is ignored, it is recom­
mended to establish the Data Input at Low during 
this first clock pulse in order to have the same 
timing reference as other ST93CXX series devices. 
A start condition is recognised when the Data Input 
is '1' and this synchronises the internal circuits of 
the memory. 

Read 

The Read instruction (READ) outputs serial data 
on the Data Output. When a READ instruction is 
received, the instruction and address are decoded 
and the data from the memory is transferred into 
an output shift register. A dummy ·o· bit is output 
first followed by the 16 bit word or 8 bit byte with 
the MSB first. Output data changes follow the Low 
to High transition of the Clock. The memory will 
automatically increment the address and will clock 
out the next word/byte as long as the Chip Select 
line is held High. In this case the dummy '0' bit is 
NOT output between words/bytes and a continu­
ous stream of data can be read. 

Table 6. Instruction Set 

Instruction Description Op-Code 

READ Read Data from memory 10XX 

WRITE Write Data to memory 01XX 

EWEN Erase/Write Enable 0011 

EWDS Erase/Write Disable 0000 

ERASE Erase Byte or Word 11XX 

ERAL Erase All 0010 

WRAL Write All with Data 0001 

Note: X5-XO or X4-XO are dummy addresses 

Erase/Write Enable and Disable 

Programming instructions must be preceded by an 
Erase/Write Enable instruction (EWEN). When 
power is first applied to the ST93C06 programming 
is inhibited. When the EWEN instruction is exe­
cuted programming remains enabled until an 
Erase/Write Disable instuction (EWDS) is executed 
or Vee falls below the power-down threshold. 

The EWDS instruction can be used to protect data 
against accidental disturbance by noise on the data 
busses. It should be used following all program­
ming instructions. 

The READ instruction is not affected by the EWEN 
or EWDS instructions. 

Erase 

The Erase instruction (ERASE) programs the ad­
dressed memory word or byte bits to '1 '. After the 
address the falling edge of the Chip Select starts a 
self-timed programming cycle. During the cycle the 
state of the Data Output signal indicates Busy('O') 
or Ready('1 ') after Chip Select is returned to High. 

Write 

The Write instruction (WRITE) is followed by the 
address and the 8 or 16 data bits to be written. Data 
input is made on the Low to High transition of the 
clock. After the last data bit has been input, Chip 
Select is brought Low to start the programming 
cycle. During the cycle the state of the Data Output 
signal indicates Busy('O') or Ready('1 ') after Chip 
Select is returned High. 

Erase All 

The Erase All instruction (ERAL) erases the whole 
memory. Using this instruction the entire memory 
content can be erased to '1 '. A dummy address is 

x80rg Data x16 Org Data Address Address 

A4-AO 07-00 A3-AO 015-00 

A4-AO D7-DO A3-AO D15-DO 

X4-XO X3-XO 

X4-XO X3-XO 

A4-AO A3-AO 

X4-XO X3-XO 

X4-XO D7-DO X3-XO D15-DO 

=6'=-9 ____________ ~ ~~mg::~~~ ____________ _ 
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ST93C06 

Figure 6. READ, WRITE, EWEN, EWDS Sequence 

READ S J L_ 

Q rc;n-=-,-,-,-,-,-,-,-,-,-~ 

L.......L~-1-..1......1-1-I_I_I_I_I_I_I_I_~ 
OP 
CODE ADDR DATA OUT 

WRITE S J u L 
CHECK 
STATUS D f,ln~~~-A~-,-,-,~,-,-,-,-,-,-~ 

~I LJ I ~-~-~-I-I_I_I_I_I_I-I-I-L--...I-1.....1.-!------!--

Q ___,;...._----.;,..._.___,;....__ __ ____,;.....;L___jf-
OP · · : 
CODE ADDR : DATA IN :BUSY: READY: 

J L ERASE S 
WRITE 
ENABLE 

D ~~:~L 

INSTRUCTION (cont'd) 

OP 
CODE 

input during the instruction transfer and the erase 
is made in the same way as the ERASE instruction 
above. 

Write All 

The Write All instruction (WRAL) writes the Data 
Input word or byte to all addresses of the memory. 
In the WRAL instruction NO automatic erase is 
made so all words/bytes must be erased before 
the WRAL instruction. So for correct operation an 
ERAL instruction should be used before the WRAL 
instruction. 

Busy/Ready Status 

During every programming cycle (after a Write, 
Erase, Write All or Erase All instruction) the Data 

ERASE 
WRITE 
DISABLE 

s J L 
D~~:~a_ 

: OP : 
: CODE : 

VAOOB22 

Output indicates the Busy/Ready status of the 
memory. The output is available after the Chip 
Select is returned to High. A '0' indicates Busy and 
a '1' Ready. A '1' indicates that the word/byte at the 
location addressed, or all of the memory for ERAL 
and WRAL instructions, has been programmed and 
the memory is ready for another instruction. After 
the memory is ready, the Data Output '1' will disap­
pear when a new start bit is input or the Chip Select 
is brought Low. 

COMMON 1/0 OPERATION 

The Data Output (Q) and Data Input (D) signals can 
be connected together to form a common, one wire 
data bus. Some precautions must be taken when 
operating the memory with this connection, please 
refer to the SGS-THOMSON application note 
"EEPROM Common 1/0 Operation". 

r=-= SGS·lHOMSON 7/9 -------------- A""JI li:J:DI!:rnli!B~~m©'im:l©i!JDI!:® _____________ :.:..::. 

459 



ST93C06 

Figure 7. ERASE, ERAL Sequence 

ERASE S J u L 

ERASE 
ALL 

CHECK 
STATUS 

D _j1 1111 ~~:~AL..;D]..L...; ____ _;__ 

Q --~~--~L_j L_ 
: OP 
' ADDR :,BUSY:,READY:, :CODE , , 

s J u L 
CHECK 
STATUS 

D ~~:~x§L..L-,;_ ____ _,_ __ 

Q 

OP 
CODE 

L 

VA00823 

Figure 8. WRAL Sequence 

WRITE 
ALL 

s J u 
D f7ln n ni:T'Jn-,-X~-,-,-,-,-,-,-,-,-,-~ 

---t.J I~ I ~-~-~-l-l-l-l-l-I-I-I-I-L---'-L....l,_,_ ____ _;_ _ 

Q _ ....:_ __ : __ ___;_: ------------....;....j_J L 
: OP :DUMMY: 
: CODE : ADDR : DATA IN :BUSY] READY: 

VA00824 

8/9 r=-= SGS·lHOMSON =------------ Jt."!'l llllQQ:;OO@~~~©illlil@lilO©!'i --------------

460 



ORDERING INFORMATION 

Example: ST93C06 

Package 

8 PSDIPB 
0.4mm Frame 

M PSOB 

M 013TR 

Temperature Range 

1 Oto70°C 

3 -40 to 125 oc 
6 -40 to 85 oc 

Parts are shipped with the memory content set at all "1's" (OFFFFh for x16, OFFh for x8). 

ST93C06 

For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 
For further information on any aspect of this device, please contact our Sales Office nearest to you. 

-------------~ ~!i©lH~~~~~ ---------------=9=/9 
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ST93C46A 
ST93C46T 

SERIAL ACCESS CMOS 1 K bit (64 x 16 or 128 x 8) EEPROM 

• MINIMUM 1 ,000,000 ERASE/WRITE CYCLES, 
WITH OVER 1 0 YEARS DATA RETENTION 

• DUAL ORGANISATION: 64 x 16 or 128 x 8 
• BYTE/WORD AND CHIP PROGRAMMING IN­

STRUCTIONS 
• SELF-TIMED PROGRAMMING CYCLE WITH 

AUTO-ERASE 
• BUSY/READY SIGNAL DURING PROGRAM-

MING 
• SINGLE 5V ±1 0% SUPPLY VOLTAGE 
• SEQUENTIAL READ OPERATION 
• 5ms TYPICAL PROGRAMMING TIME 

DESCRIPTION 

The ST93C46 is a 1 K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON's High Endurance Single Poly­
silicon CMOS technology. The memory is ac­
cessed by a simple serial interface. 

The 1 K bit memory is divided into either 64 x 16 bit 
words or 128 x 8 bit bytes. The organisation may 
be selected by a signal on the ORG input. 

The memory is accessed by a set of instructions 
which includes Read, Write, Erase, Erase All and 
Write All. A Read instruction loads the address of 
the first word/byte to be read into an internal ad­
dress pointer. The data is then clocked out serially. 
The address pointer is automatically incremented 
after the data is output and it is possible, if the Chip 

Table 1. Signal Names 

s Chip Select Input 

D Serial Data Input 

Q Serial Data Output 

c Serial Clock 

ORG Organisation Select 

Vee Supply Voltage 

Vss Ground 

May 1992 

.~ 
PSDIPB (B) 

0.4mm Frame 
PSOB (M) 

Figure 1. Logic Diagram 

Vee 

I 

D -
-0 

c - ST93C46A 

s - ST93C46T 

ORG -

I 
Vss 

VA00871 

1/8 
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ST93C46A,ST93C46T 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 0 to 70 
grade 3 --40 to 125 oc 
grade 6 --40 to 85 

TsrG Storage Temperature -65 to 150 oc 
TLEAD Lead Temperature, Soldering (PSOB package) 40 sec 215 oc 

(PSDIPB package) 10 sec 260 

Vro Input or Output Voltages -0.3 to 6.5 v 
Vee Supply Voltage -D.3 to 6.5 v 
VESD Electrostatic Discharge Voltage (Human Body model) 2000 v 

Note: Except for the rat1ng "Operatmg Temperature Range", stresses above those listed m the Table "Absolute Max1mum Rat1ngs" may cause 
permanent damage to the devJce These are stress rat1ngs only and operat10n of the dev1ce at these or any other conditions above those 
indicated in the Operating sections of this spectf1cation is not implied. Exposure to Absolute Max1mum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 

Figure 2A. DIP Pin Connections 

ST93e46A s[]s vee e 2 7 DU 
D 3 6 ORG 
o 4 5 Vss 

VA00872 

Warning: DU =Don't Use 

Figure 2C. SO Pin Connections 

ST93e46A 

sus Vee e 2 7 DU 
D 3 6 ORG 
o 4 5 Vss 

VA00874 

Warning: DU =Don't Use 

Figure 28. DIP, goo Turn, Pin Connections 

ST93e46T 

DU[]8 ORG 
Vee 2 7 Vss 

s 3 6 Q 
e 4 5 D 

VA00873 

Warning: DU = Don't Use 

DESCRIPTION (cont'd) 

Select input is held High, to output a sequential 
stream of data words/bytes. In this way the memory 
can be read as a continuous data stream from 16 
to 1024 bits long. 

Programming is internally self-timed and does not 
require an erase cycle prior to the write instruction. 
The Write instruction writes 16 or 8 bits at one time 
into one of the 64 words or 128 bytes. After the start 
of the programming cycle a Busy/Ready signal is 
available on the Data Output when Chip Select is 
High. 

An internal feature of the ST93C46 provides 
Power-on Data Protection by inhibiting operation 
when the Supply is too low. This feature is particu­
larly useful! when powering up the chip. 

2/8 t=': SGS·THOMSON =-------------- A.""fl ffiJJu©oo©~~m©'D'DJ©Itl:u©" ----------------
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DESCRIPTION (cont'd) 

The design of the ST93C46 and the High Endur­
ance CMOS technology used for its fabrication give 
a minimum Erase/Write cycle Endurance of 
1 ,000,000 cycles and a data retention of over 10 
years. 

The DU (Don't Use) pin does not affect the function 
of the memory and it is reserved for use by SGS­
THOMSON during test sequences. The pin may be 
left unconnected or may be connected to any volt­
age between Vss and Vee. 

MEMORY ORGANISATION 

The ST93C46 is organised as 64 words x 16 bits 
or 128 bytes x 8 bits. If the ORG input is left 
unconnected or connected to the Supply (Vee) the 
x16 organisation is selected, when ORG is con­
nected to Ground (Vss) the x8 organisation is 
selected. 

POWER-ON DATA PROTECTION 

During power-up, operations are inhibited until the 
Supply (Vee) has reached a level between 2.5V 
and 3.5V. At power down operation in inhibited 
when the Supply falls to below between 3V and 2V. 

Table 3. Capacitance (T A = 25 oc, f = 1 MHz ) 

Symbol Parameter 

C1N Input Capacitance 

GouT Output Capacitance 

Note: This parameter is sampled only and not tested 1 00%. 

Table 4. DC Characteristics 

ST93C46A,ST93C46T 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input Timing Reference Voltages 

Output Timing Reference Voltages 

:s; 20ns 

0.4Vto 2.4V 

1Vto 2.0V 

0.8Vto 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 
~2V 
~o.sv 

0.4V 
INPUT OUTPUT 

VA00815 

Test Condition Min Max Unit 

V1N = OV 5 pF 

VouT= OV 5 pF 

(TA = 0 to 70 °C, -40 to 85 °C or-40 to 125 oc; Vee= 5V ± 10%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV:s;VIN:s;Vcc 2.5 J.lA 

ILO Output Leakage Current OV :s; VouT :s; Vee 2.5 J.lA 

Icc 
Supply Current (TTL Inputs) S = V1H, f = 1 MHZ 3 mA 

Supply Current (CMOS Inputs) S = V1H, f = 1 MHz 2 mA 

lcc1 Supply Current (Standby) S=OV 50 J.lA 

V1L Input Low Voltage -o.1 0.8 v 
V1H Input High Voltage 2 Vee+ 1 v 

VoL Output Low Voltage 
loL= 2.1mA 0.4 v 
loL= 10 11A 0.2 v 

VoH Output High Voltage 
loH=-400J.lA 2.4 v 
loH=-10J.!A Vcc-0.2 v 

------------- i.V ~i~©m~~~~ ___________ ......::3='8 
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ST93C46A,ST93C46T 

Table 5. AC Characteristics 
(TA = 0 to 70 oc, -40 to 85 oc or -40 to 125 °C; Vee= 5V ± 10%) 

Symbol A It Parameter Test Condition Min Max 

tsHCH tess Chip Select High to Clock High 50 

tovcH t01s Input Valid to Clock High 100 

Clock High to Input Transition 
grade 1 100 

tcHDX to1H 
grade 3 and 6 200 

tcHOL tpoo Clock High to Output Low 500 

tcHQV tPD1 Clock High to Output Valid 500 

tcLSX tcsH Clock Low to Chip Select Transition 0 

tsLSH tcs Chip Select Low to Chip Select High Note 1 250 

tsHOV tsv Chip Select High to Output Valid 500 

tsLQZ toF Chip Select Low to Output Hi-Z 100 

tcHCL lsKH Clock High to Clock Low Note2 250 

tcLCH lsKL Clock Low to Clock High Note2 250 

tw twp Erase/Write Cycle time 10 

fc fsK Clock Frequency 0 1 

Notes: 1. The Clock frequency specifica~on calls for a minimum clock period of 1 J.!S, therefore the sum of the timings lcHcL + lcLcH 
must be greater or equal to 1 J.lS. For example, if tcHcL is 250 ns, then tcLcH must be at least 750 ns. 

2. Chip Select must be brought low for a minimum of 250 ns {lsLsH} between consecutive instruction cycles. 

Figure 4. Syncrounus Timing, Start and Op-Code Input 

c 

s 
-.J----+-1-._ tDVCH tCHDX 

D START 

' --i START ~ OP CODE INPUT --i 
' ' 

VA00875 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

MHZ 
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Figure 5. Syncronous Timing, Read or Write 

c 

s 

D 

0 

c 

s 

:---- ADDRESS INPUT -------..: 
' ' 

,---
1 

--1 

ST93C46A,ST93C46T 

:-----DATA OUTPUT---_.. 

VA00820 

--.[--114-- tDVCH tCHD X -1--l-

D ~ ~ J An [ ~ ~ ~ ~ ~ 1 ..___A_o_/_D_o-!\:..-:+-+~-=--ts_L_s_H ____ +---

0 
Hi-Z 

' ' 
' 

tW 
' 

:.- ADDRESS / DATA INPUT ---! ~ WRITE CYCLE --------...: 

INSTRUCTIONS 

The ST93C46 has seven instructions which are 
shown in Table 3. The op-codes of the instructions 
are made up of 2 bits, preceded by a start bit which 
is always at logic '1 '. Some instructions use only 
these first two bits, others use also the first two bits 
of the address to define the op-code. The op-code 
is followed by an address for the word/byte which 
is made up of six bits for the x16 organisation or 
seven bits for the x8 organisation. 

The start sequence requires the Chips Select and 
Data Input signals to be set up before a Low to High 
transition of the Clock. 

Read 

The Read instruction (READ) outputs serial data 
on the Data Output. When a READ instruction is 
received, the instruction and address are decoded 
and the data from the memory is transferred into 
an output shift register. A dummy '0' bit is output 

VA00821 

first followed by the 16 bit word or 8 bit byte with 
the MSB first. Output data changes follow the Low 
to High transition of the Clock. The memory will 
automatically increment the address and will clock 
out the next word/byte as long as the Chip Select 
line is held High. In this case the dummy '0' bit is 
NOT output between words/bytes and a continu­
ous stream of data can be read. 

Erase/Write Enable And Disable 

Programming instructions must be preceded by an 
Erase/Write Enable instruction (EWEN). When 
power is first applied to the ST93C46 programming 
is inhibited. When the EWEN instruction is exe­
cuted programming remains enabled until an 
Erase/Write Disable instuction (EWDS) is executed 
or Vee falls below the power-down threshold. 

The EWDS instruction can be used to protect data 
against accidental disturbance by noise on the data 
busses. It should be used following all program­
ming instructions. 

______________ ~ ~~~©m~~~~~ ____________ ___.cs:::./.::8 
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Table 6. Instruction Set 

Instruction Description Op-Code xB Org Data x16 Org Data Address Address 

READ Read Data from memory 10 A6-AO 07-QO A5-AO Q15-QO 

WRITE Wnte Data to memory 01 A6-AO D7-DO A5-AO D15-DO 

EWEN Erase/Write Enable 00 11XXXXX 11XXXX 

EWDS Erase/Write Disable 00 ooxxxxx OOXXXX 

ERASE Erase Byte or Word 11 A6-AO A5-AO 

ERAL Erase All 00 10XXXXX. 10XXXX 

WRAL Write All with Data 00 01XXXXX D7-DO 01XXXX D15-DO 

Note: X = dummy address bit. 

Figure 6. READ, WRITE, EWEN, EWDS Sequence 
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L...J.~....L....L.....I-1-1-1-1-1-1-1-1-1-~ 
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u L 
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_1_1_1_1_1_1_1_1_1_~ 
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CODE 

:oP: 
CODE 

L 
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WRITE 
DISABLE 

s J L 
D~~:~L 

: op: 
CODE 
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INSTRUCTIONS (cont'd) 

The READ instruction is not affected by the EWEN 
or EWDS instructions. 

Erase 

The Erase instruction (ERASE) programs the ad­
dressed memory word or byte bits to '1 '.After the 
address the falling edge of the Chip Select starts a 
self-timed programming cycle. During the cycle the 
state of the Data Output signal indicates Busy('O') 
or Ready('1 ') after Chip Select is returned to High. 

Write 

The Write instruction (WRITE) is followed by the 
address and the 8 or 16 data bits to be written. Data 
input is made on the Low to High transition of the 
clock. After the last data bit has been input, Chip 
Select is brought Low to start the programming 
cycle. During the cycle the state of the Data Output 
signal indicates Busy('O') or Ready('1 ') after Chip 
Select is returned High. 

Erase All 

The Erase All instruction (ERAL) erases the whole 
memory. Using this instruction the entire memory 
content can be erased to '1 '. A dummy address is 
input during the instruction transfer and the erase 
is made in the same way as the ERASE instruction 
above. 

Figure 7. ERASE, ERAL Sequence 

ERASE S J 

ST93C46A,ST93C46T 

Write All 

Thi Write All instruction (WRAL) writes the Data 
Input word or byte to all addresses of the memory. 
In the WRAL instruction NO automatic erase is 
made so all words/bytes must be erased before 
the WRAL instruction. So for correct operation an 
ERAL instruction should be used before the WRAL 
instruction. 

Busy/Ready Status 

During every programming cycle (after a WRITE, 
Erase, Write All or Erase All instruction) the Data 
Output indicate the Busy/Ready status of the mem­
ory. The output is available alter the Chip Select is 
returned to High. A '0' indicates Busy and a '1' 
Ready. A '1' indicates that the word/byte at the 
location addressed, or all of the memory for ERAL 
and WRAL instructions, has been programmed and 
the memory is ready for another instruction. After 
the memory is ready, the Data Output '1' will disap­
pear when a new start bit is input or the Chip Select 
is brought Low. 

COMMON 1/0 OPERATION 

The Data Output (Q) and Data Input (D) signals can 
be connected together to form a common, one wire 
data bus. Some precautions must be taken when 
operating the memory with this connection, please 
refer to the SGS-THOMSON application note 
"EEPROM Common 1/0 Operation". 

u L 
CHECK 
STATUS 

o _j1'1'1 ~~:3._D]o.J.......;. ____ _;__ 

ERASE 
ALL 

Q 

:oP: ADDR :BUSY: READY: 
CODE 

s J u L 
CHECK 
STATUS 

o ~~:~@l._o.l. _ __,_ ____ _;_ __ 

Q 

. . 

:op: ADDR 
CODE 

VA00879 
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ST93C46A,ST93C46T 

Figure 8. WRAL Sequence 

WRITE 
ALL 

s J u 
D r::l" " "r:TJn_'_x~-,-,-,-,-,-,-,-,-,-:-:o:oJ 
~I~ I ~-~-~-I-I-I-I-I-I-I-I-I-L-...L..L....I,_;_ ____ __; __ 

Q --~--~~--------~LJ L 

: Qp: ADDR DATA IN :BUSY: READY: 
CODE 

VA00880 

ORDERING INFORMATION 

Example: ST93C46 A M 013TR 

Suffix Option 

A Standard pin out B 0 to 70 oc 013TR Tape & Reel 

T 90° Turn pin out -40 to 125 oc 
M PS08 

6 -40to85°C 

Parts are shipped with the memory content set at all "1's" (OFFFFh for x16, OFFh for x8). 

For a list of available options of Package and Temperature Range, refer to the Selector Guide in this Data 
Book or to the current Memory Shortform Catalogue. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

~8':.:::8------------ I.V ~itm~~tf~~©~ --------------
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ST93C56 

SERIAL ACCESS CMOS 2K bit (128 x 16 or 256 x 8) EEPROM 

• MINIMUM 1,000,000 ERASE/WRITE CYCLES, 
WITH OVER 1 0 YEARS DATA RETENTION 

• DUAL ORGANISATION: 128 x 16 or 256 x 8 
• BYTE/WORD AND CHIP PROGRAMMING IN­

STRUCTIONS 
• SELF-TIMED PROGRAMMING CYCLE WITH 

AUTO-ERASE 
• BUSY/READY SIGNAL DURING PROGRAM-

MING 
• SINGLE 5V ±1 0% SUPPLY VOLTAGE 
• SEQUENTIAL READ OPERATION 
• 5ms TYPICAL PROGRAMMING TIME 

DESCRIPTION 

The ST93C56 is a 2K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON's High Endurance Single Poly­
silicon CMOS technology. The memory is ac­
cessed by a simple serial interface. 

The 2K bit memory is divided into either 1 28 x 1 6 
bit words or 256 x 8 bit bytes. The organisation may 
be selected by a signal on the ORG input. 

The memory is accessed by a set of instructions 
which includes Read, Write, Erase, Erase All and 
Write All. A Read instruction loads the address of 
the first word/byte to be read into an internal ad­
dress pointer. The data is then clocked out serially. 
The address pointer is automatically incremented 
after the data is output and it is possible, if the Chip 
Select input is held High, to output a sequential 

Table 1. Signal Names 

s Chip Select Input 

D Serial Data Input 

Q Serial Data Output 

c Senal Clock 

ORG Organisation Select 

Vee Supply Voltage 

Vss Ground 

May 1992 

PSDIP8 (B) 
0.4mm Frame 

Figure 1. Logic Diagram 

Vee 

I 

D-

e-
ST93C56 

s -

ORG -

I 
Vss 

PS08 (M) 

1-- Q 

VA00881 

1/8 
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ST93C56 

Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST93e56 ST93e56 

sU]s Vee e 2 7 DU 
D 3 6 ORG 

o 4 s Vss 

s[]s Vee e 2 7 DU 
D 3 6 ORG 

o 4 s Vss 
VA00882 VA00883 

Warning: DU = Don't Use Warning: DU =Don't Use 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto 70 
grade 3 --40 to 125 oc 
grade 6 --40 to 85 

Tsm Storage Temperature --65 to 150 oc 

TLEAD Lead Temperature, Soldering (PS08 package) 40 sec 215 oc 
(PSDIP8 package) 10 sec 260 

Vro Input or Output Voltages -0.3 to 6.5 v 
Vee Supply Voltage -0.3 to 6.5 v 
VESD Electrostatic Discharge Voltage (Human Body model) 2000 v 

Note: Except for the ratrng ··operating Temperature Range··, stresses above those listed rn the Table ""Absolute Maximum Ratings·· may cause 
permanent damage to the device. These are stress ratrngs only and operatron of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied Exposure to Absolute Maximum Rating conditions for extended penods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 

DESCRIPTION (cont'd) 

stream of data words/bytes. In this way the memory 
can be read as a continuous data stream from 16 
to 2048 bits long. 

Programming is internally self-timed and does not 
require an erase cycle prior to the write instruction. 
The Write instruction writes 16 or 8 bits at one time 
into one of the 128 words or 256 bytes. After the 
start of the programming cycle a Busy/Ready signal 
is available on the Data Output when Chip Select 
is High. 

An internal feature of the ST93C56 provides 
Power-on Data Protection by inhibiting operation 
when the Supply is too low. This feature is particu­
larly useful! when powering up the chip. 

The design of the ST93C56 and the High Endur­
ance CMOS technology used for its fabrication give 
a minimum Erase/Write cycle Endurance of 
1 ,000,000 cycles and a data retention of over 10 
years. 

The DU (don't Use) pin does not affect the function 
of the memory and it is reserved for use by SGS­
THOMSON during test sequences. The pin may be 
left unconnected or may be connected to any volt­
age between Vss and Vee. 

::::.21_::8 ____________ ~ ~~~~mgmcf~~~ -------------
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MEMORY ORGANISATION 

The ST93C56 is organised as 128 words x 16 bits 
or 256 bytes x 8 bits. If the ORG input is left 
unconnected or connected to the Supply (Vee) the 
x16 organisation is selected, when ORG is con­
nected to Ground (Vss) the xB organisation is 
selected. 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input liming Reference Voltages 

Output Ttming Reference Voltages 

,;:; 20ns 

0.4Vto 2.4V 

1Vto2.0V 

0.8Vto2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Table 3. Capacitance (TA = 25 oc, f = 1 MHz) 

Symbol Parameter 

CtN Input Capacitance 

Cour Output Capacitance 

Note: This parameter IS sampled only and not tested 100% 

Table 4. DC Characteristics 

ST93C56 

POWER-ON DATA PROTECTION 

During power-up, operations are inhibited until the 
Supply (Vee) has reached a level between 2.5V 
and 3.5V. At power down operation in inhibited 
when the Supply falls to below between 3V and 2V. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 
~2V 

~0.8V 
0.4V 

INPUT OUTPUT 
VAOOB15 

Test Condition Min Max Unit 

VtN = OV 5 pF 

Vour= OV 5 pF 

(TA =0 to 70 oc, -40 to 85 oc or-40 to 125 oc; Vee =5V± 10%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current ov:;:;v,N,;:;Vcc 2.5 f!A 

ILO Output Leakage Current OV:;:;Vour:;:;Vcc 2.5 f!A 

Icc 
Supply Current (TTL Inputs) S = VtH, f = 1 MHz 3 rnA 

Supply Current (CMOS Inputs) S = VtH, f = 1 MHz 2 rnA 

lcc1 Supply Current (Standby) S=OV 50 !!A 
VtL Input Low Voltage -o.1 0.8 v 

VtH Input High Voltage 2 Vee+ 1 v 

VoL Output Low Voltage 
loL = 2.1mA 0.4 v 

loL = 10 f!A 0.2 v 

VoH Output High Voltage 
loH =-400f!A 2.4 v 

loH=-10f!A Vcc-0.2 v 
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Table 5. AC Characteristics 
(TA = 0 to 70 ac, -40 to 85 ac or -40 to 125 ac; Vee= 5V ± 10%) 

Symbol A It Parameter Test Condition Min Max 

ISHCH tess Chip Select High to Clock High 50 

tovcH I DIS Input Valid to Clock High 100 

ICHDX IDIH Clock High to Input Transition 
grade 1 100 

grade 3 and 6 200 

lcHOL lpoo Clock High to Output Low 500 

ICHQV IPD1 Clock High to Output Valid 500 

ICLSX tcsH Clock Low to Chip Select Transition 0 

tsLSH tcs Chip Select Low to Chip Select High Note 1 250 

tsHOV tsv Chip Select High to Output Valid 500 

lsLOz toF Chip Select Low to Output Hi-Z 100 

tcHCL tsKH Clock High to Clock Low Note2 250 

tCLCH tsKL Clock Low to Clock High Note2 250 

tw lwP Erase/Write Cycle time 10 

fc fsK Clock Frequency 0 1 

Notes: 1. The Clock frequency specif1cat1on calls for a minimum clock period of 1 J.lS, therefore the sum of the t1mings lcHcL + lcLcH 
must be greater or equal to 1 liS For example, if tcHcL IS 250 ns, then tcLcH must be at least 750 ns. 

2. Ch1p Select must be brought low for a m1mmum of 250 ns (tsLsH) between consecutive <nstructon cycles. 

Figure 4. Syncrounus Timing, Start and Op-Code Input 

c 

s 
-.r----;.--r.- tD VCH tCHDX 

D START 

' ' 
--.:START :- OP CODE INPUT --.: 

' ' 
VA00875 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

MHz 
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Figure 5. Syncronous Timing, Read or Write 
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ST93C56 

----DATA OUTPUT----

VA00820 

' ' tW ' 
' ' ' ' ' ' 

:---- ADDRESS / DATA INPUT -----..; 
' ' :---- WRITE CYCLE --------..: 

INSTRUCTIONS 

The ST93C56 has seven instructions which are 
shown in Table 6. The op-codes of the instructions 
are made up of 2 bits, preceded by a start bit which 
is always at logic '1 '. Some instructions use only 
these first two bits, others use also the first two bits 
of the address to define the op-code. The op-code 
is followed by an address for the word/byte which 
is made up of seven bits for the x16 organisation 
or eight bits for the x8 organisation. 

The start sequence requires the Chips Select and 
Data Input signals to be set up before a Low to High 
transition of the Clock. 

Read 

The Read instruction (READ) outputs serial data 
on the Data Output. When a READ instruction is 
received, the instruction and address are decoded 
and the data from the memory is transferred into 
an output shift register. A dummy '0' bit is output 

VA00821 

first followed by the 16 bit word or 8 bit byte with 
the MSB first. Output data changes follow the Low 
to High transition of the Clock. The memory will 
automatically increment the address and will clock 
out the next word/byte as long as the Chip Select 
line is held High. In this case the dummy '0' bit is 
NOT output between words/bytes and a continu­
ous stream of data can be read. 

Erase/Write Enable and Disable 

Programming instructions must be preceded by an 
Erase/Write Enable instruction (EWEN). When 
power is first applied to the ST93C56 programming 
is inhibited. When the EWEN instruction is exe­
cuted programming remains enabled until an 
Erase/Write Disable instuction (EWDS) is executed 
or Vee falls below the power-down threshold. 

The EWDS instruction can be used to protect data 
against accidental disturbance by noise on the data 
busses. It should be used following all program­
ming instructions. 

~ SC:S·DfOMSON 5/8 -------------- ._""fl llj]O©rni©rnll.l>©1i'OO©Ill0~ ----------------'= 
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Table 6. Instruction Set 

Instruction Description Op-Code x80rg Data x16 Org 
Address Address 

READ Read Data from memory 10 A8-AO Q7-QO A7-AO 

WRITE Write Data to memory 01 A8-AO D7-DO A7-AO 

EWEN Erase/Write Enable 00 11XXXXX 11XXXX 

EWDS Erase/Write Disable 00 OOXXXXX ooxxxx 
ERASE Erase Byte or Word 11 A8-AO A7-AO 

ERAL Erase All 00 10XXXXX 10XXXX 

WRAL Write All with Data 00 01XXXXX D7-DO 01XXXX 

Note: X= dummy address bit. 

Figure 6. READ, WRITE, EWEN, EWDS Sequence 

READ s J 
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INSTRUCTIONS (cont'd) 

The READ instruction is not affected by the EWEN 
or EWDS instructions. 

Erase 

The Erase instruction (ERASE) programs the ad­
dressed memory word or byte bits to '1 '.After the 
address the falling edge of the Chip Select starts a 
self-timed programming cycle. During the cycle the 
state of the Data Output signal indicates Busy('O') 
or Ready('1 ') after Chip Select is returned to High. 

Write 

The Write instruction (WRITE) is followed by the 
address and the 8 or 16 data bits to be written. Data 
input is made on the Low to High transition of the 
clock. After the last data bit has been input, Chip 
Select is brought Low to start the programming 
cycle. During the cycle the state of the Data Output 
signal indicates Busy('O') or Ready('1 ') after Chip 
Select is returned High. 

Erase All 

The Erase All instruction (ERAL) erases the whole 
memory. Using this instruction the entire memory 
content can be erased to '1 '. A dummy address is 
input during the instruction transfer and the erase 
is made in the same way as the ERASE instruction 
above. 

Figure 7. ERASE, ERAL Sequence 

ERASE S J 

ST93C56 

Write All 

The Write All instruction (WRAL) writes the Data 
Input word or byte to all addresses of the memory. 
The WRAL instruction works in the same way as 
WRITE and does not require a previous ERAL 
instruction. 

Busy/Ready Status 
During every programming cycle (after a Write, 
Erase, Write All or Erase All instruction) the Data 
Output indicates the Busy/Ready status of the 
memory. The output is available after the Chip 
Select is returned to High. A '0' indicates Busy and 
a '1' Ready. A '1' indicates that the word/byte at the 
location addressed, or all of the memory for ERAL 
and WRAL instructions, has been programmed and 
the memory is ready for another instruction. After 
the memory is ready, the Data Output '1' will disap­
pear when a new start bit is input or the Chip Select 
is brought Low. 

Common 110 Operation 

The Data Output (Q) and Data Input (D) signals can 
be connected together to form a common, one wire 
data bus. Some precautions must be taken when 
operating the memory with this connection, please 
refer to the SGS-THOMSON application note 
"EEPROM Common 1/0 Operation". 

u L 
CHECK 

STATUS 
D _j 1 I 1 I 1 E~:~A;Dl._.L...;_ ___ ;___ 

ERASE 
ALL 

Q -+----+-----+-L_j L_ 

;op; ADDR 
CODE 

;BUSY; READY; 

s J u L 
CHECK 
STATUS 

o ~~:~x§'--L._;_ _____ _ 

Q --+---;.---+-U L 

OP: ADDR :susY: READY: 
ODE 
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Figure 8. WRAL Sequence 

WRITE 
ALL 

s J u 
CHECK 
STATUS 

L 
D l,']n n n[";'f'7n-,-X~-,-,-,-,-,-,-,-,-,-:-o:ol 
~I~ I t..:;_,_~_I_I_I_I_I_J_I_I_I_L_...L..L..l,-----~-

Q --~--------------~LJ 
: op: ADDR 

CODE 

ORDERING INFORMATION 

Example: ST93C56 

0.4 mm Frame 

M PS08 

DATA IN 

M 013TR 

Temperature Range 

1 0 to 70 oc 013TR Tape & Reel 

3 -40 to 125 oc 
6 -40 to 85 oc 

Parts are shipped with the memory content set at all "1 's" (OFFFFh for x16, OFFh for x8). 

L 

VA00880 

For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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ST93CS46 

SERIAL ACCESS CMOS 1 K bit (64 x 16) EEPROM 

• MINIMUM 1,000,000 ERASE/WRITE CYCLES, 
WITH OVER 1 0 YEARS DATA RETENTION 

• SINGLE 3V TO 5.5V SUPPLY VOLTAGE 
• USER DEFINED WRITE PROTECT AREA 
• PAGE WRITE MODE (4 WORDS) 
• SELF-TIMED PROGRAMMING CYCLE WITH 

AUTO-ERASE 
• BUSY/READY SIGNAL DURING PROGRAM­

MING 
• SEQUENTIAL READ OPERATION 
• 5ms TYPICAL PROGRAMMING TIME 

DESCRIPTION 

The ST93CS46 is a 1 K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON's High Endurance Single Poly­
silicon CMOS technology. The memory is ac­
cessed by a simple serial interface. The 1 K bit 
memory is organised as 64 x 16 bit words. 

The memory is accessed by a set of instructions 
which includes Read, Write, Page Write, Write All 
and instructions used to manage memory protec­
tion. A Read instruction loads the address of the 
first word to be read into an internal address 
pointer. The data is then clocked out serially. The 
address pointer is automatically incremented after 
the word is output and it is possible, if the Chip 
Select input is held High, to output a sequential 

Table 1. Signal Names 

s Chip Select Input 

D Serial Data Input 

Q Serial Data Output 

c Serial Clock 

PRE Protect Enable 

w Write Enable 

Vee Supply Voltage 

Vss Ground 

Mary 1992 

PSDIPB (B) 
0.4mm Frame 

Figure 1. Logic Diagram 

Vee 

I 
D-

e-
s- ST93CS46 

PRE-

w-

I 
Vss 

8~ 

PSOB (M) 

I--- 0 

VA00884 

1/11 

479 



ST93CS46 

Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST93eS46 ST93CS46 

s[]s Vee 
C 2 7 PRE 
D 3 6 W 
o 4 5 Vss 

s[]s Vee 
C 2 7 PRE 
D 3 6 W 

o 4 5 Vss 
VA00885 VA00886 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 0 to 70 
grade 3 -40 to 125 oc 
grade 6 -40 to 85 

TsTG Storage Temperature -{)5 to 150 oc 
TLEAD Lead Temperature, Soldering (PSOB package) 40 sec 215 oc 

(PSDIPB package) 10 sec 260 

V1o Input or Output Voltages -0.3 to 6.5 v 
Vee Supply Voltage -0.3 to 6.5 v 
VESD Electrostatic Discharge Voltage (Human Body model) 2000 v 

Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratmgs only and operat1on of the device at these or any other cond1t1ons above those 
indicated in the Operating sections of this specif1cat1on is not implied. Exposure to Absolute Max1mum Rating cond1t1ons for extended penods 
may affect dev1ce reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

DESCRIPTION (cont'd) 

stream of data words. In this way the memory can 
be read as a continuous data stream from 16 to 
1024 bits long. Up to 4 words may be written in a 
single program cycle using the Page Write instruc­
tion. The memory may be 'erased', or set to a 
predetermined pattern, by using the Write All in­
struction. An external siganl controls Write Enable. 
A user defined area of the memory may be write 
protected. An external signal (PRE) enables ac­
cess to the Protect Register which stores the lowest 
address to be write protected. Data may be perma­
nently protected by programming an OTP bit which 
prevents further changes to the write protect start­
ing address and the protect flag. 

Programming is internally self-timed and does not 
require an erase cycle prior to the write instruction. 
The Write instruction writes 16 bits at one time into 
one of the 64 words, the Page Write instruction 
writes up to 4 words of 16 bits to sequential loca­
tions, both providing that all addresses are outside 
the write protect area. After the start of the program­
ming cycle a Busy/Ready signal is available on the 
Data Output when Chip Select is High. 

The design of the ST93CS46 and the High Endur­
ance CMOS technology used for its fabrication give 
a minimum Erase/Write cycle Endurance of 
1 ,000,000 cycles and a data retention of over 10 
years. 

2/11 ~ SCS·lHOMSON :::::...:.-'--------------- IJI,."'fl llllD©Ilil©ffi~rn©li'llil@li!iD©ill ---------------
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing 
Reference Voltages 

~ 20ns 

0.2Vcc to 0.8Vcc 

0.3Vcc to 0.7Vcc 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Table 3. Capacitance (TA = 25 oc, f = 1 MHz) 

Symbol Parameter 

CiN Input Capacitance 

CouT Output Capacitance 

Note: This parameter IS sampled only and not tested 1 00%. 

Table 4. DC Characteristics 

ST93CS46 

Figure 3. AC Testing Input Output Waveforms 

o.svcc 

o.2Vcc 

--v=====v o ?Vee 

~0.3Vcc 
VA00825 

Test Condition Min Max Unit 

V1N = OV 5 pF 

VouT = OV 5 pF 

(TA = 0 to 70 oc, -40 to 85 oc or -40 to 125 oc; Vee = 3V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV ~VIN ~Vee 2.5 ~ 

ILO Output Leakage Current OV ~ VouT ~ Vee 2.5 ~ 

Icc 
Supply Current (TTL Inputs) S = V1H, I= 1 MHz 3 mA 

Supply Current (CMOS Inputs) S = V1H, I= 1 MHz 2 mA 

lcc1 Supply Current (Standby) S= OV 50 ~ 

V1L Input Low Voltage 4.5V ~Vee~ 5.5V -0.1 0.8 v 
V1H Input High Voltage 4.5V ~Vee~ 5.5V 2 Vee+ 1 v 
V1L Input Low Voltage 3V ~Vee ~ 5.5V -0.1 0.2 Vee v 
ViH Input High Voltage 3V ~ Vee~ 5.5V 0.8 Vee Vee+ 1 v 

loL=2.1mA 0.4 v 
VoL Output Low Voltage 

loL = 10 JlA 0.2 v 
loH = -400~tA 2.4 v 

VoH Output High Voltage 
loH=-10~ Vee -0.2 v 

------------------------------ ~~~~~~2~~~~©~ --------------------------~3~/1~1 
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Table 5. AC Characteristics 
(TA = 0 to 70 oc, -40 to 85 oc or -40 to 125 oc; Vee= 3V to 5.5V) 

Symbol A It Parameter Test Condition Min Max 

IPRVCH !PRES Protect Enable Valid to Clock High 50 

twvcH IPES Write Enable Valid to Clock High 50 

ISHCH tess Chip Select High to Clock High 50 

tovcH tms Input Valid to Clock High 100 

ICHDX lo1H 
Clock High to Input Transition grade 1 100 

Clock High to Input Transition grade 3 and 6 200 

ICHQL lpoo Clock High to Output Low 500 

ICHQV IPD1 Clock High to Output Valid 500 

ICLPRX tPREH Clock Low to Protect Enable Transition 0 

ISLWX tPEH Chip Select Low to Write Enable Transition 250 

ICLSX tcsH Clock Low to Chip Select Transition 0 

ISLSH tcs Chip Select Low to Chip Select High Note 1 250 

tsHOV tsv Chip Select High to Output Valid 500 

tsLOZ toF Chip Select Low to Output Hi-Z 100 

tcHCL tsKH Clock High to Clock Low Note2 250 

tcLCH ISKL Clock Low to Clock High Note2 250 

tw twp Erase/Write Cycle time 10 

fc fsK Clock Frequency 0 1 

Notes: 1. The Clock frequency spec1f1cat1on calls for a mmimum clock period of 1 115, therefore the sum of the t1mmgs tcHcL + tcLcH 
must be greater or equal to 1 115· For example, 1f tcHcL is 250 ns, then tcLCH must be at least 750 ns. 

2. Chip Select must be brought low for a minimum of 250 ns (tsLsH) between consecutive instruction cycles. 

Figure 4. Syncrounus Timing, Start and Op-Code Input 

PRE 

w 

c 

s 

D 

tPRVCH 

' ' ' ' 
:.--- OP CODE INPUT -i 
' 

VA00887 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

MHz 
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Figure 5. Syncronous Timing, Read or Write 
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INSTRUCTIONS 

The ST93CS46 has eleven instructions which are 
shown in Table 6. The op-codes of the instructions 
are made up of 2 bits, preceded by a start bit which 
is always at logic 'I'. Some instructions use only 
these first two bits, others use also the first two bits 
of the address to define the op-code. The op-code 
is followed by an address for the word which is 
made up of six bits A5-AO. 

The start sequence requires the Chip Select and 
Data Input signals to be set up before a Low to High 
transition of the Clock. For write instructions the 
Write Enable signal (W) must be High and for 
Protect Register instructions the Protect Register 
Enable signal (PRE) must also be High. 

Read 

The Read instruction (READ) outputs serial data 
on the Data Output Q. When a READ instruction is 
received, the instruction and address are decoded 
and the data from the memory is transferred into 
an output shift register. A dummy '0' bit is output 
first followed by the 16 bit word with the MSB first. 

Table 6. Instruction Set 

Instruction Description Op PRE Code 

READ Read Data from memory 10 '0' 

WRITE Write Data to memory 01 '0' 

PAWRITE Page Write to memory 11 '0' 

WRALL Write All 00 '0' 

WEN Write Enable 00 '0' 

WDS Write Disable 00 '0' 

PRREAD Protect Register Read 10 '1' 

PRWRITE Protect Register Write 01 '1' 

PRCLEAR Protect Reg1ster Clear 11 '1' 

PREN Protect Register Enable 00 '1' 

PROS Protect Register Disable 00 '1' 

Note: X = don't care or drummy address bit. 

Output data changes follow the Low to High tran­
sition of the Clock. The memory will automatically 
increment the address and will clock out the next 
word as long as the Chip Select line is held High. 
In this case the dummy '0' bit is NOT output be­
tween words and a continuous stream of data can 
be read. 

Write Enable 

When power is first applied to the ST93CS46 write 
operations are disabled. To enable write operations 
the Write Enable signal (W) must be High and a 
Write Enable instruction (WEN) must be executed. 
After the WEN instruction write operation remains 
enabled until either a Write Disable instruction 
(WDS) is executed or the supply is removed from 
the device. 

Write 

A Write instruction (WRITE) contains the address 
followed by the data to be written. The Write Enable 
signal (W) must be High before and during the 
WRITE instruction, but is subsequently ignored 
(don't care). Input address and data are read on 

w Address Data Additional 
Information 

X A5-AO 015-00 

'1' A5-AO 015-DO Wnte if address 
unprotected 

Write one to 4 

'1' A5-AO 015-DO words, if all 
addresses are 
unprotected 

'1' 01XXXX 015-DO Write all if Protect 
Register cleared 

'1' 11XXXX 

'1' ooxxxx 
Data Output is 

X xxxxxx 06-00 Protect Address 
(A5-AO) plus 
Protect Flag 

'1' A5-AO Data above A5-AO 
is protected 

'1' 111111 
Protect Flag also 
cleared ('1 ') 

'1' 11XXXX 

OTP Flag set, 

'1' 000000 prevents any further 
change to Protect 
Register 

6/11 r== SGS·THOMSON .::::..:...:..._ _____________ 111.."'11 i::i:U©OO@~~~©'lfli:l@lh!U©i!i ---------------

484 



ST93CS46 

Figure 6. READ, WRITE, WEN, WDS Sequence 

READ s J L_ 

Q 
_____j___j_____ ~-.-.-.-.-.-.-.-.-.-~ 

-•-•-•-•-•-•-•-•-·-~ 
: oP: ADDR ' ' DATA OUT 
CODE 

WRITE s J u L 
CHECK 
STATUS D r:l,.J:;T~;;-r-r-·-.fcilD'i5-,-,-,-,-,-,-,-,-,-3 

_._j I l_j I ~-~-~-I-I-I-I-I-I-I-I-I-L~...L...L.l.-+------f--

~~--~--------~L_r-i-
1 ' : 

Q 

WRITE S J 
ENABLE 

INSTRUCTIONS (cont'd) 

:op: ADDR 
CODE 

:oP: 
CODE 

L 

the Low to High transition ofthe clock. After the LSB 
of data has been received, the Chip Select signal 
(S) must be brought Low before the next rising 
edge of the Clock (C). The falling edge of Chip 
Select (S) initiates the internal, self-timed write 
cycle, providing that the address is NOT in the 
protected area. If Chip Select (S) is brought High 
again after a minimum time of tSLSH then the Data 
Output (D) will indicate the Busy/Ready status. 
During the write cycle, the Data Output will indicate 
Busy D = '0' and after the cycle is completed and 
the memory is ready for another instruction, Ready 
D = '1'. 

Page Write 

A Page Write instruction (PAWRITE) contains the 
first address to be written followed by up to 4 data 
words. The Write Enable signal (W) must be High 
before and during the Write instruction, but is sub-

DATA IN !BUSY: READY: 

WRITE S J 
DISABLE 

L 
D~~:~L 

:oP: 
CODE 

VA00889 

sequently ignored (don't care). Input address and 
data are read on the Low to High transition of the 
clock. After the receipt of each data word bits A 1-AO 
of the internal address register are incremented, 
the high order bits A5-A2 remaining unchanged. 
Users must take care by software to ensure that 
the last word address has the same five upper 
order address bits as the the initial address trans­
mitted to avoid address roll-over. 

After the LSB of the last data word, Chip Select (S) 
must be brought Low before the next rising edge of 
the Clock (C). The falling edge of Chip Select (S) 
initiates the internal, self-timed write cycle. The 
write operation will preceded only if NONE of the 
addresses of the 1-4 data words has its address 
bits A5-A2 within the protected area. During the 
write cycle, the Data Output will indicate Busy D = 
'0' and after the cycle is completed and the memory 
is ready for another instruction, Ready D = '1 '. 

~ SGS·lHOMSON 7/11 -------------- ii.""f/ liilO©OO®Il:~ll:~@~O©l!l ---------------"~ 
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Figure 7. PRWRITE, WRALL Sequence 

PAGE 
WRITE 

s_j u L 
CHECK 
STATUS I ,--~-~-~-~-l-1-l-l-1-l-:::::op] 

D ~111~--~-'-'-'-'-'-'-'-'-'-,.L-....1...-"DL..O+:~----~-

WRITE 
ALL 

Q 

s J 
ioPi ADDR 
CODE 

u---1--
, ' ' 

DATA IN iBUSYi READY i 

u L 
CHECK 
STATUS D r:;-],.., n nr:TJ3-,-X~-,-,-,-,-,-,-,-,-,-:-:n:ol 

~· ~ 'L:i_,_~_._,_,_,_,_,_,_,_,_,__..L.J'-+. ~----i--

' ' 

Q --~--~--------~~ 
! OP! ADDR DATA IN !BUSY! READY! 

INSTRUCTIONS (cont'd) 

Write All 

CODE 

The Write All instruction (WRALL) is valid only after 
the Protect Register has been cleared by executing 
a PRCLEAR (Protect Register Clear) instruction. 
The Write All instruction simultaneously writes all 
memory locations with the data word included in 
the instruction. The Write Enable signal (W) must 
be High before and during the Write instruction, but 
is subsequently ignored (don't care). Input address 
and data are read on the Low to High transition of 
the clock. During the write cycle, the Data Output 
indicates Busy D = '0' and after the cycle is com­
pleted and the memory is ready for another instruc­
tion, Ready D = '1'. 

Write Disable 

The Write Disable instruction (WDS) disables all 
write operations. It should be used after all write 
instructions to disable writing to the memory and 
provide protection against noise and accidental 
write operations. 

Write Disable does not affect the Read operations. 

VA00890 

MEMORY WRITE PROTECTION 
The ST93CS46 contains a specific Protect Regis­
ter. This register stores the bottom address of the 
memory area which is protected against write to­
gether with two flag bits, the Protect Flag which 
indicates the protection status and an OTP bit 
which may be set to permanently disable access to 
the Protect Register and thus prevent any further 
changes to the memory protection setting. The 
address from which the memory is to be protected 
is loaded using the PRWRITE instruction, it may be 
read using the PRREAD instruction. There is a 
specific instruction, Protect Register Enable 
(PREN), to enable the protect instructions 
PRCLEAR, PRWRITE and PROS, this is used 
together with the Protect Register Enable signal 
(PRE). 

In order to program the protection the Write Enable 
instruction must first be executed. This is followed 
by asserting both Write Enable (W) and Protect 
Register Enable (PRE) signals and executing the 
PREN instruction. The protection may then be set 
using Protect Register Write (PRWRITE), cleared 
using the Protect Register Clear (PRCLEAR) or set 
permanently using the Protect Register Disable 
(PROS) instructions. 

::::81..:.11.:...._ ___________ iifi ~~@~0\l~~-------------
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Figure 8. PRREAD, PRWRITE, PREN Sequence 

PROTECT S 
REGISTER 
READ 

ST93CS46 

D ~~!~~~.-------------
Q E~~Affi---

' ' ' ' ' ' : DATA OUT : ; OP: ADDR 
CODE 

s_j u L PROTECT 
REGISTER 
WRITE 

CHECK 
STATUS 

D ~~!L~~.~--------~-
' ' ' ' . ' . . . 
' . ' ' . ' 

Q ' . ' 

:op: ADDR 
CODE 

PROTECT 
REGISTER 
ENABLE 

D~~~xL 
: oP: 
CODE 

MEMORY WRITE PROTECTION (cont'd) 

Protect Register Read 

The Protect Register Read instruction (PRREAD) 
outputs on the Data Output Q the address stored, 
followed by the Protect Flag status bit. The Protect 
Register Enable signal (PRE) must be High before 
and during the instruction. As in the Read instruc­
tion a dummy '0' bit is output first. 

Since it is not possible to distinguish between the 
status when the Protect Register is cleared (all1 's) 
and when it is written with all1 's, users must check 
the Protect Flag status, not the Protect Register 
contents to ascertain the setting of the memory 
protection. 

VAOOB91 

Protect Register Enable 

The Protect Register Enable instruction (PREN) is 
used to enable the PRCLEAR, PRWRITE and 
PROS instructions. A Write Enable (WEN) instruc­
tion must be executed before the Protect Enable 
instruction. Both the Protect Enable (PRE) and 
Write Enable (W) signals must be High before and 
during the instruction execution. 

Protect Register Clear 

The Protect Register Clear instruction (PRCLEAR) 
clears the address stored in the protect register to 
all1 's, and thus enables all registers for WRITE and 
WRALL instructions. It also clears the Protect Flag 
to '1 '. Both the Protect Enable (PRE) and Write 

----------------~ ~!~©~~~~ _____________ 9:::,1.:..:.11 
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Figure 8. PRCLEAR, PROS Sequence 

PROTECT s _j u L 
REGISTER CHECK 
CLEAR 

_j1 11 

STATUS 
D 1 1 1 1 1 1 

Q 

: OP: ADDR ' ' ' :ausy: READY: 
CODE 

s_j u L PROTECT 
REGISTER 
DISABLE 

D ~00,000000, 
CHECK 
STATUS 

' ' ' 

Q --~----~L-J L-
: op: ADDR 
CODE 

:susy: READY: 
VA00892 

MEMORY WRITE PROTECTION (cont'd) 

Enable (W) signals must be High before and during 
the instruction execution, but are subsequently ig­
nored (don't care). 

A PREN instruction must immediately precede the 
PRCLEAR instruction. 

Protect Register Write 

The Protect Register Write instruction (PRWRITE) 
is used to write into the protect register the address 
of the first memory location to be protected. After 
the instruction all memory locations equal to and 
above the location specified are protected from 
writing. The Protect Flag status bit is set to '0'. Both 
the Protect Enable (PRE) and Write Enable (W) 
signals must be High before and during the instruc· 
tion execution, but are subsequently ignored (don't 
care). 

A PREN instruction must immediately precede the 
PRWRITE instruction, but it is not neccessary to 
execute first a PRCLEAR. 

Protect Register Disable 

Caution: The Protect Register Disable instruction 
(PRDS) is a ONE TIME ONLY instruction which 
makes the Protect Register unalterable in the fu· 
ture, it does this by setting a One lime Program­
mable bit in the Protect Register. Both the Protect 
Enable (PRE) and Write Enable (W) signals must 
be High before and during the instruction execu­
tion, but are subsequently ignored (don't care). 

A PREN instruction must immediately precede the 
PRDS instruction. 

-'-10:.;_/1'""1-----------I:.W ~~tmgm~~~~ ____________ _ 
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ORDERING INFORMATION 

Example: 

M PSOB 

ST93CS46 M 013TR 

Temperature Range 

0 to 70 oc 
3 -40 to 125 oc 
6 -40 to 85 oc 

Option 

013TR Tape & Reel 

Parts are shipped with the memory content set at all "1 's" (OFFFFh). 

ST93CS46 

For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

---------------------------~~~@~~~~~~----------------------~1~1/~11 
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ST93CS56 

SERIAL ACCESS CMOS 2K bit (128 x 16) EEPROM 

• MINIMUM 1 ,000,000 ERASE/WRITE CYCLES, 
WITH OVER 1 0 YEARS DATA RETENTION 

• SINGLE 3V TO 5.5V SUPPLY VOLTAGE 
• USER DEFINED WRITE PROTECT AREA 
• PAGE WRITE MODE (4 WORDS) 

• SELF-TIMED PROGRAMMING CYCLE WITH 
AUTO-ERASE 

• BUSY/READY SIGNAL DURING PROGRAM­
MING 

• SEQUENTIAL READ OPERATION 
• 5ms TYPICAL PROGRAMMING TIME 

DESCRIPTION 

The ST93CS56 is a 2K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON's High Endurance Single Poly­
silicon CMOS technology. The memory is ac­
cessed by a simple serial interface. The 2K bit 
memory is organised as 128 x 16 bit words. 

The memory is accessed by a set of instructions 
which includes Read, Write, Page Write, Write All 
and instructions used to manage memory protec­
tion. A Read instruction loads the address of the 
first word to be read into an internal address 
pointer. The data is then clocked out serially. The 
address pointer is automatically incremented after 
the word is output and it is possible, if the Chip 
Select input is held High, to output a sequential 

Table 1. Signal Names 

s Chip Select Input 

D Serial Data Input 

Q Serial Data Output 

c Serial Clock 

PRE Protect Enable 

w Write Enable 

Vee Supply Voltage 

Vss Ground 

May 1992 

PSDIP8 (B) 
0.4mm Frame 

Figure 1. Logic Diagram 

Vee 

0 

e 
s 

PRE 
w 

Vss 

8~ 

PSOS (M) 

Q 

VA00896 

1/11 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST93eS56 ST93eS56 s[]s Vee 
e 2 7 PRE 

D 3 6 W 

o 4 5 Vss 

s[]s Vee e 2 7 PRE 

D 3 6 W 

o 4 5 Vss 
VA00897 VA00898 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto 70 
grade 3 --40 to 125 oc 
grade 6 --40 to 85 

TsTG Storage Temperature -65 to 150 oc 

TLEAD Lead Temperature, Soldering (PS08 package) 40 sec 215 oc 
(PSDIP8 package) 10 sec 260 

V1o Input or Output Voltages -0.3 to 6.5 v 
Vee Supply Voltage -0.3 to 6.5 v 
VESD Electrostatic Discharge Voltage (Human Body model) 2000 v 

Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the dev1ce. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

DESCRIPTION (cont'd) 

stream of data words. In this way the memory can 
be read as a continuous data stream from 16 to 
2048 bits long. Up to 4 words may be written in a 
single program cycle using the Page Write instruc­
tion. The memory may be 'erased', or set to a 
predetermined pattern, by using the Write All in­
struction. An external siganl controls Write Enable. 
A user defined area of the memory may be write 
protected. An external signal (PRE) enables ac­
cess to the Protect Register which stores the lowest 
address to be write protected. Data may be perma­
nently protected by programming an OTP bit which 
prevents further changes to the write protect start­
ing address and the protect flag. 

Programming is internally self-timed and does not 
require an erase cycle prior to the write instruction. 
The Write instruction writes 16 bits at one time into 
one of the 128 words, the Page Write instruction 
writes up to 4 words of 16 bits to sequential loca­
tions, both providing that all addresses are outside 
the write protect area. After the start of the program­
ming cycle a Busy/Ready signal is available on the 
Data Output when Chip Select is High. 

The design of the ST93CS56 and the High Endur­
ance CMOS technology used for its fabrication give 
a minimum Erase/Write cycle Endurance of 
1,000,000 cycles and a data retention of over 1 o 
years. 

~2/~1~1 _________________________ ~~~@~~~:~~~, -----------------------------
492 



AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing 
Reference Voltages 

~ 20ns 

0.2Vcc to 0.8Vcc 

0.3Vee to 0.7Vee 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Table 3. Capacitance (T A = 25 oc, f = 1 MHz ) 

Symbol Parameter 

CtN Input Capacitance 

CouT Output Capacitance 

Note: This parameter is sampled only and not tested 100%. 

Table 4. DC Characteristics 

ST93CS56 

Figure 3. AC Testing Input Output Waveforms 

O.BVcc~ - o 7Vcc 

- o 3Vcc 
o.2vcc 

VA00825 

Test Condition Min Max Unit 

VtN = OV 5 pF 

VouT= OV 5 pF 

(TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee= 3V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV ~VtN ~Vee 2.5 !!A 

ILO Output Leakage Current OV ~ VouT ~Vee 2.5 !!A 

Icc 
Supply Current (TTL Inputs) S = VtH, f = 1 MHz 3 mA 

Supply Current (CMOS Inputs) S = VtH, I= 1 MHz 2 mA 

lee1 Supply Current (Standby) S=OV 50 !!A 

VtL Input Low Voltage 4.5V ~Vee~ 5.5V --D.1 0.8 v 

VtH Input High Voltage 4.5V ~Vee ~ 5.5V 2 Vee+ 1 v 
VtL Input Low Voltage 3V ~Vee~ 5.5V --D.1 0.2 Vee v 
VtH Input High Voltage 3V ~Vee~ 5.5V 0.8 Vee Vee+ 1 v 

VoL Output Low Voltage 
loL=2.1mA 0.4 v 
loL = 10 11A 0.2 v 

VoH Output High Voltage 
loH = -400!!A 2.4 v 
loH = -10!!A Vcc-0.2 v 

--------------------------- ~~~@~~~91------------------------3_1 __ 11 
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Table 5. AC Characteristics 
(TA = 0 to 70 oc, -40 to 85 oc or -40 to 125 oc; Vee= 3V to 5.5V) 

Symbol A It Parameter Test Condition Min Max 

IPRVCH !PRES Protect Enable Valid to Clock High 50 

twvcH !PES Write Enable Valid to Clock High 50 

ISHCH tess Chip Select High to Clock High 50 

tovcH lOIS Input Valid to Clock High 100 

ICHDX IDIH Clock High to Input Transition 
grade 1 100 

grade 3 and 6 200 

ICHOL lpoo Clock High to Output Low 500 

ICHQV IPD1 Clock Htgh to Output Valid 500 

tcLPRX tPREH Clock Low to Protect Enable Transition 0 

tsLWX tPEH Chip Select Low to Write Enable Transition 250 

tcLSX tcsH Clock Low to Chip Select Transition 0 

ISLSH tcs Chip Select Low to Chip Select High Note 1 250 

ISHOV tsv Chip Select High to Output Valid 500 

lsLOZ !oF Chip Select Low to Output Hi-Z 100 

ICHCL ISKH Clock High to Clock Low Note 2 250 

ICLCH ISKL Clock Low to Clock High Note 2 250 

tw twp Erase/Write Cycle time 10 

fc fsK Clock Frequency 0 1 

Notes: 1 The Clock frequency spec1f1ca~on calls for a m1n1mum clock penod of 1 J.lS, therefore the sum of the tmngs lcHcL + tcLcH 
must be greater or equal to 1 J.lS. For example, if tcHcL is 250 ns, then tcLCH must be at least 750 ns. 

2 Chip Select must be brought low for a m1mmum of 250 ns (tsLsH) between consecut1ve instruction cycles 

Figure 4. Syncrounus Timing, Start and Op-Code Input 

PRE 
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D 

---..:START !- OP CODE INPUT ---..: . . 
VA00887 
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ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 
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Figure 5. Syncronous Timing, Read or Write 
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INSTRUCTIONS 

The ST93CS56 has eleven instructions which are 
shown in Table 6. The op-codes of the instructions 
~remade up of 2 bits, preceded by a start bit which 
IS alw~ys arloQiC '1 '. Some instructions use only 
these f1rst two b1ts, others use also the first two bits 
?f the address to define the op-code. The op-code 
IS followed by an address for the word which is 
made up of eight bits A7-AO, but for the 2K 
ST93CS56 the MSB of the address (A?) is ignored 
(don't care). 

The start sequence requires the Chip Select and 
Data _!~put signals to be set up before a Low to High 
trans1t1on of the Clock. For write instructions the 
Write Enable signal (W) must be High and for 
Protect Register instructions the Protect Register 
Enable signal (PRE) must also be High. 

Read 

The Read instruction (READ) outputs serial data 
on the Data Output Q. When a READ instruction is 

Table 6. Instruction Set 

Instruction Description Op PRE Code 

READ Read Data from memory 10 '0' 

WRITE Write Data to memory 01 '0' 

PAWRITE Page Write to memory 11 '0' 

WRALL Write All 00 '0' 

WEN Write Enable 00 '0' 

WDS Write Disable 00 '0' 

PRREAD Protect Register Read 10 '1' 

PRWRITE Protect Register Write 01 '1' 

PRCLEAR Protect Reg1ster Clear 11 '1' 

PREN Protect Register Enable 00 '1' 

Note: 1. Address b1t A7 1s not used for the 2K ST93CS56 (don1 care). 

2. X= don't care ot dummy address bit. 

received, the instruction and address are decoded 
and the data from the memory is transferred into 
~n output shift register. A dummy '0' bit is output 
first followed by the 16 bit word with the MSB first. 
~~tput data changes follow the Low to High tran­
~ltlon of the Clock. The memory will automatically 
mcrement the address and will clock out the next 
word. as long as the Chip Select line is held High. 
In th1s case the dummy 'O'·bit is NOT output be­
tween words and a continuous stream of data can 
be read. 

Write Enable 

When power is first applied to the ST93CS56 write 
operations are disabled. To enable write operations 
the Write Enable signal (W) must be High and a 
Write Enable instruction (WEN) must be executed. 
After the WEN instruction write operation remains 
enabled until either a Write Disable instruction 
(WDS) is executed or the supply is removed from 
the device. 

w Address<1l Data Additional 
Information 

X A7-AO 015-00 

'1' A7-AO D15·DO 
Write if address 
unprotected 

Write one to 4 

'1' A7-AO D15-DO 
words, if all 
addresses are 
unprotected 

'1' 01XXXXXX D15·DO 
Write all if Protect 
Register cleared 

'1' 11XXXXXX 

'1' ooxxxxxx 
Data Output is 

X xxxxxxxx 08·00 
Protect Address (A7-
AO) plus Protect Flag 
(1) 

'1' A7-AO Data above A7-AO is 
protected ( 1 ) 

'1' 11111111 Protect Flag also 
cleared ('1 ') 

'1' 11XXXXXX 

:::!6/~11.:...._ __________ ~ ~fJi©~0!~~------------
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Figure 6. READ, WRITE, WEN, WDS Sequence 

READ s J L 
D 

0 

: op: ADDR DATA OUT 
CODE 

WRITE s J u L 
CHECK 
STATUS D r:ln~-·-x;ro;s"-,-,-,-,-,-,-,-,-,-=w 

.....L..ll L:::J 1 ~-~-~-1-1-1-I_I_I_I_I_I-L.~..J....Jt....l...-+-----+---

0 --~--~--------~~ 

ERASE 
WRITE 
ENABLE 

s 

D 

J 

INSTRUCTIONS (cont'd) 

Write 

:op: ADDR 
CODE 

L 

A Write instruction (WRITE) contains the address 
followed by the data to be written. The Write Enable 
signal (W) must be High before and during the 
WRITE instruction, but is subsequently ignored 
(don't care). Input address and data are read on 
the Low to High transition of the clock. After the LSB 
of data has been received, the Chip Select signal 
(S) must be brought Low before the next rising 
edge of the Clock (C). The falling edge of Chip 
Select (S) initiates the internal, self-timed write 
cycle, providing that the address is NOT in the 
protected area. If Chip Select (S) is brought High 
again after a minimum time of tSLSH then the Data 
Output (D) will indicate the Busy/Ready status. 
During the write cycle, the Data Output will indicate 
Busy D = '0' and after the cycle is completed and 
the memory is ready for another instruction, Ready 
D = '1'. 

DATA IN ~BUSY: READY: 

s J L ERASE 
WRITE 
DISABLE 

D~~:~L 
: op: 
CODE 

VA00899 

Page Write 

A Page Write instruction (PAWRITE) contains the 
first address to be written followed by up to 4 data 
words. The Write Enable signal (W) must be High 
before and during the Write instruction, but is sub­
sequently ignored (don't care). Input address and 
data are read on the Low to High transition of the 
clock. After the receipt of each data word bits A 1-AO 
of the internal address register are incremented, 
the high order bits A7-A2 remaining unchanged. 
Users must take care by software to ensure that 
the last word address has the same five upper 
order address bits as the the initial address trans­
mitted to avoid address roll-over. 

After the LSB of the last data word, Chip Select (S) 
must be brought Low before the next rising edge of 
the Clock (C). The falling edge of Chip Select (S) 
initiates the internal, self-timed write cycle. The 
write operation will proceded only if NONE of the 
addresses of the 1-4 data words has its address 
bits A6-A2 within the protected area. During the 

______________ ~ ~~~@m~:~~©~ ____________ 7.:..:1.:....:.11 
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Figure 7. PAWRITE, WRALL Sequence 

PAGE 
WRITE 

s_j u L 
CHECK 

0 _j 1 '. 1' 1 ~~ ~~~:~:~:~:~:~:~:~:~:~.L:o?J......_o._o+.--:--s-T_A_T_u_s_~-
. ' 
' ' 
' ' 

0 ~~--~--------~~ 
:oP: ADDR DATAIN :auSY~READY~ 

WRITE 
ALL 

s J 
CODE 

u 
CHECK 
STATUS 

L 

0 ~~--~--------~~ 
: OP: ADDR DATA IN :BUSY: READY: 
CODE 

INSTRUCTIONS (cont'd) 

write cycle, the Data Output will indicate Busy D = 
'0' and after the cycle is completed and the memory 
is ready for another instruction, Ready D = '1 '. 

Write All 

The Write All instruction (WRALL) is valid only after 
the Protect Register has been cleared by executing 
a PRCLEAR (Protect Register Clear) instruction. 
The Write All instruction simultaneously writes all 
memory locations with the data word included in 
the i~struction. The Write Enable signal (W) must 
?e H1gh before and during the Write instruction, but 
1s subsequently ignored (don't care). Input address 
and data are read on the Low to High transition of 
~he. clock. During the write cycle, the Data Output 
1nd1cates Busy D = '0' and after the cycle is com­
pleted and the memory is ready for another instruc­
tion, Ready D = '1 '. 

Write Disable 

Th.e Write C!isable instruction (WDS) disables all 
wnte operations. It should be used after all write 
instructions to disable writing to the memory and 

VA00900 

provide protection against noise and accidental 
write operations. 

Write Disable does not affect the Read operations. 

MEMORY WRITE PROTECTION 

The ST93CS56 contains a specific Protect Regis­
ter. This register stores the bottom address of the 
memory area which is protected against write to­
gether with two flag bits, the Protect Flag which 
indicates the protection status and an OTP bit 
which may be set to permanently disable access to 
the Protect Register and thus prevent any further 
changes to the memory protection setting. The 
~ddress frol!l which the memory is to be protected 
1s loade? us1ng the PRWRITE instruction, it may be 
read us1ng the PRREAD instruction. There is a 
specific instruction, Protect Register Enable 
(PREN), to enable the protect instructions 
PRCLEAR, PRWRITE and PROS, this is used 
together with the Protect Register Enable signal 
(PRE). 

In order to program the protection the Write Enable 
instruction must first be executed. This is followed 

::.c.B/-'-11.:...._ ___________ ~ ~!i©JH&~~~?©~ --------------
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Figure 8. PRREAD, PRWRITE, PREN Sequence 

PROTECT S 
REGISTER 
READ 

PROTECT 
REGISTER 
WRITE 

PROTECT 
REGISTER 
ENABLE 

D ~~~x:DJ ' ' LL,--------------
' ' ' 

Q --+-+---------i~ ~€&----
' I I I I 
I I I I I 

: oP: ADDR ' · DATA OUT 
CODE 

s_j u L 
CHECK 
STATUS 

D ~~!~~~.~--------~-
0 

, ' ' 
' ' ' 
' ' ' 
' ' ' ' ' ' ' ' ' 

:op: ADDR 
CODE 

: oP: 
CODE 

' ' ' :susy: READY: 

VA00901 

ST93CS56 

MEMORY WRITE PROTECTION (cont'd) 

by asserting both Write Enable (W) and Protect 
Register Enable (PRE) signals and executing the 
PRE instruction. The protection may then be set 
using Protect Register Write (PRWRITE), cleared 
using the Protect Register Clear (PRCLEAR) or set 
permanently using the Protect Register Disable 
(PROS) instructions. 

Since it is not possible to distinguish between the 
status when the Protect Register is cleared (all1 's) 
and when it is written with all1 's, users must check 
the Protect Flag status, not the Protect Register 
contents to ascertain the setting of the memory 
protection. 

Protect Register Read 

The Protect Register Read instruction (PRREAD) 
outputs on the Data Output Q the address stored, 
followed by the Protect Flag status bit. The Protect 
Register Enable signal (PRE) must be High before 
and during the instruction. As in the Read instruc­
tion a dummy '0' bit is output first. 

Protect Register Enable 

The Protect Register Enable instruction (PREN) is 
used to enable the PRCLEAR, PRWRITE and 
PROS instructions. A Write Enable (WEN) instruc­
tion must be executed before the Protect Enable 
instruction. Both the Protect Enable (PRE) and 
Write Enable (W) signals must be High before and 
during the instruction execution. 

__________________________ ~ ~~@m~~~~~ _______________________ 9_,_11 
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Figure 8. PRCLEAR, PROS Sequence 

PROTECT s _j u L 
REGISTER CHECK 
CLEAR 

~----~ 
STATUS 

D 
' ' ' ' ' ' ' ' ' ' ' ' ' ' 0 ' ' 

: op: ADDR :susy: READY: 
CODE 

PROTECT s _j u L 
REGISTER CHECK 
DISABLE 

~---0 
STATUS 

D 

Q 

: oP: 
CODE 

MEMORY WRITE PROTECTION (cont'd) 

Protect Register Clear 

The Protect Register Clear instruction (PRCLEAR) 
clears the address stored in the protect register to 
all1 's, and thus enables all registers for WRITE and 
WRALL instructions. It also clears the Protect Flag 
to '1 '. Both the Protect Enable (PRE) and Write 
Enable (W) signals must be High before and during 
the instruction execution, but are subsequently ig­
nored (don't care). 

A PREN instruction must immediately precede the 
PRCLEAR instruction. 

Protect Register Write 

The Protect Register Write instruction (PRWRITE) 
is used to write into the protect register the address 
of the first memory location to be protected. After 
the instruction all memory locations equal to and 
above the location specified are protected from 

LJ L 

ADDR ;BUSY; READY; 

VA00902 

writing. The Protect Flag status bit is set to '0'. Both 
the Protect Enable (PRE) and Write Enable (W) 
signals must be High before and during the instruc­
tion execution, but are subsequently ignored (don't 
care). 

A PREN instruction must immediately precede the 
PRWRITE instruction, but it is not neccessary to 
execute first a PRCLEAR. 

Protect Register Diasable 

Caution: The Protect Register Disable instruction 
(PROS) is a ONE TIME ONLY instruction which 
makes the Protect Register unalterable in the fu­
ture, it does this by setting a One Time Program­
mable bit in the Protect Register. Both the Protect 
Enable (PRE) and Write Enable (W) signals must 
be High before and during the instruction execu­
tion, but are subsequently ignored (don't care). 

A PREN instruction must immediately precede the 
PROS instruction. 

,:.:10:::.1.:...11:...._ ___________ ~ ~~m~~~~ _____________ _ 
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ORDERING INFORMATION 

Example: 

M PSOB 

ST93CS56 M 013TR 

Temperature Range 

1 Oto70°C 

3 -40 to 125 oc 
6 -40 to 85 oc 

Parts are shipped with the memory content set at all "1 's" (OFFFFh). 

ST93CS56 

For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 
For further information on any aspect of this device, please contact our Sales Office nearest to you. 

----------- ~'I SGS·THOMSON -----------'1--'-'1/--'-'-11 • ...,, lrllO©ll©rn~o~ 
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~ SGS·THOMSON ,. "L [K-Ii]o©oo©~l1~©'iJ'oo©~o©~ ST93CS66 

SERIAL ACCESS CMOS 4K bit (256 x 16) EEPROM 

• MINIMUM 1,000,000 ERASE/WRITE CYCLES, 
WITH OVER 1 0 YEARS DATA RETENTION 

• SINGLE 3V TO 5.5V SUPPLY VOLTAGE 
• USER DEFINED WRITE PROTECT AREA 
• PAGE WRITE MODE (4 WORDS) 
• SELF-TIMED PROGRAMMING CYCLE WITH 

AUTO-ERASE 
• BUSY/READY SIGNAL DURING PROGRAM­

MING 
• SEQUENTIAL READ OPERATION 
• 5ms TYPICAL PROGRAMMING TIME 

DESCRIPTION 

The ST93CS66 is a 4K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON's High Endurance Single Poly­
silicon CMOS technology. The memory is ac­
cessed by a simple serial interface. The 4K bit 
memory is organised as 256 x 16 bit words. 

The memory is accessed by a set of instructions 
which includes Read, Write, Page Write, Write All 
and instructions used to manage memory protec­
tion. A Read instruction loads the address of the 
first word to be read into an internal address 
pointer. The data is then clocked out serially. The 
address pointer is automatically incremented after 
the word is output and it is possible, if the Chip 
Select input is held High, to output a sequential 

Table 1. Signal Names 

s Chip Select Input 

D Serial Data Input 

Q Serial Data Output 

c Serial Clock 

PRE Protect Enable 

w Write Enable 

Vee Supply Voltage 

Vss Ground 

May 1992 

.~ 
PSDIP8 (B) 

0.4mm Frame 

Figure 1. Logic Diagram 

Vee 

D 

e 
s 

PRE 

w 

Vss 

PS014 (ML) 

0 

VA00906 

1/11 
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Figure 2A. DIP Pin Connections 

ST93eS66 

s Vee 
" PRE ~ 

D w 
Q Vss 

VA00907 

Table 2. Absolute Maximum Ratings 

Symbol Parameter 

TA Ambient Operating Temperature 

TsTG Storage Temperature 

Figure 28. SO Pin Connections 

ST93eS66 

Ne 
s 
e 

Ne 
D 
Q 

Ne 
VA00908 

Warning: NC =No Connection 

Value 

grade 1 o to 70 

Ne 
Vee 
PRE 
Ne 
w 
Vss 
Ne 

grade 3 -40 to 125 
grade 6 -40 to 85 

-65 to 150 

Unit 

oc 

oc 
TLEAO Lead Temperature, Soldenng (PS014 package) 40 sec 215 oc 

(PSDIP8 package) 10 sec 260 

V1o Input or Output Voltages -0.3 to 6.5 v 
Vee Supply Voltage -0.3 to 6.5 v 
VESD Electrostatic Discharge Voltage (Human Body model) 2000 v 

Note: Except for the ratmg '"Operating Temperature Range", stresses above those listed 1n the Table "Absolute Max1mum Ratmgs" may cause 
permanent damage to the dev1ce. These are stress ratings only and operatiOn of the dev1ce at these or any other cond1trons above those 
mdrcated rn the Operating sectrons of thrs specrfrcatron rs not rmplled. Exposure to Absolute Maxrmum Ratmg condrtrons for extended penods 
may affect devrce rellabrllty. Refer also to the SGS-THOMSON SURE Program and other relevant qualrty documents 

DESCRIPTION (cont'd) 

stream of data words. In this way the memory can 
be read as a continuous data stream from 16 to 
4096 bits long. Up to 4 words may be written in a 
single program cycle using the Page Write instruc­
tion. The memory may be 'erased', or set to a 
predetermined pattern, by using the Write All in­
struction. An external siganl controls Write Enable. 
A user defined area of the rr:smory may be write 
protected. An external signal (PRE) enables ac­
cess to the Protect Register which stores the lowest 
address to be write protected. Data may be perma­
nently protected by programming an OTP bit which 
prevents further changes to the write protect start­
ing address and the protect flag. 

Programming is internally self-timed and does not 
require an erase cycle prior to the write instruction. 
The Write instruction writes 16 bits at one time into 
one of the 256 words, the Page Write instruction 
writes up to 4 words of 16 bits to sequential loca­
tions, both providing that all addresses are outside 
the write protect area. After the start of the program­
ming cycle a Busy/Ready signal is available on the 
Data Output when Chip Select is High. 

The design of the ST93CS66 and the High Endur­
ance CMOS technology used for its fabrication give 
a minimum Erase/Write cycle Endurance of 
1 ,000,000 cycles and a data retention of over 10 
years. 

=:2/~1.:_1 _____________ ~ ~i~©R&~~~>t~©~ --------------
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output liming 
Reference Voltages 

,; 20ns 

0.2Vcc to 0.8Vcc 

0.3Vcc to 0.7Vcc 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Table 3. Capacitance (TA = 25 oc, f = 1 MHz) 

Symbol Parameter 

C1N Input Capacitance 

CouT Output Capacitance 

Note: This parameter is sampled only and not tested 1 00%. 

Table 4. DC Characteristics 

ST93CS66 

Figure 3. AC Testing Input Output Waveforms 

o.SVcc 

o.2Vcc 

~0.7Vcc 

~0.3Vcc 
VAOD825 

Test Condition Min Max Unit 

V1N = OV 5 pF 

VouT= OV 5 pF 

(TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee= 3V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV :0 V1N :0 Vee 2.5 flA 
ILO Output Leakage Current OV,; VouT,; Vee 2.5 ~A 

Icc 
Supply Current (TIL Inputs) S = V1H, f = 1 MHz 3 mA 

Supply Current (CMOS Inputs) S = V1H, f = 1 MHz 2 mA 

lee1 Supply Current (Standby) S=OV 50 ~A 

V1L Input Low Voltage 4.5V :0 Vee :0 5.5V -Q.1 0.8 v 
V1H Input High Voltage 4.5V :0 Vee :0 5.5V 2 Vee+ 1 v 
VIL Input Low Voltage 3V,; Vee :0 5.5V -D.1 0.2 Vee v 
V1H Input High Voltage 3V,; Vee :0 5.5V 0.8 Vee Vee+ 1 v 

loL = 2.1mA 0.4 v 
VoL Output Low Voltage 

loL = 10 ~A 0.2 v 
loH = -400fl.A 2.4 v 

VoH Output High Voltage 
loH = -10fl.A Vee- 0.2 v 

---------------------------~~i~@~~~~~~------------------------3=/~11 
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Table 5. AC Characteristics 
(T A = 0 to 70 oc, -40 to 85 oc or -40 to 125 °C; Vee = 3V to 5.5V) 

Symbol All Parameter Test Condition Min Max 

IPRVCH IPRES Protect Enable Valid to Clock High 50 

twvcH IPES Write Enable Valid to Clock High 50 

lsHCH tess Chip Select High to Clock High 50 

tovcH lOIS Input Valid to Clock High 100 

ICHOX IOIH Clock High to Input Transition 100 

ICHOL lpoo Clock High to Output Low 500 

lcHOV !pot Clock High to Output Valid 500 

tcLPRX IPREH Clock Low to Protect Enable Transition 0 

ISLWX tPEH Chip Select Low to Write Enable Transition 250 

ICLSX tcsH Clock Low to Chip Select Transition 0 

tsLSH tcs Chip Select Low to Chip Select High Note 1 250 

ISHQV tsv Chip Select High to Output Valid 500 

tsLQZ toF Chip Select Low to Output Hi·Z 100 

lcHCL tsKH Clock High to Clock Low Note 2 250 

tcLCH tsKL Clock Low to Cloc~ High Note 2 250 

tw twp Erase/Write Cycle time 10 

fc fsK Clock Frequency 0 1 

Notes: 1. The Clock frequency specification calls for a minimum clock period of 1 ~s. therefore the sum of the timings tcHcL + tcLcH 
must be greater or equal to 1 ~s For example, if tcHcL is 250 ns, then lcLcH must be at least 750 ns 

2. Ch1p Select must be brought low for a mrnrmum of 250 ns (lsLsH) between consecutive Instruction cycles. 

Figure 4. Syncrounus Timing, Start and Op-Code Input 

PRE 

w 

c 

s 

D 

-+1--+-----14-- to VCH 

START 

' ' ' 

tCHDX 

~START i- OP CODE INPUT --.: 

VA00887 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

MHz 

..:;,4/..:..11'--------------~ ~~@=:~?~ -------------
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------- . . Read or Write 
nous T•mmg, 5 Syncro Figure · 

c 

s 

D 

Q 

PRE 

w 

c 

s 

D 

Q 

Ess INPUT~ ADDR DATA OUTPUT 

---~~~- ,I• ts~~;;---~ 
-- _, 

Hi-Z 

' ss I DATA :__ ADDRE INPUT----: :.__WRITE 

VA0088B 

5/11 

507 



ST93CS66 

INSTRUCTIONS 

The ST93CS66 has eleven instructions which are 
shown in Table 6. The op-codes of the instructions 
are made up of 2 bits, preceded by a start bit which 
is always at logic '1 '. Some instructions use only 
these first two bits, others use also the first two bits 
of the address to define the op-code. The op-code 
is followed by an address for the word which is 
made up of eight bits A7-AO. 

The start sequence requires the Chip Select and 
Data Input signals to be set up before a Low to High 
transition of the Clock. For write instructions the 
Write Enable signal (W) must be High and for 
Protect Register instructions the Protect Register 
Enable signal (PRE) must also be High. 

Read 

The Read instruction (READ) outputs serial data 
on the Data Output Q. When a READ instruction is 
received, the instruction and address are decoded 
and the data from the memory is transferred into 
an output shift register. A dummy '0' bit is output 
first followed by the 16 bit word with the MSB first. 

Table 6. Instruction Set 

Instruction Description Op PRE 
Code 

READ Read Data from memory 10 '0' 

WRITE Write Data to memory 01 '0' 

PAWRITE Page Write to memory 11 '0' 

WRALL Write All 00 '0' 

WEN Write Enable 00 "0' 

WDS Write Disable 00 '0' 

PRREAD Protect Register Read 10 '1, 

PRWRITE Protect Register Write 01 '1' 

PRCLEAR Protect Register Clear 11 '1' 

PREN Protect Register Enable 00 "1" 

PROS Protect Register Disable 00 '1, 

Note: X = don't care or dummy address bit. 

Output data changes follow the Low to High tran­
sition of the Clock. The memory will automatically 
increment the address and will clock out the next 
word as long as the Chip Select line is held High. 
In this case the dummy '0' bit is NOT output be­
tween words and a continuous stream of data can 
be read. 

Write Enable 

When power is first applied to the ST93CS66 write 
operations are disabled. To enable write operations 
the Write Enable signal (W) must be High and a 
Write Enable instruction (WEN) must be executed. 
After the WEN instruction write operation remains 
enabled until either a Write Disable instruction 
(WDS) is executed or the supply is removed from 
the device. 

Write 

A Write instruction (WRITE) contains the address 
followed by the data to be written. The Write Enable 
signal (W) must be High before and during the 
WRITE instruction, but is subsequently ignored 
(don't care). Input address and data are read on 

w Address Data Additional 
Information 

X A7-AO 015-00 

'1' A7-AO 015-DO Write if address 
unprotected 

Write one to 4 

'1' A7-AO 015-DO words, if all 
addresses are 
unprotected 

'1' 01XXXXXX 015-DO Write all if Protect 
Register cleared 

'1, 11XXXXXX 

"1, ooxxxxxx 
Data Output is 

X xxxxxxxx 08-00 Protect Address (A 7-
AO) plus Protect Flag 

'1' A7-AO Data above A7-AO is 
protected 

'1' 11111111 Protect Flag also 
cleared ('1 ') 

'1, 11XXXXXX 

OTP Flag set, 

'1, 00000000 prevents any further 
change to Protect 
Register 

.::::6/-'-11.:.____ ___________ ~ ~~©lt&W;1l~~©~ -------------
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Figure 6. READ, WRITE, WEN, WDS Sequence 

READ s J l_ 

D ~~:~AL..O-'---------------

WRITE s J 
: op: ADDR 
CODE 

DATA OUT 

u L 
CHECK 
STATUS D [ln~-~-A~-,-,-,-,-,-,-,-,-,-=ocil 

~I LJ ~~-~-~-1-1-1-1-1-1-1-1-1-L~...L...L...I..-;-----+--

0 ~~~------~~ 

ERASE 
WRITE 
ENABLE 

s 

D 

J 

INSTRUCTIONS (cont'd) 

:op: ADDR 
CODE 

L 

the Low to High transition of the clock. After the LSB 
of data has been received, the Chip Select signal 
(S) must be brought Low before the next rising 
edge of the Clock (C). The falling edge of Chip 
Select (S) initiates the internal, self-timed write 
cycle, providing that the address is NOT in the 
protected area. If Chip Select (S) is brought High 
again after a minimum time of tSLSH then the Data 
Output (D) will indicate the Busy/Ready status. 
During the write cycle, the Data Output will indicate 
Busy D = '0' and after the cycle is completed and 
the memory is ready for another instruction, Ready 
D = '1'. 

Page Write 

A Page Write instruction (PAWRITE) contains the 
first address to be written followed by up to 4 data 
words. The Write Enable signal (W) must be High 
before and during the Write instruction, but is sub-

DATA IN 

ERASE 
WRITE 
DISABLE 

;ausy: READY: 

s J L 
D~~:~L 

: op: 
CODE 

VA00899 

sequently ignored (don't care). Input address and 
data are read on the Low to High transition of the 
clock. Afterthe receipt of each data word bits A 1-AO 
of the internal address register are incremented, 
the high order bits A7-A2 remaining unchanged. 
Users must take care by software to ensure that 
the last word address has the same five upper 
order address bits as the the initial address trans­
mitted to avoid address roll-over. 

After the LSB of the last data word, Chip Select (S) 
must be brought Low before the next rising edge of 
the Clock (C). The falling edge of Chip Select (S) 
initiates the internal, self-timed write cycle. The 
write operation will preceded only if NONE of the 
addresses of the 1-4 data words has its address 
bits A7-A2 within the protected area. During the 
write cycle, the Data Output will indicate Busy D = 
'0' and after the cycle is completed and the memory 
is ready for another instruction, Ready D = '1 '. 

---------------------------~~~~~m~~~~------------------------~~~11 
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Figure 7. PAWRITE, WRALL Sequence 

PAGE 
WRITE 

s_j u L 
CHECK 
STATUS I ,--~-~-~-1-l-r-r-1-I-I-:DPJ 

D ~1 1 1 ~-_A~-'-'-'-'-'-'-'-'-'-L_.J...JDOL...J.., _;_ ____ ,__ 

WRITE 
ALL 

0 

s J 
:oP: ADDR 
CODE 

DATA IN ;BUSY; READY; 

u L 
CHECK 
STATUS 

~~~ (\ nm-,-~-,-.-.-,-,-,-,-,-,-~ 
D --L-1 I ~ 1 L.,s_,_x~_,_,_,_,_,_, _,_,_, L_..L.JDLo.L . ...:_ ____ _;___ 

0 

INSTRUCTIONS (cont'd) 

Write All 

ADDR 

The Write All instruction (WRALL) is valid only after 
the Protect Register has been cleared by executing 
a PRCLEAR (Protect Register Clear) instruction. 
The Write All instruction simultaneously writes all 
memory locations with the data word included in 
the instruction. The Write Enable signal (W) must 
be High before and during the Write instruction, but 
is subsequently ignored (don't care). Input address 
and data are read on the Low to High transition of 
the clock. During the write cycle, the Data Output 
indicates Busy D = '0' and after the cycle is com· 
pleted and the memory is ready for another instruc· 
tion, Ready D = '1 '. 

Write Disable 

The Write Disable instruction (WDS) disables all 
write operations. It should be used after all write 
instructions to disable writing to the memory and 
provide protection against noise and accidental 
write operations. 

Write Disable does not affect the Read operations. 

510 

DATA IN 

VA00900 

MEMORY WRITE PROTECTION 

The ST93CS66 contains a specific Protect Regis· 
ter. This register stores the bottom address of the 
memory area which is protected against write to· 
gether with two flag bits, the Protect Flag which 
indicates the protection status and an OTP bit 
which may be set to permanently disable access to 
the Protect Register and thus prevent any further 
changes to the memory protection setting. The 
address from which the memory is to be protected 
is loaded using the PRWRITE instruction, it may be 
read using the PRREAD instruction. There is a 
specific instruction, Protect Register Enable 
(PREN), to enable the protect instructions 
PRCLEAR, PRWRITE and PROS, this is used 
together with the Protect Register Enable signal 
(PRE). 

In order to program the protection the Write Enable 
instruction must first be executed. This is followed 
by asserting both Write Enable (W) and Protect 
Register Enable (PRE) signals and executing the 
PREN instruction. The protection may then be set 
using Protect Register Write (PRWRITE), cleared 
using the Protect Register Clear (PRCLEAR) or set 
permanently using the Protect Register Disable 
(PROS) instructions. 



Figure 8. PRREAD, PRWRITE, PREN Sequence 

PROTECT S 
REGISTER 
READ 

ST93CS66 

: oP: ADDR DATA OUT 
CODE 

s_j u L PROTECT 
REGISTER 
WRITE 

CHECK 
STATUS 

D ~~!L~~.~--------~-
, ' 
' ' 

Q 

:op: ADDR 
CODE 

PROTECT 
REGISTER 
ENABLE 

MEMORY WRITE PROTECTION (cont'd) 

Protect Register Read 

oP: 
CODE 

The Protect Register Read instruction (PRREAD) 
outputs on the Data Output Q the address stored, 
followed by the Protect Flag status bit. The Protect 
Register Enable signal (PRE) must be High before 
and during the instruction. As in the Read instruc­
tion a dummy '0' bit is output first. 

Since it is not possible to distinguish between the 
status when the Protect Register is cleared (all1 's) 
and when it is written with all1 's, users must check 
the Protect Flag status, not the Protect Register 
contents to ascertain the setting of the memory 
protection. 

VA00901 

Protect Register Enable 

The Protect Register Enable instruction (PREN) is 
used to enable the PRCLEAR, PRWRITE and 
PROS instructions. A Write Enable (WEN) instruc­
tion must be executed before the Protect Enable 
instruction. Both the Protect Enable (PRE) and 
Write Enable (W) signals must be High before and 
during the instruction execution. 

Protect Register Clear 

The Protect Register Clear instruction (PRCLEAR) 
clears the address stored in the protect register to 
all1 's, and thus enables all registers for WRITE and 
WRALL instructions. It also clears the Protect Flag 
to '1 ·. Both the Protect Enable (PRE) and Write 

___________________________ ~~~~©~2~~~Y~------------------------~9/~11 
511 



ST93CS66 

Figure 9. PRCLEAR, PROS Sequence 

PROTECT s _j u L 
REGISTER CHECK 
CLEAR 

~----~ 
STATUS 

D 

' ' ' 
' ' ' 
' ' ' 
' ' ' 
' ' ' 
' ' ' 

Q ' ' ' 

: op: ADDR :ausy: READY: 
CODE 

PROTECT s _j u L 
REGISTER CHECK 
DISABLE 

~---0 
STATUS 

D 

Q 

; oP; 
CODE 

MEMORY WRITE PROTECTION (cont'd) 

Enable (W) signals must be High before and during 
the instruction execution, but are subsequently ig­
nored (don't care). 

A PREN instruction must immediately precede the 
PRCLEAR instruction. 

Protect Register Write 

The Protect Register Write instruction (PRWRITE) 
is used to write into the protect register the address 
of the first memory location to be protected. After 
the instruction all memory locations equal to and 
above the location specified are protected from 
writing. The Protect Flag status bit is set to '0'. Both 
the Protect Enable (PRE) and Write Enable (W) 
signals must be High before and during the instruc­
tion execution, but are subsequently ignored (don't 
care). 

ADDR ;ausy; READY; 

VA00902 

A PREN instruction must immediately precede the 
PRWRITE instruction, but it is not neccessary to 
execute first a PRCLEAR. 

Protect Register Disable 

Caution: The Protect Register Disable instruction 
(PROS) is a ONE TIME ONLY instruction which 
makes the Protect Register unalterable in the fu­
ture, it does this by setting a One Time Program­
mable bit in the Protect Register. Both the Protect 
Enable (PRE) and Write Enable (W) signals must 
be High before and during the instruction execu­
tion, but are subsequently ignored (don't care). 

A PREN instruction must immediately precede the 
PROS instruction. 

_:.:10:::.1.:...:11'------------~ ~ii;n&~:i!~~ -------------
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ORDERING INFORMATION 

Example: ST93CS66 ML 013TR 

Temperature Range 

B PSDIP8 1 0 to 70 oc 013TR Tape & Reel 
0.4 mm Frame 

3 -40 to 125 oc 
ML PS014 6 -40 to 85 oc 

Parts are shipped with the memory content set at all "1 's" (OFFFFh). 

For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

______________ i.V ~i~©lHWI~~9~~ ___________ ____:_1.:.:,11-'-'-11 
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2.5V SERIAL ACCESS CMOS 1 K bit (64 x 16) EEPROM 

• MINIMUM 1,000,000 ERASE/WRITE CYCLES, 
WITH OVER 10 YEARS DATA RETENTION 

• SINGLE 2.5V TO 5.5V SUPPLY VOLTAGE 
• USER DEFINED WRITE PROTECT AREA 

• PAGE WRITE MODE (4 WORDS) 
• SELF-TIMED PROGRAMMING CYCLE WITH 

AUTO-ERASE 

• BUSY/READY SIGNAL DURING PROGRAM­
MING 

• SEQUENTIAL READ OPERATION 
• 5ms TYPICAL PROGRAMMING TIME 

DESCRIPTION 

The ST93CS47 is a 1 K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON's High Endurance Single Poly­
silicon CMOS technology. The memory is ac­
cessed by a simple serial interface. The 1 K bit 
memory is organised as 64 x 16 bit words. The 
ST93CS47 operates in read and write down to a 
2.5V supply voltage. 

The memory is accessed by a set of instructions 
which includes Read, Write, Page Write, Write All 
and instructions used to manage memory protec­
tion. A Read instruction loads the address of the 
first word to be read into an internal address 
pointer. The data is then clocked out serially. The 
address pointer is automatically incremented after 
the word is output and it is possible, if the Chip 
Select input is held High, to output a sequential 

Table 1. Signal Names 

s Chip Select Input 

D Serial Data Input 

a Senal Data Output 

c Serial Clock 

PRE Protect Enable 

w Write Enable 

Vee Supply Voltage 

Vss Ground 

Ma 1992 

.~ 8~ 
1 

PSDIPB (B) PSOB (M) 
0.4mm Frame 

Figure 1. Logic Diagram 

Vee 

D 
e Q 

s 
PRE 

w 

Vss 
VA00893 

1/11 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST93eS47 ST93eS47 

s[]s Vee e 2 7 PRE 

D 3 6 W 

o 4 5 Vss 

s[]s Vee e 2 7 PRE 

D 3 6 W 

o 4 5 Vss 
VA00894 VA00895 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 0 to 70 
grade 3 --40 to 125 oc 
grade 6 --40 to 85 

TsTG Storage Temperature -65 to 150 oc 
TLEAD Lead Temperature, Soldering (PS08 package) 40 sec 215 oc 

(PSDIP8 package) 10 sec 260 

Vlo Input or Output Voltages -0.3 to 6.5 v 
Vee Supply Voltage -0.3 to 6.5 v 
VEso Electrostatic Discharge Voltage (Human Body model) 2000 v 

Note: Except for the rating "Operatmg Temperature Range", stresses above those listed m the Table "Absolute Max1mum Ratmgs" may cause 
permanent damage to the device. These are stress rat1ngs only and operation of the dev1ce at these or any other cond1t1ons above those 
md1cated in the Operat1ng sections of this specification is not 1mplred. Exposure to Absolute Max1mum Rating condit1ons for extended periods 
may affect device rehabil1ty. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

DESCRIPTION (cont'd) 

stream of data words. In this way the memory can 
be read as a continuous data stream from 16 to 
1024 bits long. Up to 4 words may be written in a 
single program cycle using the Page Write instruc­
tion. The memory may be 'erased', or set to a 
predetermined pattern, by using the Write All in­
struction. An external signal controls Write Enable. 
A user defined area of the memory may be write 
protected. An external signal (PRE) enables ac­
cess to the Protect Register which stores the lowest 
address to be write protected. Data may be perma­
nently protected by programming an OTP bit which 
prevents further changes to the write protect start­
ing address and the protect flag. 

Programming is internally self-timed and does not 
require an erase cycle prior to the write instruction. 
The Write instruction writes 16 bits at one time into 
one of the 64 words, the Page Write instruction 
writes up to 4 words of 16 bits to sequential loca­
tions, both providing that all addresses are outside 
the write protect area. After the start of the program­
ming cycle a Busy/Ready signal is available on the 
Data Output when Chip Select is High. 

The design of the ST93CS47 and the High Endur­
ance CMOS technology used for its fabrication give 
a minimum Erase/Write cycle Endurance of 
1 ,000,000 cycles and a data retention of over 10 
years. 

::::_21..:_:11'-------------- ID'I SGS·lHOMSON ------------.1, liO\ID©Iiil©~~~©'ITiiil@il!C©i0 
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall T1mes 

Input Pulse Voltages 

Input and Output Timing 
Reference Voltages 

,;:; 20ns 

0.2Vcc to 0.8Vcc 

0.3Vcc to 0.7Vcc 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Table 3. Capacitance (TA = 25 oc, f = 1 MHz) 

Symbol Parameter 

C!N Input Capacitance 

Cour Output Capacitance 

Note: This parameter 1s sampled only and not tested 1 00% 

Table 4. DC Characteristics 

ST93CS47 

Figure 3. AC Testing Input Output Waveforms 

o.7Vcc O.BV.cc~ 

o 3Vcc 
o.2Vcc 

VAOD825 

Test Condition Min Max Unit 

V!N=OV 5 pF 

Vour= OV 5 pF 

(T A = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee = 2.5V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV s;VINs;Vcc 2.5 llA 

ILO Output Leakage Current OV,;:; Vour,;:; Vee 2.5 JlA 

Icc 
Supply Current (TTL Inputs) S = V1H, f = 1 MHz 3 rnA 

Supply Current (CMOS Inputs) S = V1H, f = 1 MHz 2 rnA 

lcc1 Supply Current (Standby) S=OV 50 JlA 

v,L Input Low Voltage 4.5V,;:; Vee,;:; 5.5V -D.1 0.8 v 
V!H Input High Voltage 4.5V,;:; Vee,;:; 5.5V 2 Vee+ 1 v 
v,L Input Low Voltage 2.5V,;:; Vee,;:; 5.5V -D.1 0.2 Vee v 
V1H Input High Voltage 2.5V,;:; Vee,;:; 5.5V 0.8 Vee Vee+ 1 v 

VoL Output Low Voltage 
loL=2.1mA 0.4 v 

loL=10JlA 0.2 v 

loH = -400JlA 2.4 v 
VoH Output High Voltage 

loH = -10JlA Vee-0.2 v 

______________ ~ ~i~©mgm&~~ ------------"-3,_11 
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Table 5. AC Characteristics 
(TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee= 2.5V to 5.5V) 

Symbol A It Parameter Test Condition Min Max 

IPRVCH IPRES Protect Enable Valid to Clock High 50 

lwvcH tPES Write Enable Valid to Clock High 50 

ISHCH less Chip Select High to Clock High 50 

tovcH lOIS Input Valid to Clock High 100 

lcHDX IDIH Clock High to Input Transition 
grade 1 100 

grade 3 and 6 200 

ICHQL I POD Clock High to Output Low 500 

tcHQV I POl Clock High to Output Valid 500 

lcLPRX IPREH Clock Low to Protect Enable Transition 0 

lsLWX IPEH Chip Select Low to Write Enable Transition 250 

ICLSX lcsH Clock Low to Chip Select Transition 0 

lsLSH !cs Chip Select Low to Chip Select High Note 1 250 

ISHQV lsv Chip Select High to Output Valid 500 

tsLQZ loF Chip Select Low to Output Hi·Z 100 

lcHCL ISKH Clock High to Clock Low Note 2 250 

lcLCH ISKL Clock Low to Clock High Note 2 250 

tw lwP Erase/Write Cycle time 10 

fc fsK Clock Frequency 0 1 

Notes: 1. The Clock frequency specification calls for a minimum clock period of 1 JlS, therefore the sum of the timings tcHcL + tcLcH 
must be greater or equal to 1 flS. For example, if tcHcL is 250 ns, then lcLcH must be at least 750 ns. 

2. Chip Select must be brought low for a minimum of 250 ns (lsLsH) between consecutive 1nstnuct1on cycles. 

Figure 4. Syncrounus Timing, Start and Op-Code Input 

PRE 

tPRVCH 

w 

c 

s 

D 

-----:START :- OP CODE INPUT -----: , , 
VA00887 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

MHz 

""'4,""1""1 ____________ ~ ~i~©m~:~~~~ _____________ _ 
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Figure 5. Syncronous Timing, Read or Write 

c 

s 

D 

0 

PRE 

w 

c 

s 

D 

Q 

.---
1 

--1 

tCHDX 

Hi-Z 

.---
1 

--1 

015/07 

--- ADDRESS INPUT ------.: ----DATA OUTPUT----
' 

------~------

-----------------~------------
------ ------ -----+----'-"""\ ----------

,---
1 

--1 

-to4---~- tDVCH 

~~J An 

' 
Hi-Z 

' ' 

!-- ADDRESS / DATA INPUT ---1 
tW 

\.-- WRITE CYCLE -----! 
' ' 

VA00820 

VAOOBBB 
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INSTRUCTIONS 

The ST93CS47 has eleven instructions which are 
shown in Table 6. The op-codes of the instructions 
are made up of 2 bits, preceded by a start bit which 
is always at logic '1 '. Some instructions use only 
these first two bits, others use also the first two bits 
of the address to define the op-code. The op-code 
is followed by an address for the word which is 
made up of six bits A5-AO. 

The start sequence requires the Chip Select and 
Data Input signals to be set up before a Low to High 
transition of the Clock. For write instructions the 
Write Enable signal (W) must be High and for 
Protect Register instructions the Protect Register 
Enable signal (PRE) must also be High. 

Read 

The Read instruction (READ) outputs serial data 
on the Data Output 0. When a READ instruction is 
received, the instruction and address are decoded 
and the data from the memory is transferred into 
an output shift register. A dummy '0' bit is output 
first followed by the 16 bit word with the MSB first. 

Table 6. Instruction Set 

Instruction Description Op PRE Code 

READ Read Data from memory 10 '0' 

WRITE Write Data to memory 01 '0' 

PAWRITE Page Write to memory 11 '0' 

WRALL WnteAII 00 '0' 

WEN Write Enable 00 '0' 

WDS Write Disable 00 '0' 

PRREAD Protect Register Read 10 '1' 

PRWRITE Protect Register Write 01 '1' 

PRCLEAR Protect Register Clear 11 '1' 

PREN Protect Register Enable 00 '1' 

PROS Protect Reg1ster Disable 00 'j' 

Note: X =don't care or dummy address b1t 

520 

Output data changes follow the Low to High tran­
sition of the Clock. The memory will automatically 
increment the address and will clock out the next 
word as long as the Chip Select line is held High. 
In this case the dummy '0' bit is NOT output be­
tween words and a continuous stream of data can 
be read. 

Write Enable 

When power is first applied to the ST93CS47 write 
operations are disabled. To enable write operations 
the Write Enable signal (W) must be High and a 
Write Enable instruction (WEN) must be executed. 
After the WEN instruction write operation remains 
enabled until either a Write Disable instruction 
(WDS) is executed or the supply is removed from 
the device. 

Write 

A Write instruction (WRITE) contains the address 
followed by the data to be written. The Write Enable 
signal (W) must be High before and during the 
WRITE instruction, but is subsequently ignored 
(don't care). Input address and data are read on 

w Address Data 
Additional 

Information 

X A5-AO 015-00 

'1' A5-AO 015-00 Write if address 
unprotected 

Write one to 4 

'1' A5-AO D15-DO words, if all 
addresses are 
unprotected 

'1' 01XXXX D15-DO Write all if Protect 
Register cleared 

'1' 11XXXX 

'1' ooxxxx 
Data Output 1s 

X xxxxxx 06·00 Protect Address 
(A5-AO) plus 
Protect Flag 

'1' A5-AO Data above A5-AO 
is protected 

'1' 111111 Protect Flag also 
cleared ('1 ') 

'1' 11XXXX 

OTP Flag set, 

'1' 000000 
prevents any further 
change to Protect 
Register 
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Figure 6. READ, WRITE, WEN, WDS Sequence 

READ S 

~ ~-.-.-.-.-.-.-.-.-.-~ 

Q ~-'-'-'-'-'-'-'-'-'-~ 

WRITE S 

:op: ADDR 
CODE 

DATA OUT 

CHECK 
STATUS D l:lrJ-:T-;:'~-,-{cjl()15'-,-,-,-,-,-,-,-,-,-.--rw 

~I Lj I ~-~-~-l-l-l-l-l-l-I-I-I-L~-'-L.l.-+------'--

Q ~~~----~~ 

WRITE . S 
ENABLE 

D 

J 

INSTRUCTIONS (cont'd) 

: OP: 
CODE 

:oP 
CODE 

ADDR 

L 

the Low to High transition of the clock. After the LSB 
of data has been received, the Chip Select signal 
(S) must be brought Low before the next rising 
edge of the Clock (C). The falling edge of Chip 
Select (S) initiates the internal, self-timed write 
cycle, providing that the address is NOT in the 
protected area. If Chip Select (S) is brought High 
again after a minimum time of tSLSH then the Data 
Output (D) will indicate the Busy/Ready status. 
During the write cycle, the Data Output will indicate 
Busy D = '0' and after the cycle is completed and 
the memory is ready for another instruction, Ready 
D = '1'. 

Page Write 

A Page Write instruction (PAWRITE) contains the 
first address to be written followed by up to 4 data 
words. The Write Enable signal (W) must be High 
before and during the Write instruction, but is sub-

DATA IN ~BUSY; READY: 

WRITE s 
DISABLE 

J L 

: OP: 
CODE 

VA00889 

sequently ignored (don't care). Input address and 
data are read on the Low to High transition of the 
clock. After the receipt of each data word bits A 1-AO 
of the internal address register are incremented, 
the high order bits A5-A2 remaining unchanged. 
Users must take care by software to ensure that 
the last word address has the same five upper 
order address bits as the the initial address trans­
mitted to avoid address roll-over. 

After the LSB of the last data word, Chip Select (S) 
must be brought Low before the next rising edge of 
the Clock (C). The falling edge of Chip Select (S) 
initiates the internal, self-timed write cycle. The 
write operation will proceded only if NONE of the 
addresses of the 1-4 data words has its address 
bits A5-A2 within the protected area. During the 
write cycle, the Data Output will indicate Busy D = 
'0' and after the cycle is completed and the memory 
is ready for another instruction, Ready D = '1 '. 

------------------- ~~~~~2~~~~~~ ------------------~7/~1~1 
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Figure 7. PAWRITE, WRALL Sequence 

PAGE 
WRITE 

s_j u 
I r--~-r-r-r-1-r-r-r-r-1-:-:o:ol 

D _j1 1 1 ~--~-'-'-'-'-'-'-'-'-'-·J.._..J....D._D-!-,_;_ ____ _;__ 

Q --~--~--------~~ 

WRITE 
ALL 

s J 
i OPi ADDR 
CODE 

DATA IN !BUSY! READY i 

u L 
CHECK 
STATUS D J:l,., " "r::TJ3_ 1_X'(jl'[j';5'-,-,-,-,-,-,-,-,-,-=w 

~I~ I ~-~-~-I-I-I-I-I-I-I-I-I-L.~.J...J'-L..-'-----.__-

' ' 

Q --~--~--------~~ 
i opi ADDR DATA IN !BUSY! READY! 
CODE 

INSTRUCTIONS (cont'd) 

Write All 

The Write All instruction (WRALL) is valid only after 
the Protect Register has been cleared by executing 
a PRCLEAR (Protect Register Clear) instruction. 
The Write All instruction simultaneously writes all 
memory locations with the data word included in 
the instruction. The Write Enable signal (W) must 
be High before and during the Write instruction, but 
is subsequently ignored (don't care). Input address 
and data are read on the Low to High transition of 
the clock. During the write cycle, the Data Output 
indicates Busy D = '0' and after the cycle is com­
pleted and the memory is ready for another instruc­
tion, Ready D = '1 '. 

Write Disable 

The Write Disable instruction (WDS) disables all 
write operations. It should be used after all write 
instructions to disable writing to the memory and 
provide protection against noise and accidental 
write operations. 

Write Disable does not affect the Read operations. 

. VA00890 

MEMORY WRITE PROTECTION 

The ST93CS47 contains a specific Protect Regis­
ter. This register stores the bottom address of the 
memory area which is protected against write 
together with two flag bits, the Protect Flag which 
indicates the protection status and an OTP bit 
which may be set to permanently disable access to 
the Protect Register and thus prevent any further 
changes to the memory protection setting. The 
address from which the memory is to be protected 
is loaded using the PRWRITE instruction, it may be 
read using the PRREAD instruction. There is a 
specific instruction, Protect Register Enable 
(PREN), to enable the protect instructions 
PRCLEAR, PRWRITE and PROS, this is used 
together with the Protect Register Enable signal 
(PRE). 

In order to program the protection the Write Enable 
instruction must first be executed. This is followed 
by asserting both Write Enable (W) and Protect 
Register Enable (PRE) signals and executing the 
PREN instruction. The protection may then be set 
using Protect Register Write (PRWRITE), cleared 
using the Protect Register Clear (PRCLEAR) or set 
permanently using the Protect Register Disable 
(PROS) instructions. 

~8/.!....11~--------- r,:r'l SGS·THOMSON ___________ _ 
.,...,, [lj]U@OO@~U©$ 
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Figure 8. PRREAD, PRWRITE, PREN Sequence 

PROTECT S 
REGISTER 
READ 

PROTECT 
REGISTER 
WRITE 

PROTECT 
REGISTER 
ENABLE 

D ~~~x:oJ 
' ' ~.----------------

' ' 
' ' 

Q --++------LE~~A25-
, ' ' ' :or: ADDR , , DATA OUT , 

CODE 

.s _j u L 
CHECK 
STATUS 

D ~~!~~0~.~--------7--
Q 

, ' ' 
' ' ' ' 

:op: ADDR 
CODE 

: oP: 
CODE VA00891 

MEMORY WRITE PROTECTION (cont'd) Protect Register Enable 

ST93CS47 

Protect Register Read 

The Protect Register Read instruction (PRREAD) 
outputs on the Data Output Q the address stored, 
followed by the Protect Flag status bit. The Protect 
Register Enable signal (PRE) must be High before 
and during the instruction. As in the Read instruc­
tion a dummy '0' bit is output first. 

The Protect Register Enable instruction (PREN) is 
used to enable the PRCLEAR, PRWRITE and 
PROS instructions. A Write Enable (WEN) instruc­
tion must be executed before the Protect Enable 
instruction. Both the Protect Enable (PRE) and 
Write Enable (W) signals musi be High before and 
during the instruction execution. 

Since it is not possible to distinguish between the 
status when the Protect Register is cleared (all1 's) 
and when it is written with all1 's, users must check 
the Protect Flag status, not the Protect Register 
contents to ascertain the setting of the memory 
protection. 

Protect Register Clear 

The Protect Register Clear instruction (PRCLEAR) 
clears the address stored in the protect register to 
all1 's, and thus enables all registers for WRITE and 
WRALL instructions. It also clears the Protect Flag 
to '1'. Both the Protect Enable (PRE) and Write 

------------ ID'I SGS·lHOMSON -----------------------=9/...:....:.11 
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Figure 9. PRCLEAR, PROS Sequence 

PROTECT s _j u L 
REGISTER CHECK 
CLEAR 

_j1 11 

STATUS 
D 1 1 1 1 1 1 

Q u L 
: op: ADDR :Busy: READY: 
CODE 

s_j u L PROTECT 
REGISTER 
DISABLE 

D ~0 0 0 0 0 0 0 0 

CHECK 
STATUS 

' ' ' 

Q 

:op: ADDR :Busy: READY: 
CODE 

MEMORY WRITE PROTECTION (cont'd) 

Enable (W) signals must be High before and during 
the instruction execution, but are subsequently ig· 
nored (don't care). 

A PREN instruction must immediately precede the 
PRCLEAR instruction. 

Protect Register Write 

The Protect Register Write instruction (PRWRITE) 
is used to write into the protect register the address 
of the first memory location to be protected. After 
the instruction all memory locations equal to and 
above the location specified are protected from 
writing. The Protect Flag status bit is set to '0'. Both 
the Protect Enable (PRE) and Write Enable (W) 
signals must be High before and during the instruc· 
lion execution, but are subsequently ignored (don't 
care). 

VA00892 

A PREN instruction must immediately precede the 
PRWRITE instruction, but it is not neccessary to 
execute first a PRCLEAR. 

Protect Register Disable 

Caution: The Protect Register Disable instruction 
(PADS) is a ONE TIME ONLY instruction which 
makes the Protect Register unalterable in the fu· 
ture, it does this by setting a One Time Program· 
mabie bit in the Protect Register. Both the Protect 
Enable (PRE) and Write Enable (W) signals must 
be High before and during the instruction execu­
tion, but are subsequently ignored (don't care). 

A PREN instruction must immediately precede the 
PROS instruction. 

10/11 r=-= SGS·llfOMSON -------------- llo."'fl [ij]O@'RJ@~~ffi!G~OO@~JC©fll --------------
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ORDERING INFORMATION 

Example: 

M PSOB 

ST93CS47 M 013TR 

Temperature Range 

Oto70°C 

3 -40 to 125 oc 
6 -40 to 85 oc 

Option 

013TR Tape & Reel 

Parts are shipped with the memory content set at all "1 's" (OFFFFh). 

ST93CS47 

For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

______________ ~ ~~m~~~~~-------------'-1.:.:.1/.:..:..11 
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ST93CS57 

2.5V SERIAL ACCESS CMOS 2K bit (128 x 16) EEPROM 

• MINIMUM 1 ,000,000 ERASE/WRITE CYCLES, 
WITH OVER 10 YEARS DATA RETENTION 

• SINGLE 2.5V TO 5.5V SUPPLY VOLTAGE 
• USER DEFINED WRITE PROTECT AREA 

• PAGE WRITE MODE (4 WORDS) 
• SELF-TIMED PROGRAMMING CYCLE WITH 

AUTO-ERASE 
• BUSY/READY SIGNAL DURING PROGRAM­

MING 

• SEQUENTIAL READ OPERATION 
• 5ms TYPICAL PROGRAMMING TIME 

DESCRIPTION 

The ST93CS57 is a 2K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON's High Endurance Single Poly­
silicon CMOS technology. The memory is ac­
cessed by a simple serial interface. The 2K bit 
memory is organised as 128 x 16 bit words. The 
ST93CS57 operates in read and write down to a 
2.5V supply voltage. 

The memory is accessed by a set of instructions 
which includes Read, Write, Page Write, Write All 
and instructions used to manage memory protec­
tion. A Read instruction loads the address of the 
first word to be read into an internal address 
pointer. The data is then clocked out serially. The 
address pointer is automatically incremented after 
the word is output and it is possible, if the Chip 
Select input is held High, to output a sequential 

Table 1. Signal Names 

s Chip Select Input 

D Serial Data Input 

a Serial Data Output 

c Serial Clock 

PRE Protect Enable 

w Write Enable 

Vee Supply Voltage 

Vss Ground 

May 1992 

PSDIP8 (B) 
0.4mm Frame 

8~ 

PS08 (M) 

Figure 1. Logic Diagram 

Vee 

I 
o~ 

c~ 
~o 

s~ ST93CS57 
PRE ~ 

w~ 

I 
Vss 

VA00903 

1/11 
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ST93CS57 

Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST93eS57 ST93eS57 

s[]s Vee e 2 7 PRE 

D 3 6 W 

o 4 5 Vss 

s[]s Vee e 2 7 PRE 

D 3 6 W 

o 4 5 Vss 
VA00904 VA00905 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto 70 
grade 3 -40 to 125 oc 
grade 6 -40 to 85 

TsrG Storage Temperature -65 to 150 oc 
TLEAD Lead Temperature, Soldering (PS08 package) 40 sec 215 oc 

(PSDIP8 package) 10 sec 260 

v,o Input or Output Voltages -0.3 to 6.5 v 
Vee Supply Voltage -0.3 to 6.5 v 

VESD Electrostatic Discharge Voltage (Human Body model) 2000 v 
Note: Except for the rating "Operat1ng Temperature Range", stresses above those listed in the Table "Absolute Max1mum Ratmgs" may cause 
permanent damage to the device. These are stress rat1ngs only and operation of the dev1ce at these or any other cond1t1ons above those 
1nd1cated 1n the Operating sections of th1s spec1flcat1on is not Implied. Exposure to Absolute Maximum Rating cond1t1ons for extended penods 
may affect dev1ce reliability. Refer also to the SGS-THOMSON SURE Program and other relevant qual1ty documents. 

DESCRIPTION (cont'd) 

stream of data words. In this way the memory can 
be read as a continuous data stream from 16 to 
2048 bits long. Up to 4 words may be written in a 
single program cycle using the Page Write instruc­
tion. The memory may be 'erased', or set to a 
predetermined pattern, by using the Write All in­
struction. An external siganl controls Write Enable. 
A user defined area of the memory may be write 
protected. An external signal (PRE) enables ac­
cess to the Protect Register which stores the lowest 
address to be write protected. Data may be perma­
nently protected by programming an OTP bit which 
prevents further changes to the write protect start­
ing address and the protect flag. 

Programming is internally self-timed and does not 
require an erase cycle prior to the write instruction. 
The Write instruction writes 16 bits at one time into 
one of the 128 words, the Page Write instruction 
writes up to 4 words of 16 bits to sequential loca­
tions, both providing that all addresses are outside 
the write protect area. After the start of the program­
ming cycle a Busy/Ready signal is available on the 
Data Output when Chip Select is High. 

The design of the ST93CS57 and the High Endur­
ance CMOS technology used for its fabrication give 
a minimum Erase/Write cycle Endurance of 
1 ,000,000 cycles and a data retention of over 10 
years. · 

=2/~1~1 _________________________ ~ ~~@~~~~~?~ -----------------------------
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing 
Reference Voltages 

,; 20ns 

0.2Vcc to 0.8Vcc 

0.3Vcc to 0.7Vcc 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Table 3. Capacitance (TA = 25 °C, f = 1 MHz) 

Symbol Parameter 

CIN Input Capacitance 

CouT Output Capacitance 

Note: Th1s parameter is sampled only and not tested 1 00%. 

Table 4. DC Characteristics 

ST93CS57 

Figure 3. AC Testing Input Output Waveforms 

o.?Vcc O.BVcc~ 

o.3Vcc 
o.2Vcc 

VA00825 

Test Condition Min Max Unit 

VIN = ov 5 pF 

VouT = OV 5 pF 

(TA = 0 to 70 °C, -40 to 85 ac or -40 to 125 ac; Vee = 2.5V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV :s;VIN ,;Vee 2.5 J.IA 

ILO Output Leakage Current OV,; VouT,; Vee 2.5 J.IA 

Icc 
Supply Current (TIL Inputs) S = V1H, f = 1 MHz 3 mA 

Supply Current (CMOS Inputs) S = V1H, f = 1 MHz 2 mA 

lcc1 Supply Current (Standby) S = OV 50 J.IA 

V1L Input Low Voltage 4.5V,; Vee,; 5.5V -0.1 0.8 v 
VIH Input High Voltage 4.5V,; Vee,; 5.5V 2 Vee+ 1 v 
V1L Input Low Voltage 2.5V,; Vee,; 5.5V -0.1 0.2 Vee v 
ViH Input High Voltage 2.5V,; Vee,; 5.5V 0.8 Vee Vee+ 1 v 

VoL Output Low Voltage 
loL= 2.1mA 0.4 v 
loL = 10 (.lA 0.2 v 

loH = -400J.IA 2.4 v 
VoH Output High Voltage 

loH = -1 OJ.IA Vee -0.2 v 

---------------------------~~i~©~~~a~------------------------3_, __ 11 
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Table 5. AC Characteristics 
(TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee= 2.5V to 5.5V) 

Symbol All Parameter Test Condition Min Max 

IPRVCH IPRES Protect Enable Valid to Clock High 50 

lwvcH tPES Write Enable Valid to Clock High 50 

tsHCH tess Chip Select High to Clock High 50 

tovcH lOIS Input Valid to Clock High 100 

tcHDX toiH Clock High to Input Transition 100 

ICHQL tpoo Clock High to Output Low 500 

tcHOV tpoj Clock High to Output Valid 500 

lcLPRX tPREH Clock Low to Protect Enable Transition 0 

tsLwx tPEH Chip Select Low to Write Enable Transition 250 

tcLSX tcsH Clock Low to Chip Select Transition 0 

tsLSH tcs Chip Select Low to Chip Select High Note 1 250 

tsHQV tsv Chip Select High to Output Valid 500 

tsLOZ toF Chip Select Low to Output Hi-Z 100 

lcHCL tsKH Clock High to Clock Low Note 2 250 

tcLCH tsKL Clock Low to Clock High Note 2 250 

tw twp Erase/Write Cycle time 10 

fc fsK Clock Frequency 0 1 

Notes: 1. The Clock frequency spec1ftcat1on calls for a minimum clock penod of 1 ~s. therefore the sum of the tmngs tcHcL + lcLcH 
must be greater or equal to 1 ~s. For example, 1f tcHcL IS 250 ns, then lcLcH must be atleast750 ns 

2. Chip Select must be brought low for a m1mmum of 250 ns (lsLsH) between consecutive 1nstruct1on cycles. 

Figure 4. Syncrounus Timing, Start and Op-Code Input 

PRE 

tPRVCH 

w 

c 

s 

D 

---..; START :- OP CODE INPUT ---..; 
' 

VA00887 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

MHz 

-"4/-'-1_;_1 ____________ ~ ~i§©l!i~rf~9~ --------------
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ST93CS57 

Figure 5. Syncronous Timing, Read or Write 

c 

s 

D 

Q Hi-Z 

I __ , 

,.__ __ ADDRESS INPUT _____.; 
' 

·---, __ , 

,.__ ___ DATA OUTPUT---_.; 

VA00820 

PRE -----------y--------________________ _________JL___ __________ __ 

w 

c 

s 

D 

Q 

--, r----\ ;---
~ \. __ , 

-!-------14-- tDVCH tCHDX -*----114---

~ ~ ~ An [~ ~ ~ ~ ~ /L _ _;_ __ ,Jl.---""--!---.... ~ -_t_S_L_S_H ____ +---

Hi-Z 

' 
' ' !-- ADDRESS / DATA INPUT---! 

~ol------l4-tSHQV 

tW ' 

;.--WRITE CYCLE--.: 

VA00888 

------------- ;.w ~~~~R'·~~~ ____________ 5:::.1.:....:.11 
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INSTRUCTIONS 

The ST93CS57 has eleven instructions which are 
shown in Table 6. The op-codes of the instructions 
are made up of 2 bits, preceded by a start bit which 
is always at logic '1 '. Some instructions use only 
these first two bits, others use also the first two bits 
of the address to define the op-code. The op-code 
is followed by an address for the word which is 
made up of eight bits A7-AO, but for the 2K 
ST93CS57 the MSB of the address (A7) is ignored 
(don't care). 

The start sequence requires the Chip Select and 
Data Input signals to be set up before a Low to High 
transition of the Clock. For write instructions the 
Write Enable signal (W) must be High and for 
Protect Register instructions the Protect Register 
Enable signal (PRE) must also be High. 

Read 

The Read instruction (READ) outputs serial data 
on the Data Output Q. When a READ instruction is 

Table 6. Instruction Set 

Instruction Description Op PRE Code 

READ Read Data from memory 10 ·o· 

WRITE Write Data to memory 01 '0' 

PAWRITE Page Write to memory 11 '0' 

WRALL Write All 00 '0' 

WEN Write Enable 00 '0' 

WDS Write Disable 00 '0' 

PRREAD Protect Register Read 10 '1' 

PRWRITE Protect Register Write 01 '1' 

PRCLEAR Protect Register Clear 11 '1' 

PREN Protect Register Enable 00 '1' 

Note: 1. Address bit A? is not used for the 2K ST93CS56 (don't care). 

2 X= don't care or dummy address bit. 

received, the instruction and address are decoded 
and the data from the memory is transferred into 
an output shift register. A dummy '0' bit is output 
first followed by the 16 bit word with the MSB first. 
Output data changes follow the Low to High tran­
sition of the Clock. The memory will automatically 
increment the address and will clock out the next 
word as long as the Chip Select line is held High. 
In this case the dummy '0' bit is NOT output be­
tween words and a continuous stream of data can 
be read. 

Write Enable 

When power is first applied to the ST93CS57 write 
operations are disabled. To enable write operations 
the Write Enable signal (W) must be High and a 
Write Enable instruction (WEN) must be executed. 
After the WEN instruction write operation remains 
enabled until either a Write Disable instruction 
(WDS) is executed or the supply is removed from 
the device. 

w Address!1> Data Additional 
Information 

X A7-AO Q15-QO 

'1' A7-AO D15-DO Write if address 
unprotected 

Write one to 4 

'1' A7-AO D15-DO words, if all 
addresses are 
unprotected 

'1' 01XXXXXX D15-DO Write all if Protect 
Register cleared 

'1' 11XXXXXX 

'1' ooxxxxxx 
Data Output is 

X xxxxxxxx Q8-QO Protect Address (A7-
AO) plus Protect Flag 
(1) 

'1' A7-AO Data above A7-AO is 
protected ( 1 ) 

'1' 11111111 Protect Flag also 
cleared ('1') 

'1' 11XXXXXX 

6/11 r=-= SGS·lHOMSON ""-'-------------- ~o.""JI ilil~©OO©rn~rn©'iMl@&:ll~©® --------------
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Figure 6. READ, WRITE, WEN, WDS Sequence 

READ s J L_ 

_____l___1_____ ~-.-.-.-.-.-.-.-.-.-~ 

Q ~-'-'-'-'-'-'-'-'-'-~ 
: oP: ADDR DATA OUT 
CODE 

WRITE s J u L 
CHECK 
STATUS D [';1 ,..,r:;r:::r:;-r-r- 1-AQT[i'1"5' -,-,-,-,-,-,-,-,-,-5 

~I L:J I ~-~-~-l-l-l-l-l-l-l-I-I-L~...L..L.J.-!-----+--

--~--~--------~~ 
\BUSY! READY: 

Q 

ERASE 
WRITE 
ENABLE 

s 

D 

J 

INSTRUCTIONS (cont'd) 

Write 

:op: ADDR 
CODE 

: oP: 
CODE 

L 

A Write instruction (WRITE) contains the address 
followed by the data to be written. The Write Enable 
signal (W) must be High before and during the 
WRITE instruction, but is subsequently ignored 
(don't care). Input address and data are read on 
the Low to High transition of the clock. Afterthe LSB 
of data has been received, the Chip Select signal 
(S) must be brought Low before the next rising 
edge of the Clock (C). The falling edge of Chip 
Select (S) initiates the internal, self-timed write 
cycle, providing that the address is NOT in the 
protected area. If Chip Select (S) is brought High 
again after a minimum time of tSLSH then the Data 
Output (D) will indicate the Busy/Ready status. 
During the write cycle, the Data Output will indicate 
Busy D = '0' and after the cycle is completed and 
the memory is ready for another instruction, Ready 
D = '1'. 

DATA IN 

ERASE S J 
WRITE 

L 
DISABLE 

D~~:~L 
: op: 
CODE 

VA00899 

Page Write 

A Page Write instruction (PAWRITE) contains the 
first address to be written followed by up to 4 data 
words. The Write Enable signal (W) must be High 
before and during the Write instruction, but is sub­
sequently ignored (don't care). Input address and 
data are read on the Low to High transition of the 
clock. After the receipt of each data word bits A 1-AO 
of the internal address register are incremented, 
the high order bits A7-A2 remaining unchanged. 
Users must take care by software to ensure that 
the last word address has the same five upper 
order address bits as the the initial address trans­
mitted to avoid address roll-over. 

After the LSB of the last data word, Chip Select (S) 
must be brought Low before the next rising edge of 
the Clock (C). The falling edge of Chip Select (S) 
initiates the internal, self-timed write cycle. The 
write operation will preceded only if NONE of the 
addresses of the 1-4 data words has its address 
bits A6-A2 within the protected area. During the 

---------------------------~~~~~~gm:a~------------------------~~~11 
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Figure 7. PAWRITE, WRALL Sequence 

PAGE 
WRITE 

s_j u L 
CHECK 

D _j1: 1•1 ~~~~~:~:~:~:~:~:~:~:~:~ ... :D?J_,_D.._o-+,_,_-s_T_A_T_u_s __ _ 

' ' ' o o I I o 

' ' ' ' ' 

~:~:--~--------~:~ 

WRITE 
ALL 

Q 

s J 
: OP: ADDR 
CODE 

DATA IN ;ausY! READY! 

u L 
CHECK 

D ~s~:!E~:~: ~:~: ~:~: ~:~:~:-:n:ol._ ........ D_o7--:---sT_A_T_u_s_,__ 

Q 

: OP: ADDR 
CODE 

INSTRUCTIONS (cont'd) 

write cycle, the Data Output will indicate Busy D = 
'0' and after the cycle is completed and the memory 
is ready for another instruction, Ready D = '1 '. 

Write All 

The Write All instruction (WRALL) is valid only after 
the Protect Register has been cleared by executing 
a PRCLEAR (Protect Register Clear) instruction. 
The Write All instruction simultaneously writes all 
memory locations with the data word included in 
the instruction. The Write Enable signal (W) must 
be High before and during the Write instruction but 
is subsequently ignored (don't care). Input ad&ess 
and data are read on the Low to High transition of 
~he. clock. During the write cycle, the Data Output 
1nd1cates Busy D = '0' and after the cycle is com­
pleted and the memory is ready for another instruc­
tion, Ready D = '1'. 

Write Disable 

The Write Disable instruction (WDS) disables all 
write operations. It should be used after all write 
instructions to disable writing to the memory and 

534 

DATA IN 

VA00900 

provide protection against noise and accidental 
write operations. 

Write Disable does not affect the Read operations. 

MEMORY WRITE PROTECTION 

The ST93CS57 contains a specific Protect Regis­
ter. This register stores the bottom address of the 
memory area which is protected against write to­
gether with two flag bits, the Protect Flag which 
indicates the protection status and an OTP bit 
which may be set to permanently disable access to 
the Protect Register and thus prevent any further 
changes to the memory protection setting. The 
?-ddress frol!l which the memory is to be protected 
IS loaded us1ng the PRWRITE instruction, it may be 
read using the PRREAD instruction. There is a 
specific instruction, Protect Register Enable 
(PREN), to enable the protect instructions 
PRCLEAR, PRWRITE and PROS this is used 
together with the Protect Register 'Enable signal 
(PRE). 

In order to program the protection the Write Enable 
instruction must first be executed. This is followed 



Figure 8. PRREAD, PRWRITE, PREN Sequence 

PROTECT S 
REGISTER 
READ 

ST93CS57 

D ~~!:ol 
' ~.-----------------

: oP: ADDR DATA OUT 
CODE 

s_j u L PROTECT 
REGISTER 
WRITE 

CHECK 
STATUS 

D ~~~A,_~~.-:----------:---
, ' ' 
' ' ' 
' ' ' 

Q 

:op: ADDR 
CODE 

:susy: READY: 

PROTECT 
REGISTER 
ENABLE 

MEMORY WRITE PROTECTION (cont'd) 

: oP: 
CODE 

by asserting both Write Enable (W) and Protect 
Register Enable (PRE) signals and executing the 
PREN instruction. The protection may then be set 
using Protect Register Write (PRWRITE), cleared 
using the Protect Register Clear (PRCLEAR) or set 
permanently using the Protect Register Disable 
(PROS) instructions. 

Protect Register Read 

The Protect Register Read instruction (PRREAD) 
outputs on the Data Output Q the address stored, 
followed by the Protect Flag status bit. The Protect 
Register Enable signal (PRE) must be High before 
and during the instruction. As in the Read instruc­
tion a dummy '0' bit is output first. 

VA00901 

Since it is not possible to distinguish between the 
status when the Protect Register is cleared (all 1 's) 
and when it is written with all 1 's, users must check 
the Protect Flag status, not the Protect Register 
contents to ascertain the setting of the memory 
protection. 

Protect Register Enable 
The Protect Register Enable instruction (PREN) is 
used to enable the PRCLEAR, PRWRITE and 
PROS instructions. A Write Enable (WEN) instruc­
tion must be executed before the Protect Enable 
instruction. Both the Protect Enable (PRE) and 
Write Enable (W) signals must be High before and 
during the instruction execution. 

----------------------------~~i~©~~:a~~ -------------------------=9/~11 
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Figure 8. PRCLEAR, PROS Sequence 

PROTECT s _j u L 
REGISTER CHECK 
CLEAR 

~----~ 
STATUS 

D 

' ' ' 

Q u (_ 

' ' : op: ADDR :susy: READY: 
CODE 

PROTECT s _j u L 
REGISTER CHECK 
DISABLE 

~---0 
STATUS 

D 

Q 

: oP; 
CODE 

MEMORY WRITE PROTECTION (cont'd) 

Protect Register Clear 

The Protect Register Clear instruction (PRCLEAR) 
clears the address stored in the protect register to 
all1 's, and thus enables all registers for WRITE and 
WRALL instructions. It also clears the Protect Flag 
to '1 '. Both the Protect Enable (PRE) and Write 
Enable (W) signals must be High before and during 
the instruction execution, but are subsequently ig­
nored (don't care). 

A PREN instruction must immediately precede the 
PRCLEAR instruction. 

Protect Register Write 

The Protect Register Write instruction (PRWRITE) 
is used to write into the protect register the address 
of the first memory location to be protected. After 
the instruction all memory locations equal to and 
above the location specified are protected from 

ADDR ;susy; READY; 

VA00902 

writing. The Protect Flag status bit is set to '0'. Both 
the Protect Enable (PRE) and Write Enable (W) 
signals must be High before and during the instruc­
tion execution, but are subsequently ignored (don't 
care). 

A PREN instruction must immediately precede the 
PRWRITE instruction, but it is not neccessary to 
execute first a PRCLEAR. 

Protect Register Disable 

Caution: The Protect Register Disable instruction 
(PROS) is a ONE TIME ONLY instruction which 
makes the Protect Register unalterable in the fu­
ture, it does this by setting a One lime Program­
mable bit in the Protect Register. Both the Protect 
Enable (PRE) and Write Enable (W) signals must 
be High before and during the instruction execu­
tion, but are subsequently ignored (don't care). 

A PREN instruction must immediately precede the 
PROS instruction. 

_:_:10::.,:11:...:_1 __________ ID'I SGS·lHOMSON ------------
'], ~D©Ililm~~©'ifllii@I\IID©@ 
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ORDERING INFORMATION 

Example: 

M PSOB 

ST93CS57 M 013TR 

Temperature Range 

1 Oto70°C 

3 -40 to 125 oc 
6 -40to 85 oc 

ST93CS57 

Parts are shipped with the memory content set at all "1 's" (OFFFFh). 

For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

r=-= SGS·THOMSON 11/11 -------------- lt.."f/ [l;]~©ill©rn!l.1<©111lil@l>'lll©$ ___________ _:.:.c..:._:_ 

537 





ST93CS67 

2.5V SERIAL ACCESS CMOS 4K bit (256 x 16) EEPROM 

• MINIMUM 1,000,000 ERASE/WRITE CYCLES, 
WITH OVER 1 0 YEARS DATA RETENTION 

• SINGLE 2.5V TO 5.5V SUPPLY VOLTAGE 
• USER DEFINED WRITE PROTECT AREA 
• PAGE WRITE MODE (4 WORDS) 

• SELF-TIMED PROGRAMMING CYCLE WITH 
AUTO-ERASE 

• BUSY/READY SIGNAL DURING PROGRAM­
MING 

• SEQUENTIAL READ OPERATION 

• 5ms TYPICAL PROGRAMMING TIME 

DESCRIPTION 

The ST93CS67 is a 4K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON's High Endurance Single Poly­
silicon CMOS technology. The memory is ac­
cessed by a simple serial interface. The 4K bit 
memory is organised as 256 x 16 bit words. The 
ST93CS67 operates in read and write down to a 
2.5V supply voltage. 

The memory is accessed by a set of instructions 
which includes Read, Write, Page Write, Write All 
and instructions used to manage memory protec­
tion. A Read instruction loads the address of the 
first word to be read into an internal address 
pointer. The data is then clocked out serially. The 
address pointer is automatically incremented after 
the word is output and it is possible, if the Chip 
Select input is held High, to output a sequential 

Table 1. Signal Names 

s Chip Select Input 

D Serial Data Input 

Q Serial Data Output 

c Serial Clock 

PRE Protect Enable 

w Write Enable 

Vee Supply Voltage 

Vss Ground 

May 1992 

PSDIPB (B) 
0.4mm Frame 

Figure 1. Logic Diagram 

Vee 

I 
D-

e-

14~ 
1 

PS014 (ML) 

1---- Q 

s- ST93eS67 
PRE-

W-

I 
Vss 

VA00909 

1/11 
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Figure 2A. DIP Pin Connections 

ST93eS67 

s[]s Vee e 2 7 PRE 
D 3 6 W 

o 4 s Vss 
VA00910 

Table 2. Absolute Maximum Ratings 

Symbol Parameter 

TA Ambient Operating Temperature 

TsTG Storage Temperature 

Figure 28. SO Pin Connections 

ST93eS67 
Ne 
s 
e 

Ne 
0 
Q 

Ne 
VA00911 

Warning: NC ~No Connection 

Value 

grade 1 0 to 70 

Ne 
Vee 
PRE 
Ne 
w 
Vss 
Ne 

grade 3 -40 to 125 
grade 6 -40 to 85 

-65 to 150 

Unit 

oc 

oc 

TLEAD Lead Temperature, Soldering (PS014 package) 40 sec 215 oc 
(PSDIP8 package) 10 sec 260 

V1o Input or Output Voltages -Q.3 to 6.5 v 
Vee Supply Voltage -Q.3 to 6.5 v 
VESD Electrostatic Discharge Voltage (Human Body model) 2000 v 

Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress rat1ngs only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

DESCRIPTION (cont'd} 

stream of data words. In this way the memory can 
be read as a continuous data stream from 16 to 
4096 bits long. Up to 4 words may be written in a 
single program cycle using the Page Write instruc­
tion. The memory may be 'erased', or set to a 
predetermined pattern, by using the Write All in­
struction. An external siganl controls Write Enable. 
A user defined area of the memory may be write 
protected. An external signal (PRE) enables ac­
cess to the Protect Register which stores the lowest 
address to be write protected. Data may be perma­
nently protected by programming an OTP bit which 
prevents further changes to the write protect start­
ing address and the protect flag. 

Programming is internally self-timed and does not 
require an erase cycle prior to the write instruction. 
The Write instruction writes 16 bits at one time into 
one of the 256 words, the Page Write instruction 
writes up to 4 words of 16 bits to sequential loca­
tions, both providing that all addresses are outside 
the write protect area. After the start of the program­
ming cycle a Busy/Ready signal is available on the 
Data Output when Chip Select is High. 

The design of the ST93CS67 and the High Endur­
ance CMOS technology used for its fabrication give 
a minimum Erase/Write cycle Endurance of 
1 ,000,000 cycles and a data retention of over 10 
years. 

:=2,~11~----------- ~ ~~©IH~cf~9~ --------------
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing 
Reference Voltages 

~ 20ns 

0.2Vcc to 0.8Vcc 

0.3Vcc to 0.7Vcc 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Table 3. Capacitance (TA = 25 oc, f = 1 MHz) 

Symbol Parameter 

c,N Input Capacitance 

CouT Output Capacitance 

Note: This parameter is sampled only and not tested 1 00%. 

Table 4. DC Characteristics 

ST93CS67 

Figure 3. AC Testing Input Output Waveforms 

o.BVcc ~ 0.7Vcc 

~D.3Vcc 
o.zvcc 

VAOOB25 

Test Condition Min Max Unit 

V1N = OV 5 pF 

VouT= OV 5 pF 

(TA = 0 to 70 oc, --40 to 85 oc or-40 to 125 oc; Vee= 2.5V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV~VIN~Vcc 2.5 !lA 

ILO Output Leakage Current OV ~ VouT ~Vee 2.5 !lA 

Icc 
Supply Current (TTL Inputs) S = V1H, f = 1 MHz 3 rnA 

Supply Current (CMOS Inputs) S = VJH, f = 1 MHz 2 rnA 

lcc1 Supply Current (Standby) S=OV 50 !lA 

V!L Input Low Voltage 4.5V ~Vee~ 5.5V -Q.1 0.8 v 

V1H Input High Voltage 4.5V ~Vee~ 5.5V 2 Vee+ 1 v 

v,L Input Low Voltage 2.5V ~Vee~ 5.5V -Q.1 0.2 Vee v 

v,H Input High Voltage 2.5V ~Vee~ 5.5V 0.8 Vee Vee+ 1 v 

loL=2.1mA 0.4 v 
VoL Output Low Voltage 

loL = 10 J.LA 0.2 v 
loH = -400!lA 2.4 v 

VoH Output High Voltage 
loH = -10!lA Vcc-0.2 v 

--------------------------- ~~~~~~~~~------------------------~3/~11 
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Table 5. AC Characteristics 
(T A= 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee= 2.5V to 5.5V) 

Symbol A It Parameter Test Condition Min Max 

IPRVCH !PRES Protect Enable Valid to Clock High 50 

twvcH IPES Write Enable Valid to Clock High 50 

ISHCH tess Chip Select High to Clock High 50 

!ovcH !01s Input Valid to Clock High 100 

lcHDX IDIH Clock High to Input Transition 100 

lcHOL IPDO Clock High to Output Low 500 

lcHOV IPD1 Clock High to Output Valid 500 

lcLPRX IPREH Clock Low to Protect Enable Transition 0 

ISLWX IPEH Chip Select Low to Write Enable Transition 250 

ICLSX tcsH Clock Low to Chip Select Transition 0 

ISLSH tcs Chip Select Low to Chip Select High Note 1 250 

ISHQV tsv Chip Select High to Output Valid 500 

ISLQZ !oF Chip Select Low to Output Hi-Z 100 

ICHCL ISKH Clock High to Clock Low Note 2 250 

lcLCH ISKL Clock Low to Clock High Note 2 250 

tw twp Erase/Write Cycle time 10 

fc fsK Clock Frequency 0 1 

Notes: 1. The Clock frequency specification calls for a minimum clock penod of 1 ~s. therefore the sum of the timings tcHcL + tcLcH 
must be greater or equal to 1 ~s. For example, 1f tcHcL IS 250 ns, then tcLcH must be at least 750 ns. 

2. Ch1p Select must be brought low for a minimum of 250 ns (lsLsH) between consecutive instruction cycles. 

Figure 4. Syncrounus Timing, Start and Op-Code Input 

PRE 

w 

c 

s 
-.J-----c-+,._ to VC H tCHDX 

D START OP CODE 

' --i START :- OP CODE INPUT --i 
' ' 

VA00887 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

MHz 
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Figure 5. Syncronous Timing, Read or Write 

c 

s 

D 

Q 

PRE 

w 

c 

s 

D 

Q 

--- ADDRESS INPUT -------..: ----DATA OUTPUT----
' 

VA00820 

------~------____________ _________JL___ _________ _ 

~------114---- tDVCH 

~~] An 

Hi-Z 

' 
' 

:---- ADDRESS / DATA INPUT-----..: 

tW 
' i-- WRITE CYCLE -------..: 
' ' 

VA00888 
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INSTRUCTIONS 

The ST93CS67 has eleven instructions which are 
shown in Table 6. The op-codes of the instructions 
are made up of 2 bits, preceded by a start bit which 
is always at logic '1 '. Some instructions use only 
these first two bits, others use also the first two bits 
of the address to define the op-code. The op-code 
is followed by an address for the word which is 
made up of eight bits A7-AO. 

The start sequence requires the Chip Select and 
Data Input signals to be set up before a Low to High 
transition of the Clock. For write instructions the 
Write Enable signal (W) must be High and for 
Protect Register instructions the Protect Register 
Enable signal (PRE) must also be High. 

Read 

The Read instruction (READ) outputs serial data 
on the Data Output Q. When a READ instruction is 
received, the instruction and address are decoded 
and the data from the memory is transferred into 
an output shift register. A dummy '0' bit is output 
first followed by the 16 bit word with the MSB first. 

Table 6. Instruction Set 

Instruction Description 
Op PRE 

Code 

READ Read Data from memory 10 '0' 

WRITE Write Data to memory 01 '0' 

PAWRITE Page Write to memory 11 '0' 

WRALL Write All 00 '0' 

WEN Write Enable 00 '0' 

WDS Write Disable 00 '0' 

PRREAD Protect Register Read 10 '1' 

PRWRITE Protect Register Write 01 '1' 

PRCLEAR Protect Register Clear 11 '1' 

PREN Protect Register Enable 00 '1' 

PROS Protect Register Disable 00 '1' 

Note: X= don't care or dummy address bit. 

Output data changes follow the Low to High tran­
sition of the Clock. The memory will automatically 
increment the address and will clock out the next 
word as long as the Chip Select line is held High. 
In this case the dummy '0' bit is NOT output be­
tween words and a continuous stream of data can 
be read. 

Write Enable 

When power is first applied to the ST93CS67 write 
operations are disabled. To enable write operations 
the Write Enable signal (W) must be High and a 
Write Enable instruction (WEN) must be executed. 
After the WEN instruction write operation remains 
enabled until either a Write Disable instruction 
(WDS) is executed or the supply is removed from 
the device. 

Write 

A Write instruction (WRITE) contains the address 
followed by the data to be written. The Write Enable 
signal (W) must be High before and during the 
WRITE instruction, but is subsequently ignored 
(don't care). Input address and data are read on 

w Address Data 
Additional 
Information 

X A7-AO 015-00 

'1' A7-AO 015-DO Write if address 
unprotected 

Write one to 4 

'1' A7-AO 015-DO words, if all 
addresses are 
unprotected 

'1' 01XXXXXX 015-DO Write all if Protect 
Register cleared 

'1' 11XXXXXX 

'1' ooxxxxxx 
Data Output is 

X xxxxxxxx 08-00 Protect Address (A7-
AO) plus Protect Flag 

'1' A7-AO Data above A7-AO is 
protected 

'1' 11111111 Protect Flag also 
cleared ('1 ') 

'1' 11XXXXXX 

OTP Flag set, 

'1' 00000000 prevents any further 
change to Protect 
Register 

6/11 ,.-= SGS·DIOMSON .:::....:..;___ ____________ A."'fl ~O@ll©rno.rn©'iflliJ@o:<JO©® --------------
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Figure 6. READ, WRITE, WEN, WDS Sequence 

READ s J L_ 

D 

Q 
~ ~-.-.-.-.-.-.-.-.-.-Ool -­
~-·-·-·-·-·-·-·-·-·-~ 

ADDR DATA OUT 

WRITE s J u L 
CHECK 
STATUS D [1 ,.,r:;r;:r:;-r-r-,-{cilF-,-,-,-,-,-,-,-,-,-:sol 

--&..J I Lj ~~-~-~-1-1-1-1-1-1-1-1-1-L_..J...JL..J..-!------;---

Q --~-~----~~ 

ERASE 
WRITE 
ENABLE 

s 

D 

J 

INSTRUCTIONS (cont'd) 

:op: ADDR 
CODE 

:oP 
CODE 

L 

the Low to High transition of the clock. After the LSB 
of data has been received, the Chip Select signal 
(S) must be brought Low before the next rising 
edge of the Clock (C). The falling edge of Chip 
Select (S) initiates the internal, self·timed write 
cycle, providing that the address is NOT in the 
protected area. If Chip Select (S) is brought High 
again after a minimum time of tSLSH then the Data 
Output (D) will indicate the Busy/Ready status. 
During the write cycle, the Data Output will indicate 
Busy D = '0' and after the cycle is completed and 
the memory is ready for another instruction, Ready 
D = '1'. 

Page Write 

A Page Write instruction (PAWRITE) contains the 
first address to be written followed by up to 4 data 
words. The Write Enable signal (W) must be High 
before and during the Write instruction, but is sub-

DATA IN ~BUSY: READY: 

ERASE S J 
WRITE 

L 
DISABLE 

D~~:~L 
: op: 
CODE 

VA00899 

sequently ignored (don't care). Input address and 
data are read on the Low to High transition of the 
clock. After the receipt of each data word bits A 1 -AO 
of the internal address register are incremented, 
the high order bits A7-A2 remaining unchanged. 
Users must take care by software to ensure that 
the last word address has the same five upper 
order address bits as the the initial address trans­
mitted to avoid address roll-over. 

After the LSB of the last data word, Chip Select (S) 
must be brought Low before the next rising edge of 
the Clock (C). The falling edge of Chip Select (S) 
initiates the internal, self-timed write cycle. The 
write operation will proceded only if NONE of the 
addresses of the 1 -4 data words has its address 
bits A7-A2 within the protected area. During the 
write cycle, the Data Output will indicate Busy D = 
'0' and after the cycle is completed and the memory 
is ready for another instruction, Ready D = '1 '. 

______________ ~ ~i~©m~~~~~ ____________ .:_:7/..:....:_11 
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Figure 7. PAWRITE, WRALL Sequence 

PAGE 
WRITE 

s_j u L 
CHECK 
STATUS I .--~-~-~-~-~-~-r-I-1-I-::DPJ 

D _.j1 1 1 ~--~-'-'-'-'-'-'-'-'-'-.L._...L..JDOL.....L., _;_ ____ ,__ 

WRITE 
ALL 

Q 

s J 
:op: ADDR 
CODE 

DATA IN 

~ 
;BUSY; READY; 

u L 
CHECK 
STATUS l,']n n rJ~TJ.-,-~-,-,-,-,-,-,-,-,-,-:n:ol 

o ~, ~, L.:~P_,_x~_,_,_,_,_,_,_,_,_,_.__...L..Jo,_o.~... -------

Q ~~--~--------~~ 

INSTRUCTIONS (cont'd) 

Write All 

: op: ADDR 
CODE 

The Write All instruction (WRALL) is valid only after 
the Protect Register has been cleared by executing 
a PRCLEAR (Protect Register Clear) instruction. 
The Write All instruction simultaneously writes all 
memory locations with the data word included in 
the instruction. The Write Enable signal (W) must 
be High before and during the Write instruction, but 
is subsequently ignored (don't care). Input address 
and data are read on the Low to High transition of 
the clock. During the write cycle, the Data Output 
indicates Busy D = '0' and after the cycle is com­
pleted and the memory is ready for another instruc­
tion, Ready D = '1 ·. 

Write Disable 

The Write Disable instruction (WDS) disables all 
write operations. It should be used after all write 
instructions to disable writing to the memory and 
provide protection against noise and. accidental 
write operations. 

Write Disable does not affect the Read operations. 

DATA IN j BUSY; READY j 

VA00900 

MEMORY WRITE PROTECTION 

The ST93CS67 contains a specific Protect Regis­
ter. This register stores the bottom address of the 
memory area which is protected against write to­
gether with two flag bits, the Protect Flag which 
indicates the protection status and an OTP bit 
which may be set to permanently disable access to 
the Protect Register and thus prevent any further 
changes to the memory protection setting. The 
address from which the memory is to be protected 
is loaded using the PRWRITE instruction, it may be 
read using the PRREAD instruction. There is a 
specific instruction, Protect Register Enable 
(PREN), to enable the protect instructions 
PRCLEAR, PRWRITE and PROS, this is used 
together with the Protect Register Enable signal 
(PRE). 

In order to program the protection the Write Enable 
instruction must first be executed. This is followed 
by asserting both Write Enable (W) and Protect 
Register Enable (PRE) signals and executing the 
PREN instruction. The protection may then be set 
using Protect Register Write (PRWRITE), cleared 
using the Protect Register Clear (PRCLEAR) or set 
permanently using the Protect Register Disable 
(PROS) instructions. 

~8/~1~1 _________________________ ~ ~~~~~~~~~?©~ -----------------------------
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Figure 8. PRREAD, PRWRITE, PREN Sequence 

PROTECT S 
REGISTER 
READ 

PROTECT 
REGISTER 
WRITE 

PROTECT 
REGISTER 
ENABLE 

Q --++-----LE~!~ 
I I I I I 

' ' ' 
: OP: ADDR ' ' DATA OUT 
CODE 

s_j u L 
CHECK 
STATUS 

D ~~!L~~.~--------~-
Q 

, ' ' 
' ' ' 
' ' ' 
' ' ' ' ' ' ' 

:op: ADDR 
CODE 

ss----1_ 

VA00901 

MEMORY WRITE PROTECTION (cont'd) Protect Register Enable 

ST93CS67 

Protect Register Read 

The Protect Register Read instruction (PRREAD) 
outputs on the Data Output Q the address stored, 
followed by the Protect Flag status bit. The Protect 
Register Enable signal (PRE) must be High before 
and during the instruction. As in the Read instruc· 
!ion a dummy '0' bit is output first. 

The Protect Register Enable instruction (PREN) is 
used to enable the PRCLEAR, PRWRITE and 
PROS instructions. A Write Enable (WEN) instruc­
tion must be executed before the Protect Enable 
instruction. Both the Protect Enable (PRE) and 
Write Enable (W) signals must be High before and 
during the instruction execution. 

Since it is not possible to distinguish between the 
status when the Protect Register is cleared (all1 's) 
and when it is written with all1 's, users must check 
the Protect Flag status, not the Protect Register 
contents to ascertain the setting of the memory 
protection. 

Protect Register Clear 

The Protect Register Clear instruction (PRCLEAR) 
clears the address stored in the protect register to 
all1 's, and thus enables all registers for WRITE and 
WRALL instructions. It also clears the Protect Flag 
to '1 '. Both the Protect Enable (PRE) and Write 

-------------------------I..V ~~©mg::~~~ ________________________ 9,_11 
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Figure 9. PRCLEAR, PROS Sequence 

PROTECT s _j u L 
REGISTER CHECK 
CLEAR 

~----~ 
STATUS 

D 

' ' ' 

Q LJ L 

: op: ADDR :susy: READY: 
CODE 

PROTECT s _j u L 
REGISTER CHECK 
DISABLE 

~---0 
STATUS 

D 

Q 

; OP; 
CODE 

MEMORY WRITE PROTECTION (cont'd) 

Enable (W) signals must be High before and during 
the instruction execution, but are subsequently ig­
nored (don't care). 

A PREN instruction must immediately precede the 
PRCLEAR instruction. 

Protect Register Write 

The Protect Register Write instruction (PRWRITE) 
is used to write into the protect register the address 
of the first memory location to be protected. After 
the instruction all memory locations equal to and 
above the location specified are protected from 
writing. The Protect Flag status bit is set to '0'. Both 
the Protect Enable (PRE) and Write Enable (W) 
signals must be High before and during the instruc­
tion execution, but are subsequently ignored (don't 
care) . 

LJ L 
' ' ' 

ADDR ;BUSY; READY; 

VA00902 

A PREN instruction must immediately precede the 
PRWRITE instruction, but it is not neccessary to 
execute first a PRCLEAR. 

Protect Register Disable 

Caution: The Protect Register Disable instruction 
(PROS) is a ONE TIME ONLY instruction which 
makes the Protect Register unalterable in the fu­
ture, it does this by setting a One lime Program­
mable bit in the Protect Register. Both the Protect 
Enable (PRE) and Write Enable (W) signals must 
be High before and during the instruction execu­
tion, but are subsequently ignored (don't care). 

A PREN instruction must immediately precede the 
PROS instruction. 

..:..:10::.,1.:...:1 ___________ ~ ~~©IH~'I-------------
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ORDERING INFORMATION 

Example: ST93CS67 ML 013TR 

ML PS014 

Temperature Range 

Oto70°C 

3 -40 to 125 oc 
6 -40to85°C 

Parts are shipped with the memory content set at all "1 's" (OFFFFh). 

ST93CS67 

For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 
For further information on any aspect of this device, please contact our Sales Office nearest to you. 

_____________ i.W ~~m~'~q~ ___________ ...:.1.:.:.11.:....:.11 
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M28C64C 

PARALLEL ACCESS CMOS 64K (8K x 8) EEPROM 

• FAST ACCESS TIME: 150, 200ns 

• SINGLE SUPPLY VOLTAGE: 5V ± 10% 

• LOW POWER CONSUMPTION: 
- Active Current 30mA 

- Standby Current 1 OO!lA 

• FAST WRITE CYCLE: 

- 32 Bytes Page Write Operation 
- Byte Or Page Write Cycle: 5ms 

• ENHANCED END OF WRITE DETECTION: 
- Ready/Busy Open Drain Output 

- Data Polling 
-Toggle Bit 

• PAGE LOAD TIMER STATUS BIT 

• HIGH RELIABLITY SINGLE POLYSILICON, 
CMOS: 

- Endurance > 1 00,000 Erase/Write Cycles 

- Data Retention > 1 0 Years 

• JEDEC APPROVED BYTEWIDE PIN OUT 
• ADDRESS AND DATA LATCHED ON-CHIP 

DESCRIPTION 

The M28C64C is an 8K x 8 low power EEPROM 
fabricated with SGS-THOMSON proprietary single 
polysilicon CMOS technology. The device offers 
fast access time (150ns) with low power dissipation 
and requires a 5V power supply. 

Table 1. Signal Names 

AO- A12 Address Input 

DQ0-007 Data Input I Output 

E: Chip Enable 

G Output Enable 
-w Write Enable 

RB Ready I Busy 

Vee Supply Voltage 

Vss Ground 

May 1992 

1 

PDIP28 

28~ 
1 

PS028 (M) 
330 mils 

Figure 1. Logic Diagram 

Vee 

13 

AO-A12 

E M2Se64e 

G 

w 

Vss 

PLCC32 

8 

000-007 

RB 

VA00746 
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Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature: grade 1 0 to 70 oc 
grade 6 -40to85 

Tsm Storage Temperature Range -65to 150 oc 
Vee Supply Voltage -0.3 to 6.5 v 

v,o Input or Output Voltages -0.3 to 6.5 v 

VEso Electrostatic Discharge Voltage (Human Body model) 2000 v 

Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratmgs only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification IS not implied. Exposure to Absolute Max1mum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

Figure 2A. DIP Pin Connections 

RB '-./ 28 Vee 
Al2 2 27 w 

A7 3 26 Ne 
A6 4 25 AS 
A5 5 24 A9 
A4 6 23 All 
A3 7 M2Se64e 22 G 
A2 8 21 AID 
AI 9 2D E 
AD ID 19 DQ7 

DQD II 18 DQ6 
DQI 12 17 DQ5 
DQ2 13 16 004 
Vss 14 15 DQ3 

VA00747 

Warning: NC =No Connection 

Figure 2C. SO Pin Connections 

RB 
A12 
A7 
A6 
A5 
A4 
A3 
A2 
AI 
AD 

DQO 
DQI 

DQ2 

Vss '-'-'-'------'-''-.r" 
VA00876 

Warning: NC =No Connection 

Vee 
w 
Ne 
AS 
A9 
All 
G 
AID 
E 
DQ7 
DQ6 
DQ5 
DQ4 
DQ3 

Figure 28. LCC Pin Connections 

A6 

A5 

A4 

AI 

AO 

NC 
DQO 

Warning: NC = No Connection 

A8 

A9 

All 

NC 

G 
AID 

E 

007 
006 

VA00748 

The circuit has been designed to offer a flexible 
microcontroller interface featuring both hardware 
and software handshaking with Ready/Busy, Data 
Polling and Toggle Bit. The M28C64C supports 32 
byte page write operation. 

PIN DESCRITPION 

Addresses (AO·A12). The address inputs select 
an 8-bit memory location during a read or write 
operation. 

Chip Enable (E). The chip enable input must be 
low to enable all read/write operations. When Chip 
Enable is high, power consumption is reduced. 

Output Enable (G). The Output Enable input 
controls the data output buffers and is used to 
initiate read operations. 

Data In/ Out (DQO • DQ7). Data is written to or read 
from the M28C64C through the 1/0 pins. 

2/10 ~ SGS·lHOMSON =-c..::..... _____________ lit.""fl ~um©rn~rn=©li!IU©lil ----------------
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Figure 3. Block Diagram 

RB 

A5-A12 

X 

AO-A4 

Table 3. Operating Modes 

Mode E G 

Read V1L V1L 

Write V1L V1H 

Standby I Write Inhibit ViH X 

Write Inhibit X X 

Write Inhibit X ViL 

Output Disable X VIH 

G W 

64K ARRAY 

1/0 BUFFERS 

DQ0-007 

w 

V1H 

VIL 

X 

V1H 

X 

X 

M28C64C 

PLTS 
TOGGLE BIT 
DATA POLL 

VA00877 

DQO- DQ7 

Data Out 

Data In 

Hi-Z 

Hi-Z 
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PIN DESCRIPTION (cont'd) 

Write Enable ( W ). The Write Enable input con­
trols the writing of data to the M28C64C. 

Ready/Busy ( RB ). Ready/Busy is an open drain 
output that can be used to detect the end of the 
internal write cycle. 

OPERATION 

Read 

The M28C64C is accessed like a static RAM. 
When E and G are low with W high, the data 
addressed is presented on the 1/0 Qlns._The 1/0 
pins are high impedance when either GorE is high. 

Write 

Write opera!!Qns are initiated when both W and E 
are low and G is high.The M28C64C supports both 
E and W controlled write cycl~. TQf! Address is 
latched by the falling edge of E or W which ~er 
occurs last and the Data on the rising edge of E or 
W which ever occurs first. Once initiated the write 
operation is internally timed until completion within 
5ms. 

Page Write 

Page write allows up to 32 bytes to be consecu­
tively latched into the memory prior to initiating a 
programming cycle. All bytes must be located in a 
single page address, that is A5 - A 12 must be the 
same for all bytes. The page write can be initiated 
during any byte write operation. Following the first 
byte write instruction the host may send another 
address and data.),!p tQ.il maximum of 10011s after 
the rising edge of E or W which ever occurs first. If 
a transition of E or W is not detected within 1 OO~!s, 
the internal programming cycle will start. 

Microcontroller Control Interface 

The M28C64C provides two write operation status 
bits and one status pin that can be used to minimize 
the system write cycle. These signals are available 
on the 1/0 port bits DQ? or DQ6 of the QJemory 
during programming cycle only, or as the RB signal 
on a separate pin. 

Figure 4. Status Bit Assignment 

DQ? 006 005 004 DQ3 002 001 DOD 

I DP I TB I PLTS I Hi-Z I Hi-Z I Hi-Z I Hi-Z I Hi-Z I 

DP ~ Data Polling 
TB ~ Toggle Bit 
R ~ Reserved. defrmtion pending 
PLTS ~ Page Load T1me Status 

Data Polling bit (DQ7). During the internal write 
cycle, any attempt to read the last byte written will 
produce on DO? the complementary value of the 
previously latched bit. Once the write cycle is fin­
ished the true logic value appears on DQ? in the 
read cycle. 

Toggle bit (DQ6). The M28C64C also offers an­
other way for determining when the internal write 
cycle is completed. During the internal Erase/Write 
cycle, D06 will toggle from "0" to "1" and "1" to "0" 
(the first read value is "0") on subsequent attempts 
to read the memory. When the internal cycle is 
completed the toggling will stop and the device will 
be accessible for a new Read or Write operation. 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing Ref. Voltages 

~ 20ns 

0.4V to 2.4V 

O.BV to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 5. AC Testing Input Output Waveforms 

2.4V 
~2.0V 

0 4V 
~0.8V 

Figure 6. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

1.3V 

I1N914 

CL includes JIG copoc1tance 

VA00826 

OUT 

VA00828 

~4/~1~0-------------------------~~i~@~~~:~~@~ -----------------------------
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M28C64C 

Table 4. Capacitance (TA = 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition Min Max Unit 

GiN Input Capacitance v,N = ov 6 pF 

GouT Output Capacitance VouT= OV 12 pF 

Notes. 1. Vee must be applied simultaneously w1th or before Vpp and removed Simultaneously w1th or after Vpp. 
2. Th1s parameter 1s sampled only and not tested 100%. 

Table 5. Read Mode DC Characteristics 
(TA = 0 to 70 oc or -40 to 85 oc, Vee= 5V ± 1 0%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV $ V1N $Vee 10 J.IA 

ILO Output Leakage Current OV :> V1N 5 Vee 10 J.IA 

Icc Supply Current E = V1L, G = V1L , f = 5 MHz 30 rnA 

lee1 
Supply Current (Standby) 
TTL 

Supply Current (Standby) 
lee2 CMOS 

V1L Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage 

VoH Output High Voltage 

OPERATION (cont'd) 

Page Load Timer Status (0051. In !b_e Page Write 
mode data may be latched by E or W up to 1 OO!ls 
after the previous byte. Up to 32 bytes may be 
input. The Data output (005) indicates the status 
of the internal Page Load Timer. 005 may be read 
by asserting Output Enable Low. 005 Low indi-

E=VIH 2 rnA 

-
E > Vcc-0.3V 100 J.IA 

-0.3 0.8 v 
2 Vee +0.5 v 

loL = 2.1 rnA 0.4 v 

loH =-400 J.IA 2.4 v 

cates the timer is running, High indicates time-out 
after which the write cycle will start and no new data 
may be input. 

Ready/Busy pin. The RB pin provides a signal at 
its open drain output which is low during the 
erase/write cycle, but which is relased at the com­
pleting of the programming cycle. 

--------------~ ~i~.;ID~l9©~ -------------=51...:..::.10 
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M28C64C 

Table 6. Read Mode AC Characteristics 
(TA = 0 to 70 oc or -40 to 85 oc, Vee= 5V ± 1 0%) 

M28C64C 
Symbol All Parameter Test Condition -150 ·200 Unit 

min max min max 
- -

IAVOV lAce Address Valid to Output Valid E = V1L, G = V1L 150 200 ns 

IELQV teE 
Chip Enable Low to Output G =VIL 150 200 ns 
Valid 

Output Enable Low to Output -
IGLQV toE Valid E= V1L 75 100 ns 

lEHaz 111 Chip Enable High to Output -
loF Hi-z G =VIL 0 50 0 60 ns 

IGHQZ(I) Output Enable High to Output -
loF Hi-Z E = V1L 0 50 0 60 ns 

Address Transition to Output - -
IAXQX loH Transition E = v,L, G = v,L 0 0 ns 

Note: 1. Output float IS defined as the po1nt where data IS no longer dnvmg. The parameter 1s sampled only and not 100% tested. 

Figure 7_ Read Mode AC Waveforms 

AO-A12 ~ ________ v_AL_ID ____________ ~~~------
~ tAVOV tAXQX -t---~-

E 

G 

Hi-Z 
DQ0-007 DATA OUT 

VA00749 

:=;_6/_,_10:..__ ___________ ~~~©It&~~~~~--------------
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M28C64C 

Table 7. Write Mode AC Characteristics 
(TA = 0 to 70 oc or -40 to 85°C, Vee= 5V ±1 0%) 

Symbol All Parameter Test Condition Min Max Unit 
- -

IAVWL lAs Address Valid to Write Enable Low E = V[L, G = VIH 0 ns 
-

lA VEL lAs Address Valid to Chip Enable Low G = V!H, w = V!L 0 ns 
-

IELWL IcES Chip Enable Low to Write Enable Low G=ViH 0 ns 

IGHWL leES 
Output Enable High to Write Enable -

Low E= VIL 0 ns 

-
tGHEL IOES Output Enable High to Chip Enable Low W=VIL 0 ns 

-
IWLEL twES Write Enable Low to Chip Enable Low G=VIH 0 ns 

IWLAX IAH Write Enable Low to Address Transition 150 ns 

IELAX IAH Chip Enable Low to Address Transition 150 ns 
- -

lwLDV lev Write Enable Low to Input Valid E = VIL, G = VIH 1 ~s 

- -
IELDV lev Chip Enable Low to Input Valid G = VIH, w = VIL 1 ~s 

IWLWH lwp Write Enable Low to Write Enable High 150 ns 

IELEH lwP Chip Enable Low to Chip Enable High 150 ns 

IWHEH lcEH Write Enable High to Chip Enable High 0 ns 

IWHGL IOEH 
Write Enable High to Output Enable 0 ns Low 

IEHGL loEH Chip Enable High to Output Enable Low 0 ns 

IEHWH IWEH Chip Enable High to Write Enable High 0 ns 

IWHDX toH Write Enable High to Input Transition 0 ns 

IEHDX loH Chip Enable High to Input Transition 0 ns 

IWHWL IWPH Write Enable High to Write Enable Low 200 ns 

IWHWH IsLe Byte Load Repeat Cycle Time 100 ~s 

IWHRH I we Write Cycle Time 5 ms 

IWHRL los Write Enable High to Ready/Busy Low Note 1 50 ns 

IEHRL los Chip Enable High to Ready/Busy Low Note 1 50 ns 

Note: 1. With a 3.3kQ pull-up resistor. 

"="= SGS·lHOMSON 7/10 ---------------- .. .,1 i:IIO©Il!l@§~~©'iilJil@~O©§ --------------~ 
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M28C64C 

Figure 8. Write Mode AC Waveforms - Write Enable Controlled 

AO-A12 

--------~--~~tWHGL 

w 

DQO-DQ7 IN 

t WH R L ---t----.1 

RB 

VA00750 

Figure 9. Write Mode AC Waveforms -Chip Enable Controlled 

AO-A12 

w 

DQ0-007 

tDVEH --

tEHRL 

RB 

VA00751 
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Figure 10. Page Write Mode AC Waveforms 

AO-A12 

~ o o o_;_~-_\ o o 1 
-----~ 

r--

' I 

DQD-DQ7 

DQ5 

~-1+-- tWHRL 

RB 
''------ -----------_____ __J 

VA00752 

Figure 11. Data Polling Waveforms Sequence 

AO-A12 

E _____FV--~ 
' 

G u--~ 

w J 
007 ~--~ 

WRITE POLL READY 

VA00753 

M28C64C 

---------------~~~~@~~~9~-------------~9/~10 
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M28C64C 

Figure 12. Toggle Bit Waveforms Sequence 

A0-A12 

w 

DQ6 

--------------------
' ' ___f\__f\_J--\__/\J_J 
' ' ' ' 

-----r-vu--~ 

J 
' ' ' ' ' ' 

' ' 
' 

~--~ 
' ' WRITE TOGGLE ' READY 

VA00754 

ORDERING INFORMATION 

Example: M28C64C -150 K 1 

L 
Speed I Temperature Range I 

-150 150 ns K 1 Oto70°C 

-200 200 ns P 6 -40to85°C 

M PS028 
330 mils 

For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you . 

..:..:10::.../1:..::0 _____________________ 1i;j ~~@~~~14 ------------------------
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M621064 

VERY FAST CMOS 64K x 1 SRAM 

• 64K x 1 CMOS FAST SRAM 

• EQUAL CYCLE AND ACCESS TIMES: 
10, 12, 15, 20ns 

• SEPARATE DATA INPUT AND DATA OUTPUT 
PINS 

• JEDEC PLASTIC SOJ and DIP, 300 mil PACK­
AGES 

DESCRIPTION 

The M621064 is a 64K (65,536 bit) Fast CMOS 
SRAM, organized as 65,536 words by 1 bit. It is 
fabricated using SGS-THOMSON'sAdvanced, low 
power, high performance, CMOS technology. The 
device features fully static operation requiring no 
external clocks or timing strobes, with equal ad­
dress access and cycle times. It requires a single 
5V ± 10% supply, and all inputs and outputs are 
TTL compatible. 

Table 1. Signal Names 

AO-A15 Address Inputs 

D Data Input 

Q Data Output 

E: Chip Enable 

-w Write Enable 

Vee Supply Voltage 

Vss Ground 

May 1992 

22~ 
PSDIP22 (PS) 

Figure 1. Logic Diagram 

Vee 

D 

AO-A15 M621064 

w 

E 

Vss 

PSOJ24 (E) 
300 mils 

Q 

VA00953 
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M621064 

Figure 2A. SDIP Pin Connections Figure 28. SOJ Pin Connections 

AO Vee 
AO 1 24 Vee 
A1 2 23 A15 

A1 A15 A2 3 22 A14 
A2 A14 A3 4 21 A13 
A3 A13 A4 5 20 A12 
A4 A12 
A5 A11 

A5 6 
M621064 19 NC 

NC 7 18 A 11 
A6 A10 A6 8 17 A10 
A7 A9 A7 9 16 A9 

Q A8 
w D 

Vss E 

Q 10 15 AS 
w 11 14 D 

Vss 12 13 E 
VA00954 

VA00955 

Warning: NC = No Connection. 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature o to 70 oc 

TsrG Storage Temperature -65 to 150 oc 
V1o(1l Input or Output Voltages -D.5 to Vee+ 0.5 v 

Vee Supply Voltage -D.5 to 7 v 
lo (2) Output Current 25 rnA 

Po Power Dissipation 1 w 
Notes: 1. Up to a max1mum operating Vee of 5.5V only. 

2. One output at a time, not to exceed 1 second duration. 

Table 3. Operating Modes 

Mode E w D a Power 

Read V1L VJH X Data Output Active 

Write V1L V1L Data Input Hi-Z Active 

Deselect V1H X X Hi-Z Standby 

Note: X = v,H or v,L 

2/6 
=-=------------- i:fi ~i§©lt&~~~Y©~ --------------
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READ MODE 

The M621 064 is in the Read mode whenever Write 
Enable (W) is High, with Chip Enable (E) asserted 
Low. This provides access to data from one of the 
65,536 locations in the static memory array, spec­
ified by the 16 address inputs. Valid data will be 
available at the Q output pin within tAvav after the 
last stable address, if E is Low. If Chip Enable 
access time is not met, data access will be mea­
sured from the limiting parameter (tELav) rather 
than the address. Data out may be indeterminate 
at tELax, but datalines will always be valid at tAvav. 

WRITE MODE 

The M621 064 is in the Write mode whenever the 
i(il and E pins are Low. Either th~Chip Enable input 
(E) or the Write Enable input (W) must be de-as­
serted during Address transitions for subsequent 
write cycles. Write begins with the concurrence of 
Chip Enable being active with W Low. Therefore, 
address setup time is referenced to Write Enable 
and Chip Enable as tAvwL and tAVEL respectively, 
and is determined by the latter occurring edge. The 
Write cyQ]e C!!!) be terminated by the earlier rising 
edge of E or W. 

!!Jhe Output is enabled (E Low and W High), then 
W will return the outputs to high impedance within 
twLOz of its falling edge. Data input must be valid 
for tovwH before the rising edge of Write Enable, or 
for tovHE before the rising edge of E whichever 
occurs first, and remain valid for twHDX or tEHox. 

Table 4. Capacitance <1l (TA = 25 oc, f = 1 MHz) 

Symbol Parameter 

c,N Input Capacitance 

Gaur 12' Output Capacitance 

Notes: 1. Sampled, not100% tested 
2. Output deselected 

M621064 

OPERATIONAL MODE 

The M621 064 has a Chip Enable power down 
feature which invokes an automatic standQ¥ mode 
whenever Chip Enable is de-asserted (E High). 
Operation'!!_ mode~ are determined by device con­
trol inputs W and E as summarized the Operating 
Mode table. 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

,; 1.5ns 

Oto3V 

Input and Output Timing Ref. Voltages 1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

5V 

4700 

2400 CL =30pF or 5pF 

CL includes JIG capac1tance 

VAOOB29 

Test Condition Min Max Unit 

v,N = ov 6 pF 

Vour=OV 8 pF 

-------------~iii ~itmgm~~~~ -------------=3='6 
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M621064 

Table 5. DC Characteristics (TA = 0 to 70 oc, Vee = 5V ± 1 0%) 

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current OV::;V,N$Vcc ±1 

ILO Output Leakage Current OV::;VouT$Vcc ±5 

Icc 11 l Supply Current Vee =5.5V 160 

lcc1 12l Supply Current (Standby) TTL Vee = 5.5V, E = V1H, f = 0 40 

lcc1 (S) Supply Current (Standby) CMOS Vee= 5.5V, E ~Vee- 0.2V, f = 0 10 

v,L Input Low Voltage -0.3 0.8 

V1H Input High Voltage 2.2 Vee+ 0.3 

VoL Output Low Voltage loL = 8mA 0.4 

VoH Output High Voltage loH =-4mA 2.4 

Notes: 1. Average Ae current, Outputs open, cycling at tAvAv minimum 
2. All other Inputs at V1L,; 0 BV or V1H <: 2.2V 
3. All other Inputs at V1L,; 0.2V or V1H <:Vee- 0.2V 

Table 6. Read Mode AC Characteristics (TA = 0 to 70°C, Vee= SV ± 10%) 

Symbol Parameter 

IAVAV Read Cycle Time 

tAVOV 111 Address Valid to Output Valid 

tELQV(') Chip Enable Low to Output Valid 

tELOX (2) Chip Enable Low to Output Transition 

tEHOZ (2) Chip Enable H1gh to Output 
Hi-Z 

tAXQX (1) Address Transition to Output 
Transition 

Notes: 1. CL = 30pF 
2. eL= 5pF 

Figure 4. Read Mode AC Waveforms 

tAVQV 

-10 

Min Max 

10 

10 

10 

3 

0 5 

3 

•' 
- tELQV _____. 

- tELQX--+ 

Q 

M621064 

-12 -15 

Min Max Min Max 

12 15 

12 15 

12 15 

3 3 

0 7 0 8 

3 3 

tAXQX -
l:tEHQZ_. 

l 

VALID r---

VA00956 

Min 

20 

3 

0 

3 

-20 

Max 

20 

20 

10 

Unit 

!lA 

!lA 

rnA 

rnA 

rnA 

v 

v 

v 

v 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 
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M621064 

Table 7. Write Mode AC Characteristics (TA = 0 to 70°C, Vee= 5V ± 10%) 

M621064 

Symbol Parameter ·10 ·12 ·15 ·20 Unit 

Min Max Min Max Min Max Min Max 

tAVAV Write Cycle Time 10 12 15 20 ns 

tAVWL Address Valid to Write Enable Low 0 0 0 0 ns 

tAVWH Address Valid to Write Enable High 9 9 10 12 ns 

tAVEH Address Valid to Chip Enable H1gh 9 9 10 12 ns 

twLWH Write Enable Pulse Width 9 9 10 12 ns 

twHAX 
Write Enable High to Address 

0 0 0 0 ns Transition 

twHDX Write Enable High to Input Transition 0 0 0 0 ns 

tEHDX Chip Enable High to Input Transition 0 0 0 0 ns 

twHOX(l) Write Enable High to Output Transition 0 0 0 0 ns 

twLOZ (l) Write Enable Low to Output Hi-Z 0 5 0 8 0 8 0 10 ns 

tAVEL Address Valid to Chip Enable Low 0 0 0 0 ns 

tELEH Chip Enable Low to Chip Enable High 7 9 10 15 ns 

tEHAX 
Chip Enable High to Address 

0 0 0 0 ns Transition 

tovwH Input Valid to Write Enable High 5 7 8 10 ns 

tovEH Input Valid to Chip Enable High 5 7 8 10 ns 

Note: 1. e, = SpF 

Figure 5. Write Enable Controlled, Write AC Waveforms 

~ \AVAV 

AO-A 15 ==:A(-----V-A_LI_D --------.t 
\AVWH 

- tAVEL -\WHAX 

\ I 
tWLWH - tAVWL ~ 

w - tWLQZ ~ f.- tWHOX-

~ tWHDX~ -I 
DATA INPUT t 

~ -
tDVWH ___, 

I 
\.... 

D 

0 

VA00957 
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M621064 

Figure 6. Chip Enable Controlled, Write AC Waveforms 

tAVAV 
~ 

AO-A15 __j VALID 

tAVEH - tAVEL ~ - tEHAX ~ 

VWL_b tELEH 

\ 
tA 

w 

DATA 

f.- tEHDX~ 
INPUT 

I 
D 

~ tDVEH--~ 
Hi-Z 

Q 

ORDERING INFORMATION 

-10 

-12 

Example: 

Speed 

10 ns 

12 ns 

-15 15 ns 

-20 20 ns 

M621064 -10 E 1 

VA00958 

For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

~ s ~------------~~~w~gm~~~~--------------------------
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M624016 

VERY FAST CMOS 16K x 4 SRAM 

• 16K x 4 CMOS FAST SRAM 

• EQUAL CYCLE AND ACCESS TIMES: 
10, 12, 15,20ns 

• TRI-STATE COMMON 1/0 

• JEDEC PLASTIC SOJ and DIP, 300 mils PACK­
AGES 

DESCRIPTION 

The M624016 is a 64K (65,536 bit) Fast CMOS 
SRAM, organized as 16,384 words by 4 bits. It is 
fabricated using SGS-THOMSON's Advanced, low 
power, high performance, CMOS technology. The 
device features fully static operation requiring no 
external clocks or timing strobes, with equal ad­
dress access and cycle times. It requires a single 
5V ± 10% supply, and all inputs and outputs are 
TTL compatible. 

Table 1. Signal Names 

AO -A13 Address Inputs 

DQ0-003 Data Inputs I Outputs 

E Chip Enable 
-w Write Enable 

Vee Supply Voltage 

Vss Ground 

May 1992 

22~ 
PSDIP22 (PS) 

Figure 1. Logic Diagram 

Vee 

14 

AO-A13 

M624016 

w 
E 

Vss 

PSOJ24 (E) 
300 mils 

4 

DQ0-003 

VA00943 

1/6 

571 



M624016 

Figure 2A. SDIP Pin Connections Figure 28. SOJ Pin Connections 

AS Vee 
AS 24 Vee 
A6 2 23 A4 

A6 A4 A7 3 22 A3 
A7 A3 AS 4 21 A2 
AS A2 A9 s 20 A1 
A9 A1 

A10 AO 
A10 6 M624016 19 AO 
A11 7 18 NC 

A11 003 
A12 002 
A13 001 

E 000 
Vss w 

A12 8 17 003 
A13 9 16 002 

E 10 15 001 
NC 11 14 DQO 

Vss 12 13 w 
VA00944 

VA00945 

Warning: NC = No Connection. 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature 0 to 70 oc 
Tsm Storage Temperature -65 to 150 oc 
v,o!1) Input or Output Voltages -0.5 to Vee+ 0.5 v 
Vee Supply Voltage -o.5to 7 v 
Ia (2) Output Current 25 mA 

Po Power Dissipation 1 w 
Notes: 1. Up to a max1mum operating Vee of S.SV only. 

2. One output at a time, not to exceed 1 second duration. 

Table 3. Operating Modes 
-

Mode E w DQO-DQ3 Power 

Read VJL V1H Data Output Active 

Write VJL V1L Data Input Active 

Deselect V1H X Hi-Z Standby 

Note: X = IT1H or VJL 

2/6 =-=-------------;.::;; ~~m~,~~©~ -------------
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READ MODE 

The M624016 is in the Read mode whenever Write 
Enable (W) is High, with Chip Enable (E) asserted 
Low. This provides access to data from four of the 
65,536 locations in the static memory array, spec­
ified by the 14 address inputs. Valid data will be 
available at the four Q output pins within tAvov after 
the last stable address, providing E is Low. If Chip 
Enable access time is not met, data access will be 
measured from the limiting parameter tELov, rather 
than the address. Data out may be indeterminate 
at tELQX, butdatalines will always be valid at tAvav. 

WRITE MODE 

The M624016 is in the Write mode whenever the 
W and E pins are Low. Chip Enable E or W must 
be deasserted during Access transitions for subse­
quent write cycles. Write begins with the concur­
rence of Chip Enable being active with W Low. 
Therefore, address setup time is referenced to 
Write Enable and Chip Enable as tAVWL and tAVEL, 
respectively, and is determined by the latter occur­
ring edge. The Write c_ycle ~n be terminated by the 
earlier rising edge of E or W. 

!!Jhe Output is enabled (E Low, and W High), then 
W will return the outputs to high impedance within 
twLoz of its falling edge. Care must be taken to 
avoid bus contention in this type of operation. Data 
input must be valid for tovwH before the rising edge 
of '{)(rite Enable, or for tovEH before the rising edge 
of E, whichever occurs first, and remain valid for 
lwHDX Or tEHDX. 

Table 4. Capacitance <1> (TA = 25 oc, f = 1 MHz) 

Symbol Parameter 

C1N Input Capacitance 

Cour 121 Output Capacitance 

Notes: 1. Sampled, not 100% tested 
2. Output deselected 

M624016 

OPERATIONAL MODE 
The M624016 has a Chip Enable power down 
feature which invokes an automatic standby mode 
whenever either Chip Enable is de-asserted (E 
High). Operational !!!,Odes §!'e determined by de­
vice control inputs W and E, as summarized the 
Operating Mode table. 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times ~ 1.5ns 

Input Pulse Voltages 0 to 3V 

Input and Output Timing Ref. Voltages 1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

5V 

4700 

L-----1 2400 CL =30pF or 5pF 

CL includes JIG capacitance 

VAOOB29 

Test Condition Min Max Unit 

V1N =OV 6 pF 

Vour= OV 8 pF 

------------ ~'I SCS·lHOMSON -----------=3/6 
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M624016 

Table 5. DC Characteristics (TA = 0 to 70 oc, Vee= 5V ± 1 0%) 

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current OV:5:V;N:5:Vcc ±1 

ILO Output Leakage Current OV:5:Vour:5:Vcc ±5 

Icc '11 Supply Current Vee= 5.5V 160 

lcct '21 Supply Current (Standby) TIL Vee = 5.5V, E = V;H, I= 0 40 

lcc1 '31 Supply Current (Standby) CMOS Vee= 5.5V, E ~Vee- 0.2V, I= 0 10 

V;L Input Low Voltage --Q.3 0.8 

V;H Input High Voltage 2.2 Vcc+0.3 

VoL Output Low Voltage loL= 8mA 0.4 

VoH Output High Voltage loH =-4mA 2.4 

Notes: 1. Average AC current, Outputs open, cycling at tAvAv minimum 
2. All other Inputs at v,L,; o.av or v,H" 2 2V 
3. All other Inputs at v,L,; 0 2Vor v,H "Vee- 0.2V 

Table 6. Read Mode AC Characteristics (TA = 0 to 70°C, Vee= 5V ± 1 0%) 

M624016 

Symbol Parameter -10 -12 -15 -20 

tAVAV Read Cycle Time 

tAVQV(1) Address Valid to Output Valid 

tELQV(1) Chip Enable Low to Output Valid 

tELQX (2) Chip Enable Low to Output Transition 

tEHOZ (2) Chip Enable High to Output 
Hi-Z 

IAxox '11 Address Transition to Output 
Transition 

Notes: 1. CL = 30pF 
2. el= 5pF 

Figure 4. Read Mode AC Waveforms 

AO-A13 

DQD-DQ3 

Min Max 

10 

10 

10 

3 

0 5 

3 

Min Max Min Max Min Max 

12 15 20 

12 15 20 

12 15 20 

3 3 3 

0 7 0 8 0 10 

3 3 3 

VA00946 

Unit 

(.lA 

(.lA 

rnA 

rnA 

rnA 

v 
v 
v 
v 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 
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M624016 

Table 7. Write Mode AC Characteristics (TA = 0 to 70°C, Vee= 5V ± 10%) 

M624016 
Symbol Parameter -10 -12 -15 -20 Unit 

Min Max Min Max Min Max Min Max 

tAVAV Write Cycle lime 10 12 15 20 ns 

tAVWL Address Valid to Write Enable Low 0 0 0 0 ns 

tAVWH Address Valid to Write Enable High 9 9 10 12 ns 

tAVEH Address Valid to Chip Enable High 9 9 10 12 ns 

twLWH Write Enable Pulse Width 9 9 10 12 ns 

twHAX Write Enable High to Address 0 0 0 0 ns Transition 

twHox Write Enable High to Input Transition 0 0 0 0 ns 

tEHDX Chip Enable High to Input Transition 0 0 0 0 ns 

twHOX(1) Wnte Enable High to Output Transition 0 0 0 0 ns 

twLOZ(1) Write Enable Low to Output Hi-Z 0 5 0 8 0 8 0 10 ns 

tAVEL Address Valid to Chip Enable Low 0 0 0 0 ns 

tELEH Chip Enable Low to Chip Enable High 7 9 10 15 ns 

tEHAX Chip Enable High to Address 0 0 0 0 ns Transition 

tovwH Input Valid to Write Enable H1gh 5 7 8 10 ns 

tovEH Input Valid to Chip Enable High 5 7 8 10 ns 

Note: 1. e, = SpF 

Figure 5. Write Enable Controlled, Write AC Waveforms 

tAVAV 

AO-A13 VALID 

tWLWH ---~ 

w 

DQO-DQ3 

VA00941 
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M624016 

Figure 6. Chip Enable Controlled, Write AC Waveforms 

-----.. 
AO-A13 

--' 

-
\A VWL_ 

DQO-DQ3 

ORDERING INFORMATION 

Example: 

Speed I 
-10 10 ns 

-12 12 ns 

-15 15 ns 

-20 20 ns 

tAVAV I 

l VALID 

tEHAX ~ tAVEH 

\AVEL - -
~ \ELEH 

f--tEHDX 
1/ 

\DVEH -----

M624016 -10 E 1 

~L 
I L__:._:Pa=.:c::.:k::;ag;!..:e:.___l I Temperature Range I 

PS 

E 

PSDIP22 

PSOJ24 
300 mils 

Oto?ooc 

}I 

VA00942 

For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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M624017 

VERY FAST CMOS 16K x 4 SRAM WITH OUTPUT ENABLE 

• 16K x 4 CMOS FAST SRAM WITH OUTPUT 
ENABLE 

• EQUAL CYCLE AND ACCESS TIME: 
10, 12, 15,20ns 

• TRI-STATE COMMON 1/0 

• JEDEC PLASTIC SOJ and DIP, 300 mil PACK­
AGES 

DESCRIPTION 

The M624017 is a 64K (65,536 bit) Fast CMOS 
SRAM, organized as 16,384 words by 4 bits. It is 
fabricated using SGS-THOMSON's Advanced, low 
power, high performance, CMOS technology. The 
device features fully static operation requiring no 
external clocks or timing strobes, with equal ad­
dress access and cycle times. It requires a single 
5V ± 1 0% supply, and all inputs and outputs are 
TTL compatible. 

Table 1. Signal Names 

AO-A13 Address Inputs 

DQ0-003 Data Inputs I Outputs 

E Chip Enable 
-
G Output Enable 
-w Write Enable 

Vee Supply Voltage 

Vss Ground 

May 1992 

24~ 
PSDIP24 (PS) 

Figure 1. Logic Diagram 

Vee 

14 

AO-A13 

w M624017 

E 

G 

Vss 

PSOJ24 (E) 
300 mils 

4 

DQO-DQ3 

VA00937 

1/7 
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M624017 

Figure 2A. SDIP Pin Connections Figure 28. SOJ Pin Connections 

A5 Vee A5 24 Vee 
A6 A4 A6 2 23 A4 

A7 A3 A7 3 22 A3 

AS A2 AS 4 21 A2 

A9 A1 A9 5 20 A1 

A10 AO 

A11 Ne 
A10 6 

M624017 19 AO 

A11 7 18 NC 
A12 DQ3 A12 8 17 DQ3 

A13 DQ2 A13 9 16 DQ2 

E DQ1 E 10 15 DQ1 

G DQO G 11 14 DQO 

Vss w Vss 12 13 w 
VA00938 VA00939 

Warning: NC = No Connection. Warning: NC =No Connection. 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature Oto70 oc 

Tsm Storage Temperature -65to 150 oc 
v,ol1l Input or Output Voltages -o.5 to Vee+ 0.5 v 

Vee Supply Voltage -o.5to 7 v 

lo 12> Output Current 25 mA 

Po Power Dissipation 1 w 
Notes: 1. Up to a max1mum operating Vee of 5.5Vonly. 

2. One output at a t1me, not to exceed 1 second durat1on. 

Table 3. Operating Modes 
- - -

Mode E w G DQO-DQ3 Power 

Read v,L v,H v,H Hi-Z Active 

Read v,L v,H v,L Data Output Active 

Write v,L v,L X Data Input Active 

Deselect v,H X X Hi-Z Standby 

Note: X = v,H or v,L 

2/7 :::..:.. ____________ ~ ~~m=l~~©~ --------------
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READ MODE 

The M624017 is in the Read mode whenever Write 
Enable (W) is Hig~ with Output Enable (G) Low 
and Chip Enable (E) asserted Low. This provides 
access to data from four of the 65,536 locations in 
the static memory array, specified by the 14 ad­
dress inputs. Valid data will be available at the four 
Q output pins within tAvav after the last stable 
address, providing G is Low and E is Low. If Chip 
Enable or Output Enable access times are not met, 
data access will be measured from the limiting 
parameter (tELQV or tGLOV) rather than the address. 
Data out may be indeterminate at tELax and tGLQX, 
but data address lines will always be valid at tAvav. 

WRITE MODE 

The M624017 is in the Write mode whenever the 
Wand E pins are Low. Chip Enable E, or W must 
be deasserted during address transitions for sub­
sequent write cycles. Write begins with the concur­
rence of Chip Enable being active with W Low. 
Therefore, address setup time is referenced to 
Write Enable and Chip Enable astAVWLand tAVEL 
respectively, and is determined by the latter occur­
ring edge. The Write c_ycle ~n be terminated by the 
earlier rising edge of E or W. 

!!_the Output is enabled (E Low, and G Low), then 
W will return the outputs to high impedance within 
twLOz of its falling edge. Care must be taken to 
avoid bus contention in this type of operation. Data 
input must be valid for tovwH before the rising edge 
of Write Enable, or for tovEH before the rising edge 
of E, whichever occurs first, and remain valid for 
twHDX or tEHDX. 

Table 4. Capacitance (1) (TA = 25 oc, f = 1 MHz) 

Symbol Parameter 

C1N Input Capacitance 

GouT (2) Output Capacitance 

Notes: 1. Sampled, not 100% tested 
2. Output deselected 

M624017 

OPERATIONAL MODE 

The M624017 has a Chip Enable power down 
feature which invokes an automatic standby mode 
whenever Chip ~able is de-asserted (E High. An 
Output Enable (G) pin provides a high speed tri­
state control, allowing fast read/write cycles to be 
achieved with the common 1/0 data bus. Opera­
tional ~des <!!:_e determined by device control 
inputs W and E, as summarized the Operating 
Mode table. 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

~ 1.5ns 

0 to 3V 

Input and Output Timing Ref. Voltages 1.5V 

Note that Output Hi·Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

5V 

L-----1 240 [) CL =30pF or 5pF 

CL includes JIG capaci\ance 

VA00829 

Test Condition Min Max Unit 

ViN = ov 6 pF 

VouT= OV 8 pF 

--------------------------- ~~i~@~~~~~~------------------------~3~/7 
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M624017 

Table 5. DC Characteristics (TA = 0 to 70 oc, Vee = 5V ± 1 0%) 

Symbol Parameter Test Condition 

lu Input Leakage Current OV~VrN ~Vee 

ILO Output Leakage Current OV ~ VouT ~Vee 

Icc 11 l Supply Current Vcc=5.5V 

lcc1 12l Supply Current (Standby) Vee= 5.5V, E = VrH, f = 0 TTL 

lcc1 (J) Supply Current (Standby) -

CMOS Vee= 5.5V, E ~Vee- 0.2V, f = 0 

VrL Input Low Voltage 

VrH Input High Voltage 

VoL Output Low Voltage loL =8mA 

VoH Output High Voltage loH =-4mA 

Notes: 1. Average Ae current, Outputs open, cycling at tAvAv mrnrmum 
2. All other Inputs at VrL :S O.BV or VrH <: 2.2V 
3 All other Inputs at VrL :S 0.2V or VrH <:Vee- 0.2V 

Min 

-0.3 

2.2 

2.4 

Table 6. Read Mode AC Characteristics (TA = 0 to 70°C, Vee= 5V ± 1 0%) 

Symbol Parameter 

tAVAV Read Cycle Time 

tAVQV (1) Address Valid to Output Valid 

tELQV(1) Chip Enable Low to Output 
Valid 

tGLQV(1) Output Enable Low to Output 
Valid 

tELQX (2) Chip Enable Low to Output 
Transition 

IGLQX (2) Output Enable Low to Output 
Transition 

tEHOZ (2) Chip Enable High to Output 
Hi-Z 

IGHOZ (2) Output Enable High to Output 
Hi·Z 

IAxax (t) Address Transition to Output 
Transitron 

Notes: 1. eL = 30pF 
2 CL=5pF 

-10 

Min 

10 

3 

0 

0 

0 

3 

M624017 

-12 -15 

Max Min Max Min Max 

12 15 

10 12 15 

10 12 15 

5 7 8 

3 3 

0 0 

5 0 7 0 8 

5 0 7 0 8 

3 3 

Max Unit 

±1 !!A 
±5 !!A 
160 mA 

40 mA 

10 mA 

0.8 v 
Vee+ 0.3 v 

0.4 v 
v 

-20 Unit 

Min Max 

20 ns 

20 ns 

20 ns 

10 ns 

3 ns 

0 ns 

0 10 ns 

0 10 ns 

3 ns 

4/7 
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M624017 

Figure 4. Read Mode AC Waveforms 

AD-AU ~ 
tAVAV 

J VALID 

tAVQV tAX OX 1-

E 

~ tELQV--- rtEHQZ_. 

f4- tELOX __, 

1-- tGLQV - ,F=-tGHOZ ~ 
G 

~ tGLQX_. 

DQO-DQ3 VALID 

VA00940 

------------ t== SGS·lHOMSON __________ __:5:::..:...17 
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M624017 

Table 7. Write Mode AC Characteristics (TA = 0 to 70°C, Vee= 5V ± 10%) 

M624017 
Symbol Parameter -10 ·12 -15 ·20 Unit 

Min Max Min Max Min Max Min Max 

tAVAV Write Cycle Time 10 12 15 20 ns 

tAVWL Address Valid to Write Enable Low 0 0 0 0 ns 

tAVWH Address Valid to Write Enable High 9 9 10 12 ns 

tAVEH Address Valid to Chip Enable High g 9 10 12 ns 

twLWH Write Enable Pulse Width 9 9 10 12 ns 

twHAX Write Enable High to Address 0 0 0 0 ns Transition 

twHDX Write Enable High to Input Transition 0 0 0 0 ns 

tEHDX Chip Enable High to Input Transition 0 0 0 0 ns 

twHOX(1) Write Enable High to Output Transition 0 0 0 0 ns 

twLOz 111 Write Enable Low to Output Hi-Z 0 5 0 8 0 8 0 10 ns 

tAVEL Address Valid to Chip Enable Low 0 0 0 0 ns 

tELEH Chip Enable Low to Chip Enable High 7 9 10 15 ns 

tEHAX Ch1p Enable High to Address 0 0 0 0 ns Transition 

tovwH Input Valid to Write Enable High 5 7 8 10 ns 

tovEH Input Valid to Chip Enable High 5 7 8 10 ns 

Note: 1. eL = 5pF 

Figure 5. Write Enable Controlled, Write AC Waveforms 

tAVAV 

AO-A13 
~ VALID __j 

tAVWH 

- tAVEL.r- -tWHAX ~ 

I E 

tWLWH -tAVWL ~ 

w - tWLQZ - ~ twHox-

~ tWHDX-

DATA INPUT 
,_v-

I\_ 
DQ0-003 

-tDVWH___, 

VA00941 

6/7 ..:::...:... ____________ ~ ~~©m~m~ffil~©~ --------------
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M624017 

Figure 6. Chip Enable Controlled, Write AC Waveforms 

tAVAV 

AO-A13 ~ 

--' 
VALID 

tAVEH - tAVEL ~ - tEHAX -
E 

tA VWL_ ~ tELEH 

w 

-tEHDX 

DQO-DQ3 

" 
- tDVEH 

VA00942 

ORDERING INFORMATION 

Example: M624017 -10 E 1 

Speed 
~ 
!Temperature Rangel 

·10 10 ns PS 1 Oto70°C 

·12 12 ns E 

·15 15 ns 

·20 20 ns 

For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 
For further information on any aspect of this device, please contact our Sales Office nearest to you. 

717 --------------~ ~i~~m~~~~~------------....:..:..:.. 
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M628008 

VERY FAST CMOS 8K x 8 SRAM WITH OUTPUT ENABLE 

• 8K x 8 CMOS FAST SRAM WITH OUTPUT 
ENABLE 

• EQUAL CYCLE AND ACCESS TIMES: 
10, 12, 15,20ns 

• TRI-STATE COMMON 1/0 

• JEDEC PLASTIC SOJ and DIP, 300 mils PACK­
AGES 

DESCRIPTION 

The M628008 is a 64K (65,536 bit) Fast CMOS 
SRAM, organized as 8,192 words by 8 bits: It is 
fabricated using SGS-THOMSON's Advanced, low 
power, high performance, CMOS technology. The 
device features fully static operation requiring no 
external clocks or timing strobes, with equal ad­
dress access and cycle times. It requires a single 
5V ± 10% supply, and all inputs and outputs are 
TIL compatible. 

Table 1. Signal Names 

AO -A12 Address Inputs 

DQO-DQ7 Data Inputs Outputs 

E1 Chip Enable 1 

E2 Chip Enable 2 

G Output Enable 

w Write Enable 

Vee Supply Voltage 

Vss Ground 

May 1992 

PSDIP28 (PS) 

Figure 1. Logic Diagram 

Vee 

13 

M628008 

Vss 

PSOJ28 (E) 
300 mils 

8 

DQO-DQ7 

VA00959 

1/8 
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M628008 

Figure 2A. SDIP Pin Connections 

Ne 
A12 
A7 
A6 
AS 
A4 
A3 
A2 
A1 

AO 
DOO 
DQ1 
D02 
Vss 

1 
2 
3 
4 
5 
6 
7 
s 
9 
10 
11 
12 
13 
14 

'-.../ 2S 
27 
26 
25 
24 
23 

M62SOOS 22 
21 
20 
19 
18 
17 
16 
1S 

VA00960 

Vee 
w 
E2 
AS 
A9 
A11 
G 
A10 
IT 
DQ7 
D06 
DQ5 
004 
003 

Warning: NC =No Connection. 

Table 2. Absolute Maximum Ratings 

Symbol Parameter 

TA Ambient Operating Temperature 

TsTG Storage Temperature 

Vto 1'l Input or Output Voltages 

Vee Supply Voltage 

lo 12) Output Current 

Po Power Dissipation 

Notes: 1. Up to a max1mum operat1ng Vee of 5.5V only. 
2 One output at a time, not to exceed 1 second durat1on. 

Table 3. Operating Modes 

Mode E1 E2 

Read V1L V1H 

Read VtL VtH 

Wnte VtL VtH 

Deselect VtH X 

Deselect X VtL 

Note. X= VIH or VIL 

Figure 28. SOJ Pin Connections 

Ne 1 28 J Vee 
A12 2 27 JW 
A7 3 26 J E2 
A6 4 25 ] AS 
AS s 24 J A9 
A4 6 23 ] A11 
A3 7 M628008 22 JG 
A2 s 21 ] A1 0 
A1 9 20 JET 

AO 10 19 ] DQ7 
DOD 11 18 J D06 
001 12 17 ] DOS 
002 13 16 ] 004 

Vss 14 15 J D03 
VA00961 

Warning: NC =No Connection. 

Value Unit 

o to 70 oc 

-65 to 150 oc 

-0.5 to Vee + 0.5 v 
-0.5 to 7 v 

20 mA 

1 w 

w G DQO-DQ7 Power 

VtH VtH Hi-Z Active 

VtH VrL Data Output Act1ve 

VtL X Data Input Active 

X X Hi-Z Standby 

X X Hi-Z Standby 

=.21:::...8 ___________ ~ SCS·ntOMSON ------------
11. .,.I li:ilD©ru©Ililili©tm~©~Ju©ill 
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READ MODE 

The M628008 is in the Read mode whenever Write 
Enable (W) is High, witQ_gutput Enable (G) Low, 
with both Chip Enables (E1 and E2) asserted. This 
provides access to data from eight of the 65,536 
locations in the static memory array, specified by 
the 13 address inputs. Valid data will be available 
at the eight output pins w[!bin tAvov after the last 
stable address, providing G is Low and Chip En­
ables are valid. If Chip Enable or Output Enable 
access times are not met, data access will be 
measured from the limiting parameter (tE1 Lov, 
tE2HOV or tGLov) rather than the address. Data out 
may be indeterminate at tE1LOX, tE2HOX and tGLOX, 
but datalines will always be valid at tAvov. 

WRITE MODE 

The M628008 is in the Write mode whenever the 
Wand Ef pl!:!s are Low with E2 High. Chip Enables 
E1, E2 or W must be deasserted during Access 
transitions for subsequent write cycles. Write be­
gins with the cong,~rrence of the two Chip Enables 
being active with W Low. Therefore, address setup 
time is referenced to Write Enable and Chip Enable 
as tAvwL and tAVE1 L, tAVE2H respectively, and is 
determined by the latter occurring edge. The Write 
cycle caQj:>e terminated by the earlier rising edge 
of E1 or W or the falling edge of E2. 

If the Outp~ is enabled (Ef Low, E2 High and G 
Low}, then W will return the outputs to high imped­
ance within twLOz of its falling edge. Care must be 
taken to avoid bus contention in this type of oper­
ation. Data input must be valid for tovwH before the 
rising edge of Write Enable, or for tovE1 H before the 
rising edge of Ef or for tovE2L before the falling 
edge of E2, whichever occurs first, and remain valid 
for twHDX, tE1 HDX or tE2LDX. 

Table 4. Capacitance <1l (TA = 25 oc, f = 1 MHz) 

Symbol Parameter 

C1N Input Capacitance 

GouT 121 Output Capacitance 

Notes: 1. Sampled. not 100% tested 
2. Output deselected 

M628008 

OPERATIONAL MODE 

The M628008 has a Chip Enable power down 
feature which invokes an automatic standby mode 
whenever either Chip Enable is d~asserted (Ef 
High or E2 Low). An Output Enable (G) pin provides 
a high speed tri-state control, allowing fast 
read/write cycles to be achieved with the common 
1/0 data bus. Operational modes are determined 
by device control inputs Wand Ef, E2, as summa­
rized the Operating Mode table. 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

~ 1.5ns 

Oto 3V 

Input and Output Timing Ref. Voltages 1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

5V 

CL includes JIG copoc•tonce 

Test Condition Min Max 

VtN = OV 6 

VouT = OV 8 

VA00829 

Unit 

pF 

pF 

------------ '="= SGS·THOMSON --------------=3::...::/8 ._""'!I ~u©llil©[~[©li'OO©I:!U©® 
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M628008 

Table 5. DC Characteristics (T A = 0 to 70 °C, Vee = 5V ± 1 0%) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current OV:>;VIN :>;Vee 

ILo Output Leakage Current OV::; VouT :>;Vee 

lee 11> Supply Current 
Vee= 5.5V, (-10 & -12) 

Vee= 5.5V, (-15 & -20) 

lee1 12> 
Supply Current (Standby) Vee = 5.5V, E1 = V1H or E2 = V1L, 
TTL f= 0 

lee1 13> 
Supply Current (Standby) Vee= 5.5V, E1 ~Vee- 0.3V or 
CMOS E2::; 0.3V, f = 0 

V1L Input Low Voltage -0.3 

V1H Input High Voltage 2.2 

VoL Output Low Voltage loL=8mA 

VoH Output High Voltage loH=-4mA 2.4 

Notes: 1. Average Ae current, Outputs open, cycling at IAvAv minimum 
2. All other Inputs at v,L,; O.BV or v," ;, 2.2V 
3. All other Inputs at v,L,; 0.2V or v,H "Vee- 0.2V 

Table 6. Read Mode AC Characteristics (TA = 0 to 70°C, Vee = 5V ± 1 0%) 

Symbol Parameter 

IAVAV Read Cycle Time 

tAVQV (1) Address Valid to Output Valid 

tE1LOV(1) Chip Enable 1 Low to Output Valid 

tE2HQV (1) Chip Enable 2 High to Output Valid 

lGLQV (1) Output Enable Low to Output Valid 

tE1LQX(2) Chip Enable 1 Low to Output 
Transition 

tE2HQX(2) Chip Enable 2 High to Output 
Transition 

tGLQX (2) Output Enable Low to Output 
Transition 

tE1HOZ (2) Chip Enable 1 High to Output Hi-Z 

tE2Laz 12> Chip Enable 2 Low to Output Hi-Z 

tGHQZ (2) Output Enable High to Output Hi-Z 

IAxax 11 > 
Address Transition to Output 
Transition 

Notes: 1. eL = 30pF 
2. eL= 5pF 

Min 

10 

3 

3 

0 

0 

0 

0 

3 

M628008 

-10 -12 -15 

Max Min Max Min 

12 15 

10 12 

10 12 

10 12 

5 7 

3 3 

3 3 

0 0 

5 0 7 0 

5 0 7 0 

5 0 7 0 

3 3 

Max Unit 

±1 !lA 
±5 !lA 
140 mA 

120 mA 

40 mA 

10 mA 

0.8 v 
Vec+0.3 v 

0.4 v 
v 

-20 Unit 

Max Min Max 

20 ns 

15 20 ns 

15 20 ns 

15 20 ns 

8 10 ns 

3 ns 

3 ns 

0 ns 

8 0 10 ns 

8 0 10 ns 

8 0 10 ns 

3 ns 

4/8 
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M628008 

Figure 4. Read Mode AC Waveforms 

A0-A12 1+----------------tA_V_A_V_ ---------------------~-+1 -----
- VALID 

tAVQV ------.!•' 

E1 

E2 

DQ0-007 VALID 

VA00962 

----------- ~'I SGS·ntOMSON ___________ 5.;_;_/8 
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M628008 

Table 7. Write Mode AC Characteristics (TA = 0 to 70°C, Vee= 5V ± 10%) 

M628008 

Symbol Parameter -10 -12 -15 -20 Unit 

Min Max Min Max Min Max Min Max 

IAVAV Write Cycle lime 10 12 15 20 ns 

IAVWL Address Valid to Write Enable Low 0 0 0 0 ns 

IAVWH Address Valid to Write Enable H1gh 10 12 15 20 ns 

tAVEIH Address Valid to Chip Enable 1 High 10 12 15 20 ns 

IAVE2L Address Valid to Chip Enable 2 Low 10 12 15 20 ns 

twLWH Write Enable Pulse Width 10 12 15 20 ns 

tE1LE1H 
Chip Enable 1 Low to Chip Enable 1 7 9 10 15 ns High 

tE2HE2L 
Chip Enable 2 High to Chip Enable 2 7 9 10 15 ns Low 

twHAX 
Write Enable High to Address 0 0 0 0 ns Transition 

twHDX Write Enable High to Input Transition 0 0 0 0 ns 

IEJHAX 
Chip Enable 1 High to Address 0 0 0 0 ns Transition 

IE2LAX 
Chip Enable 2 Low to Address 0 0 0 0 ns Transition 

twHOX(I) Wnte Enable High to Output 0 0 0 0 ns Trans1t1on 

twLOZ(I) Wnte Enable Low to Output Hi-Z 0 5 0 7 0 8 0 10 ns 

lAVElL Address Valid to Chip Enable 1 Low 0 0 0 0 ns 

tAVE2H Address Valid to Chip Enable 2 High 0 0 0 0 ns 

tovwH Input Valid to Write Enable High 5 7 8 10 ns 

IDVEIH Input Valid to Chip Enable 1 High 5 7 8 10 ns 

tDVE2L Input Valid to Chip Enable 2 Low 5 7 8 10 ns 

Note: 1. eL = 5pF 

6/8 
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M628008 

Figure 5. Write Enable Controlled, Write AC Waveforms 

tAvAv •1 

E1 

E2 

D00-007 

VA00963 

Figure 6. Chip Enable Controlled, Write AC Waveforms 

tAVAV 

AO-A12 
~ 

VALID 

tAVE1H 

---> tAVE1L +--- ---> tE1HAX I--

+--tE1LE1H 
I 
I 
I 

tAVE2L 
__. tAVE2H +--- ---> tE2LAX 1--

E2 

i---- tE2HE2L 
VWL_ 

d 
tA 

\ 

DQO-DQ7 

i-!E1HDX~ 
tE2LDX 

~ 
~l="tDVE1H-----> 

tDVE2L 
VA00964 
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M628008 

ORDERING INFORMATION 

Example: M628008 -10 E 1 

Speed 

-10 10 ns PS 

-12 12 ns E 

-15 15 ns 

-20 20 ns 

For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

BIB 
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592 



M621256 

VERY FAST CMOS 256K x 1 SRAM WITH SEPARATE 1/0 

• 256K x 1 CMOS FAST SRAM 

• EQUAL CYCLE AND ACCESS TIMES: 
12, 15,20ns 

• LOW Vee DATA RETENTION: 2V 

• SEPARATE DATA INPUT AND DATA OUTPUT 
PINS 

• JEDEC PLASTIC SOJ and DIP, 300 mil PACK­
AGES 

DESCRIPTION 

The M621256 is a 256K (262, 144 bit) Fast CMOS 
SRAM, organized as 262,144 words by 1 bit. It is 
fabricated using SGS-THOMSON's Advanced, low 
power, high performance, CMOS technology. The 
device features fully static operation requiring no 
external clocks or timing strobes, with equal ad­
dress access and cycle times. It requires a single 
5V ± 10% supply, and all inputs and outputs are 
TTL compatible. 

Table 1. Signal Names 

AO-A17 Address Inputs 

D Data Input 

Q Data Output 

E Chip Enable 

-w Write Enable 

Vee Supply Voltage 

Vss Ground 

May 1992 

24~ 
PSDIP24 (PS) 

Figure 1. Logic Diagram 

Vee 

D 

AO-A17 M621256 

w 
r 

Vss 

PSOJ24 (E) 
300 mils 

Q 

VA00947 

1/8 
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M621256 

Figure 2A. SDIP Pin Connections Figure 28. SOJ Pin Connections 

AO Vee 
A1 A17 

AO [ 1 24 p Vee 
A1 [ 2 23 ~ A17 

A2 A16 A2 [ 3 22 ~ A16 
A3 A15 A3 [ 4 21 ~ A15 
A4 A14 A4[ 5 20 ~ A14 
AS A13 
A6 A12 

A5 [ 6 
M621256 ~ ~ ~ A13 

A6 [ 7 A12 
A7 A11 
AS A10 

A7 [ 8 17 ~ A11 
AS [ 9 16 ~ A10 

Q A9 Q [ 10 15 p A9 
w D Wr 11 14 p D 

Vss E Vss r 12 13 0 E 
VA0094S VA00949 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature Oto 70 oc 
Tsm Storage Temperature -65 to 150 oc 
v,a<11 Input or Output Voltages -o.5 to Vee+ 0.5 v 

Vee Supply Voltage -o.5to 7 v 

Ia <21 Output Current 20 mA 

Po Power Dissipation 1 w 
Notes: 1. Up to a max1mum operating Vee of 5 5V only. 

2. One output at a time, not to exceed 1 second durat1on. 

Table 3. Operating Modes 

Mode E w D Q Power 

Read v,L v,H X Data Output Active 

Write v,L v,L Data Input Hi·Z Active 

Deselect v,H X X Hi·Z Standby 

Note: X = VIH or VIL 

2/8 
=------------~ ~5Ji©m•~q~ -------------
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READ MODE 

The M621256 is in the Read mode whenever Write 
Enable (W) is High, with Chip Enable (E) asserted 
Low. This provides access to data from one of the 
262,144 locations in the static memory array, spec­
ified by the 18 address inputs. Valid data will be 
available at the Q output pin within tAvov after the 
last stable address providing E is Low. If Chip 
Enable access time is not met, data access will be 
measured from the limiting parameter (tELOV) 
rather than the address. Data out may be indeter­
minate at tELQX, but data lines will always be valid 
at tAVQV. 

WRITE MODE 

The M621256 is in the Write mode whenever the 
~and E pins are Low. Either th§....Chip Enable input 
(E) or the Write Enable input (W) must be de-as­
serted during Address transitions for subsequent 
write cycles. Write begins with the concurrence of 
Chip Enable being active with W Low. Therefore, 
address setup time is referenced to Write Enable 
and Chip Enable as tAvwL and tAvEL respectively, 
and is determined by the latter occurring edge. The 
Write cyQ!e c~ be terminated by the earlier rising 
edge of E or W. 

!!Jhe Output is enabled (E Low and W High), then 
W will return the output to high impedance within 
twLoz of its falling edge. Data input must be valid 
for tovwH before the rising edge of Wrill! Enable, or 
for tovEH before the rising edge of E whichever 
occurs first, and remain valid for twHox or tEHox. 

Table 4. Capacitance <1> (TA = 25 oc, f = 1 MHz) 

Symbol Parameter 

C1N Input Capacitance 

· Gaur 12l Output Capacitance 

Notes: 1. Sampled, not 100% tested 
2. Output deselected 

ll 

M621256 

OPERATIONAL MODE 

The M621256 has a Chip Enable power down 
feature which invokes an automatic stand~ mode 
whenever Chip Enable is de-asserted (E High). 
Operationl!!_ mode~ are determined by device con­
trol inputs W and E as summarized the Operating 
Mode table. 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing Ref. Voltages 

:>1.5ns 

Oto3V 

1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

5V 

1-------1 240 () CL =30pF or 5pF 

CL includes JIG copocltonce 

VA00829 

Test Condition Min Max Unit 

V1N=OV 6 pF 

Vour= OV 8 pF 

------------r !I SGS·ntOMSON --------------'3=/8 6:f, li:4lO©ll©rnlb§©'ii1ll©lil!O©i!i 
595 



M621256 

Table 5. DC Characteristics (TA = 0 to 70 oc, Vee = 5V ± 1 0%) 

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current ov,;v,N,;Vcc ±1 

ILO Output Leakage Current OV,o;VouT,;Vcc ±5 

Vee= 5.5V (·12} 140 

Icc '11 Supply Current 
Vee= 5.5V (-15} 130 

Vee = 5.5V (-20} 120 

lee1 '21 Supply Current (Standby} -

TTL 
Vee = 5.5V, E = V1H, I= 0 40 

leet '31 Supply Current (Standby} -
CMOS 

Vee= 5.5V, E ~Vee- 0.2V, I= 0 10 

v,L Input Low Voltage -0.3 0.8 

V1H Input High Voltage 2.2 Vee+ 0.3 

VoL Output Low Voltage loL= 8mA 0.4 

VoH Output High Voltage loH =-4mA 2.4 

Notes: 1. Average Ae current, Outputs open, cycling at IAvAv m1mmum 
2. All other Inputs at v,L 5 o.av or v," ;, 2.2v 
3. All other Inputs at V1L 5 0.2V or V1H;, Vee- 0.2V 

Table 6. Read and Standby Modes AC Characteristics (TA = 0 to 70°C, Vee= 5V ± 1 0%) 

Symbol Parameter 

tAVAV Read Cycle Time 

lAVOY (t) Address Valid to Output Valid 

tELOV(1) Chip Enable Low to Output Valid 

tELQX (2) Chip Enable Low to Output Transition 

tEHQZ (2) Chip Enable High to Output Hi-Z 

IAXQX (1) Address Transition to Output Transition 

lpu 131 Chip Enable to Power Up 

lpo 131 Chip Enable to Power Down 

Notes: 1. el = 30pF 
2. CL= 5pF 

-12 

Min 

12 

3 

0 

3 

0 

M621256 

-15 -20 

Max Min Max Min Max 

15 20 

12 15 20 

12 15 20 

3 3 

7 0 8 0 10 

3 3 

0 0 

12 15 20 

Unit 

llA 

llA 
rnA 

rnA 

rnA 

rnA 

rnA 

v 

v 

v 

v 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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M621256 

Figure 4. Read Mode AC Waveforms 

AO-A17 ~ VALID J 
tAVAV 

tAVQV tAXQX 1--

E 

I--- tELQV -- r-tEHQZ--. 

~ tELQX-

0 VALID 

VA00950 

Figure 5. Standby Mode AC Waveforms 

VA00799 
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M621256 

Table 7. Write Mode AC Characteristics (TA = 0 to 70°C, Vee= 5V ± 10%) 

M621256 
Symbol Parameter -12 ·15 -20 Unit 

Min Max Min Max Min Max 

tAVAV Write Cycle Time 12 15 20 ns 

tAVWL Address Valid to Write Enable Low 0 0 0 ns 

tAvWH Address Valid to Write Enable High 9 10 12 ns 

tAVEH Address Valid to Chip Enable High 9 10 12 ns 

twLWH Write Enable Pulse Width 9 10 12 ns 

twHAX Write Enable High to Address Transition 0 0 0 ns 

twHDX Write Enable High to Input Transition 0 0 0 ns 

tEHDX Chip Enable H1gh to Input TransitiOn 0 0 0 ns 

twHQX (1) Write Enable High to Output Transition 0 0 0 ns 

twLOZ (1) Write Enable Low to Output Hi-Z 0 8 0 8 0 10 ns 

tAVEL Address Valid to Chip Enable Low 0 0 0 ns 

tELEH Chip Enable to Write Enable High 9 10 15 ns 

tEHAX Chip Enable High to Address Transition 0 0 0 ns 

tovwH Input Valid to Write Enable High 7 8 10 ns 

tovEH Input Valid to Chip Enable High 7 8 10 ns 

Note: 1. e, = 5pF 

Figure 6. Write Enable Controlled, Write AC Waveforms 

tAVAV 

AD-A17 
~ VALID 
~ 

tAVWH 

- tAVEi- -tWHAX -4--

I 
tWLWH -tAVWL -4--

w -tWLQZ -4-- -tWHQX-

D ~ DATA 

-4-- tWHDX ~ 
INPUT I 

1- tDVWH __, 
I 

Q 
\_ 

VA00951 
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M621256 

Figure 7. Chip Enable Controlled, Write AC Waveforms 

- r. tAVAV -------~1. 
AO-A17 __]K-------------V-A-L-ID---------------,)Kr---------

tAVEH 

tEHAX ~ - tAVEL ~ -
E 

tA VWL_ 
tELEH 

w 

D 

r-- tEHDX~r---
~ DA~~ ~ 

----------1~ tDVEH ~ ~...,_ ____ _ 

Hi-Z 
Q 

VA00952 

Table 8. Low Vee Data Retention Characteristics (T A= 0 to 70°C, Vee = 5V ± 1 0%) 

Symbol Parameter Test Condition Min Max Unit 

lcc2 {1) Supply Current (Data Retention) - Vee= 3V, 
200 JlA E ~Vee- 0.3V, f = 0 

VoR {l) Supply Voltage (Data Retention) E ~Vee- 0.3V, f = 0 2 4.5 v 
!coR (1, 2) Chip Disable to Power Down E ~Vee- 0.3V, f = 0 0 ns 

tR {2) Operation Recovery Time tAVAV ns 

Note: 1. All other Inputs v," 2 Vee- 0.3V or v,, :5 0.3V 
2. See F1gure 8 for measurement points. Guaranteed but not tested 

Figure 8. Low Vee Data Retention AC Waveforms 

DATA RETENTION MODE -

5V -------~ 
I 

Vee 4.5v 
vDR > 2v ------- I\_,__ ___________ _,/ 

E 

~tcoR 1<- _ ~ tR~ 
~ \,_ ________ E __ > __ v_e_c_-__ o_._3v __________ ___./ L 

VA00802 

7/8 
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M621256 

ORDERING INFORMATION 

Example: M621256 -12 E 1 

L 
Speed I Temperature Range I 

-12 12 ns PS 1 0 to 70 oc 
-15 15 ns E 

-20 20 ns 

For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

8/8 -"'-"-------------~ ~~~.;l!!~gt~~~ --------------
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M624064 

VERY FAST CMOS 64K x 4 SRAM 

• 64K x 4 CMOS FAST SRAM 

• EQUAL CYCLE AND ACCESS TIMES: 
12, 15, 20ns 

• LOW Vee DATA RETENTION: 2V 

• TRI-STATE COMMON 1/0 

• JEDEC PLASTIC SOJ and DIP, 300 mil PACK­
AGES 

DESCRIPTION 

The M624064 is a 256K (262,144 bit) Fast CMOS 
SRAM, organized as 65,536 words by 4 bits. It is 
fabricated using SGS-THOMSON's Advanced, low 
power, high performance, CMOS technology. The 
device features fully static operation requiring no 
external clocks or timing strobes, with equal ad­
dress access and cycle times. It requires a single 
5V ± 1 0% supply, and all inputs and outputs are 
TTL compatible. 

Table 1. Signal Names 

AO -A15 Address Inputs 

DQO-DQ3 Data Inputs I Outputs 

E Chip Enable 
-w Write Enable 

Vee Supply Voltage 

Vss Ground 

May 1992 

PSDIP24 (PS) 

Figure 1. Logic Diagram 

Vee 

16 

AO-A15 

M624064 

w 

E 

Vss 

PSOJ24 (E) 
300 mils 

4 

DQO-DQ3 

VA00912 
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M624064 

Figure 2A. SDIP Pin Connections Figure 28. SOJ Pin Connections 

AD Vee 
A1 A15 

AO [ 1 24 ~ Vee 
A1 [ 2 23 p A15 

A2 A14 A2 [ 3 22 p A14 

A3 A13 A3 [ 4 21 p A13 
A4 A12 A4 I 5 20 p A12 
AS A 11 
A6 A10 

AS I 6 M624064 1 g p A 11 
A6 I 7 18 p A10 

A7 OQO A7 I 8 17 p DQO 
AS 001 A8 I 9 16 p 001 
A9 002 A9 [ 10 15 p 002 
E 003 El 11 14 p 003 

Vss w Vss I 12 13 0 w 
VA00913 VA00914 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature 0 to 70 oc 
Tsm Storage Temperature -65 to 150 oc 
V1o(11 Input or Output Voltages -0.5 to Vee+ 0.5 v 
Vee Supply Voltage --{).5 to 7 v 
lo(21 Output Current 20 mA 

Po Power Dissipation 1 w 
Note: 1. Up to a maximum operating Vee of 5.5V only. 

2. One output at a time, not to exceed 1 second duration. 

Table 3. Operating Modes 

Mode E w DQ0-003 Power 

Read VIL V1H Data Output Active 

Write VIL VIL Data Input Active 

Deselect V1H X Hi-Z Standby 

Note: X = V1H or V1L 

2/8 
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READ MODE 

The M624064 is in the Read mode whenever Write 
Enable (W) is high, with Chip Enable (E) asserted 
low. This provides access to data from four of the 
262,144 locations in the static memory array, spec­
ified by the 16 address inputs. Valid data will be 
available at the four output pins ~thin tAvov after 
the last stable address, providing E is Low. If Chip 
Enable access time is not met, data access will be 
measured from the limiting parameter (tELov) 
rather than the address. Data out may be indeter­
minate at tELOX, but datalines will always be valid 
at tAvov. 

WRITE MODE 

The M624064 is in the Write mode whenever the 
Vi and E pins are Low. Either th~Chip Enable input 
(E) or the Write Enable input (W) must be de-as­
serted during Address transitions for subsequent 
write cycles. Write begins with the concurrence of 
Chip Enable being active with W Low. Therefore, 
address setup time is referenced to Write Enable 
and Chip Enable as tAvwL and tAVEL respectively, 
and is determined by the latter occurring edge. The 
Write cy.Q)e c~ be terminated by the earlier rising 
edge of E or W. 

If the Output is enabled (E1 Low), then W will return 
the outputs to high impedance within twLoz of its 
falling edge. Care must be taken to avoid bus 
contention in this type of operation. Data input must 
be valid for tovwH before the rising edge of Write 
Enable, or for tovEH before the rising edge of E 
whichever occurs first, and remain valid for twHDX 
Or tEHDX. 

Table 4. Capacitance (1) (TA = 25 oc, f = 1 MHz) 

M624064 

OPERATIONAL MODE 

The M624064 has a Chip Enable power down 
feature which invokes an automatic stand)?y mode 
whenever Chip Enable is de-asserted (E High). 
Operational modes are determined by device con­
trol inputs W and E as summarized the Operating 
Mode table. 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing Ref. Voltages 

$1.5ns 

Oto 3V 

1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Load Circuit 

DEVICE 

UNDER 
TEST 

5V 

2400 CL =30pF or 5pF 

CL includes JIG copaci\ance 

VA00829 

Symbol Parameter Test Condition Min Max Unit 

c,N Input Capacitance 

Cour 12' Output Capacitance 

Notes: 1. Sampled, not 1 00% tested 
2. Outputs deselected 

v,N = ov 6 pF 

Vour = OV 8 pF 

------------ "=="=' SCS·THOMSON ---------------'3=/8 .. .., I o;,]O(i;[jj@~~~(i;'ii'Uil@li!JO(i;~ 
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M624064 

Table 5. DC Characteristics (TA = 0 to 70 ac, Vee = 5V ± 1 0%) 

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current OV ~VIN~ Vee ±1 

ILO Output Leakage Current OV ~ Vour ~ Vee ±5 

Vee= 5.5V, (-12) 140 

Icc ('I Supply Current 
Vee= 5.5V, (-15) 130 

Vee = 5.5V, (-20) 120 

lee1 (2) 
Supply Current (Standby) 

Vee= 5.5V, E = V1H, f = 0 25 
TTL 

-
Supply Current (Standby) lee1 (31 Vee= 5.5V, E ~Vee- 0.2V, 1 
CMOS 1=0 

VIL Input Low Voltage -0.3 0.8 

VIH Input High Voltage 2.2 Vee+ 0.3 

VoL Output Low Voltage IOL= 8mA 0.4 

VoH Output High Voltage loH =-4mA 2.4 

Notes: 1. Average Ae current, Outputs open, cycling at tAvAv minimum 
2. All other Inputs at V",; O.SV or v,H;, 2.2V 
3. All other Inputs at VIL,; 0.2V or v,H;, Vee- 0.2V 

Table 6. Read and Standby Modes AC Characteristics (T A= 0 to 70°C, Vee = 5V ± 1 0%) 

Symbol Parameter 

tAVAV Read Cycle Time 

tAVQV(1) Address Valid to Output Valid 

tELQV (1) Chip Enable Low to Output Valid 

tELQX (2) Chip Enable Low to Output Transition 

tEHQZ (2) Chip Enable High to Output Hi-Z 

tAXQX (1) Address Transition to Output Transition 

tpu (31 Chip Enable to Power Up 

tpo (31 Chip Enable to Power Down 

Notes: 1. e, = 30pF. 
2. e, = 5pF 
3 Measured to 50% po1nt between Icc and lcct. 

-12 

Min 

12 

3 

0 

3 

0 

M624064 

-15 -20 

Max Min Max Min Max 

15 20 

12 15 20 

12 15 20 

3 3 

7 0 8 0 10 

3 3 

0 0 

12 15 20 

Unit 

!lA 

!lA 

rnA 

rnA 

rnA 

rnA 

rnA 

v 
v 

v 

v 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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M624064 

Figure 4. Read Mode AC Waveforms 

tAVQV ...! tAXOX -
- tELQV- r-tEHQZ-+ 

- tELQX --

DQO-DQ3 VALID 

VA00915 

Figure 5. Standby Mode AC Waveforms 

Icc 

VA00799 
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M624064 

Table 7. Write Mode AC Characteristics (TA = 0 to 70°C, Vee= 5V ± 10%) 

M624064 
Symbol Parameter -12 -15 -20 Unit 

Min Max Min Max Min Max 

tAVAV Write Cycle Time 12 15 20 ns 

tAVWL Address Valid to Write Enable Low 0 0 0 ns 

tAVWH Address Valid to Write Enable High 9 10 12 ns 

tAVEH Address Valid to Chip Enable High 9 10 12 ns 

twLWH Write Enable Pulse Width 9 10 12 ns 

lwHAX Write Enable High to Address Transition 0 0 0 ns 

lwHDX Write Enable High to Input Transition 0 0 0 ns 

tEHDX Chip Enable High to Input Transition 0 0 0 ns 

lwHOX (l) Write Enable High to Output Transition 0 0 0 ns 

tWLQZ(l) Write Enable Low to Output Hi-Z 0 8 0 8 0 10 ns 

tAVEL Address Valid to Chip Enable Low 0 0 0 ns 

tELEH Chip Enable Low to Chip Enable High 9 10 15 ns 

IEHAX Chip Enable High to Address Transition 0 0 0 ns 

tovwH Input Valid to Write Enable High 7 8 10 ns 

tovEH Input Valid to Chip Enable High 7 8 10 ns 

Note: 1. e, = SpF 

Figure 6. Write Enable Controlled, Write AC Waveforms 

tAVAV 

AO-A15 ~ VALID 
__J 

tAVWH - tAVEL - -tWHAX~ 

I 
tWLWH - tAVWL -

w -tWLQZ - ~ tWHQX ~ 

DQO-DQ3 
1\ 

tDVWH ~~ !WHDX j__ 
DATA INPUT t 

VA00916 
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M624064 

Figure 7. Chip Enable Controlled, Write AC Waveforms 

AO-A15 

~r. tAVAV , . 

~---------------V_A_LI_D ____________ ~~--------
\AVEH - \AVEL - - tEHAX 

lA VWL tj \ELEH 

w 

f--- tEHDX-

DQO-DQ3 DATA INPUT 

- \DVEH _, 

VA00917 

Table 8. Low Vee Data Retention Characteristics (TA ~ 0 to 70°C, Vee~ 5V ± 10%) 

Symbol Parameter Test Condition Min Max Unit 

lce2 11 ) Supply Current (Data Retention) Vee= 3V, E ~Vee- 0.3V, f = 0 200 1-'A 

VoR 11 l Supply Voltage (Data Retention) E~Vee-0.3V, f=O 2 4.5 v 
!coR 11 ' 2) Chip Disable to Power Down E ~Vee- 0.3V, f = 0 0 ns 

lR (2) Operation Recovery Time IAVAV ns 

Notes: 1. All other Inputs v,H;, Vee- 0.3V or VIL :5 0.3V 
2. See F1gure 8 for measurement points. Guaranteed but not tested 

Figure 8. Low Vee Data Retention AC Waveforms 

DATA RETENTION MODE -

5V -------~ I 
Vee 4.sv 

VoR > 2V --------ji\J'---------------'_1 

E 

j_tCDR ·- ._,R_ 
~ \~-. ____ E_>_vc_c_-_o_.3_v _____ --'/ L 

VA00802 
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M624064 

ORDERING INFORMATION 

Example: 

-12 

-15 

-20 

M624064 -12 E 

12 ns 

15 ns 

20 ns 

PS PSDIP24 

E PSOJ24 
300 mils 

For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

8/8 
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M624065 

VERY FAST CMOS 64K x 4 SRAM WITH OUTPUT ENABLE 

• 64K x 4 CMOS FAST SRAM WITH OUTPUT 
ENABLE 

• EQUAL CYCLE AND ACCESS TIMES: 
12, 15,20ns 

• LOW Vee DATA RETENTION: 2V 

• TRI-STATE COMMON 1/0 

• JEDEC PLASTIC SOJ and DIP, 300 mil PACK­
AGES 

DESCRIPTION 

The M624065 is a 256K (262,144 bit) Fast CMOS 
SRAM, organized as 65,536 words by 4 bits. It is 
fabricated using SGS-THOMSON's Advanced,low 
power, high performance, CMOS technology. The 
device features fully static operation requiring no 
external clocks or timing strobes, with equal ad­
dress access and cycle times. It requires a single 
5V ± 10% supply, and all inputs and outputs are 
TIL compatible. 

Table 1. Signal Names 

AO-A15 Address Inputs 

DQO-DQ3 Data Inputs I Outputs 

E Chip Enable 

G Output Enable 

w Write Enable 

Vee Supply Voltage 

Vss Ground 

May 1992 

PSDIP28 (PS) 

Figure 1. Logic Diagram 

Vee 

16 

AO-A15 

w M624065 

E 

G 

Vss 

28\? 
1 

PSOJ28 (E) 
300 mils 

4 

DQ0-003 

VA00918 
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M624065 

Figure 2A. SDIP Pin Connections Figure 28. SOJ Pin Connections 

Ne Vee Ne 28 Vee 
AO A15 AO 2 27 A15 
A1 A14 A1 3 26 A14 

A2 A13 A2 4 25 A13 
A3 A12 A3 5 24 A12 
A4 A11 A4 6 23 A11 
A5 A10 A5 7 M624065 22 A10 
A6 NC A6 8 21 NC 

A7 NC A7 9 20 NC 

AS DQO AS 10 19 DQO 
A9 DQ1 A9 11 18 DQ1 
E DQ2 E 12 17 DQ2 
G DQ3 G 13 16 DQ3 

Vss w Vss 14 15 w 
VA00919 VA00920 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature Oto 70 oc 
TsTG Storage Temperature -65 to 150 oc 
V1o 11> Input or Output Voltages -0.5 to Vee+ 0.5 v 

Vee Supply Voltage -o.5to7 v 
lo 12> Output Current 20 mA 

Po· Ppwer Dissipation 1 w 
Note: 1. Up to a maximum operating Vee of 5.5Vonly. 

2. One output at a time, not to exceed 1 second duration. 

Table 3. Operating Modes 
- -

Mode E w G DQO-DQ3 Power 

Read VJL VJH VJH Hi-Z Active 

Read VJL VJH VJL Data Output Active 

Write VJL VJL X Data Input Active 

Deselect VJH X X Hi-Z Standby 

Note: X = v,H or v,L 

2/8 
=-----------~ ~~TH!I11~~4 ------------
610 



READ MODE 

The M624065 is in the Read mode whenever Write 
Enable (W) is HigJ:h. with Output Enable (G) Low, 
with Chip Enable (E) asserted Low. This provides 
access to data from four of the 262,144 locations 
in the static memory array, specified by the 16 
address inputs. Valid data will be available at the 
four output pins within tAvov after the last stable 
address, providing G is Low, and E is Low. If Chip 
Enable or Output Enable access times are not met, 
data access will be measured from the limiting 
parameter (tELOV or tGLOV) rather than the address. 
Data out may be indeterminate at tELOX and tGLox, 
but datalines will always be valid at tAvov. 

WRITE MODE 

The M624065 is in the Write mode whenever the 
W and E pins are Low. Chip Enable E or W must 
be de-asserted during Address transitions for sub­
sequent write cycles. The Write begins with the 
concurrence of Chip Enable and W being asserted 
low. Therefore, address setup time is referenced to 
Write Enable and Chip Enable as tAVWL and tAVEL 
respectively and is determined to the latter concur­
rence edge. The Write cyq!_e ca.!J....be terminated by 
the earlier_Iising e_Q_ge of E or W_,Jf the Output is 
Enabled (E Low, G Low), then W will return the 
outputs to high impedance within twLoz of its falling 
edge. Care must be taken to avoid bus contention 
in this type of operation. Data input must be valid 
for tovwH before the rising edge of Write Enable, or 
for tovEH before the rising edge of E whichever 
occurs first, and remain valid for twHDX o tEHDX· 

OPERATIONAL MODE 

The M624065 has a Chip Enable power down 
feature which invokes an automatic standby mode 

Table 4. Capacitance <1l (TA = 25 oc, f = 1 MHz) 

M624065 

whenever Chip Enable is de-asserted (E High). An 
Output Enable (G) pin provides a high speed tri­
state control, allowing fast read/write cycles to be 
achieved with the common-I/O data bus. Opera­
tional f!!9des aJ:..e determined by device control 
inputs W and E as summarized the Operating 
Mode table. 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing Ref. Voltages 

~ 1.5ns 

Oto 3V 

1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

5V 

,__ __ ___. 2 40 (] CL =30pF or 5pF 

CL includes JIG capac1\ance 

VA00829 

Symbol Parameter Test Condition Min Max Unit 

GiN Input Capacitance 

GouT 12l Output Capacitance 

Notes: 1. Sampled, not 100% tested 
2. Outputs deselected 

V1N = OV 6 pF 

VouT = OV 8 pF 

3/8 --------------------------- ~~i~~~~~~9~--------------------------~ 
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M624065 

Table 5. DC Characteristics (TA = 0 to 70 oc, Vee = SV ± 1 0%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV :SVIN :SVcc ±1 (.LA 

ILO Output Leakage Current OV :s Vour :s Vee ±5 I! A 

Vee= 5.5V, (-12) 140 mA 

Icc (1) Supply Current Vee= 5.5V, (-15) 130 mA 

Vee= 5.5V, (-20) 120 mA 

lcc1 (2) Supply Current (Standby) -
mA 

TTL 
Vee= 5.5V, E = V1H, f = 0 25 

lcc1 (3) 
Supply Current (Standby) Vee= 5.5V, E ~Vee- 0.2V, 1 mA 
CMOS f = 0 

V1L Input Low Voltage ...Q.3 0.8 v 

V1H Input High Voltage 2.2 Vcc+0.3 v 

VoL Output Low Voltage loL= 8mA 0.4 v 

VoH Output High Voltage loH = --4mA 2.4 v 
Notes: 1. Average Ae current. Outputs open. cycling at tAVAV minimum 

2. All other Inputs at V1L $ O.SV or V1H 2: 2.2V 
3. All other Inputs at V1L :> 0.2V or V1H <:Vee- 0.2V 

Table 6. Read and Standby Modes AC Characteristics (T A= 0 to 70°C, Vee = SV ± 1 0%) 

M624065 

Symbol Parameter -12 -15 -20 Unit 

Min Max Min Max Min Max 

tAVAV Read Cycle Time 12 15 20 ns 

tAVQV(1) Address Valid to Output Valid 12 15 20 ns 

tELQV (1) Chip Enable Low to Output Valid 12 15 20 ns 

tGLQV(1) Output Enable Low to Output Valid 7 8 10 ns 

tELQX (2) Chip Enable Low to Output Transition 3 3 3 ns 

tGLOX (2) Output Enable Low to Output Transition 0 0 0 ns 

tEHOZ (2) Chip Enable High to Output Hi-Z 0 7 0 8 0 10 ns 

tGHOZ (2) Output Enable High to Output Hi-Z 0 7 0 8 0 10 ns 

tAXQX (1) Address Transition to Output Transition 3 3 3 ns 

tpu (3) Chip Enable to Power Up 0 0 0 ns 

tpo (3) Chip Enable to Power Down 12 15 20 ns 

Notes: 1. e, = 30pF . 
2. e,= 5pF 
3. Measured to 50% point between Icc and lcc1. 

4/8 
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M624065 

Figure 4. Read Mode AC Waveforms 

tAVAV 

VALID 

tAVQV .,, tAXQX 1-

1--------- tEL Q V ______. rtEHQZ-Jo 

1- tELQX --j 
r.::. tGHQZ ----to .__ tGLQV-

! 
I+- tGLQX _,. 

DQO-DQ3 DATA OUT 

VA00921 

Figure 5. Standby Mode AC Waveforms 

Icc JtPU~ -------------------
50% 

VA00799 
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M624065 

Table 7. Write Mode AC Characteristics (TA = 0 to 70°C, Vee= 5V ± 10%) 

M624065 
Symbol Parameter -12 -15 -20 Unit 

Min Max Min Max Min Max 

tAVAV Write Cycle 1ime 12 15 20 ns 

tAVWL Address Valid to Write Enable Low 0 0 0 ns 

tAVWH Address Valid to Write Enable High 9 10 12 ns 

tAVEH Address Valid to Chip Enable High 9 10 12 ns 

twLWH Write Enable Pulse Width 9 10 12 ns 

twHAX Write Enable High to Address Transition 0 0 0 ns 

twHDX Write Enable High to Input Transition 0 0 0 ns 

tEHDX Chip Enable High to Input Transition 0 0 0 ns 

twHOX (1) Write Enable High to Output Transition 0 0 0 ns 

twLOZ (1) Write Enable Low to Output Hi·Z 0 8 0 8 0 10 ns 

tAVEL Address Valid to Chip Enable Low 0 0 0 ns 

tELEH Chip Enable Low to Chip Enable High 9 10 15 ns 

tEHAX Chip Enable High to Address Transition 0 0 0 ns 

toVWH Input Valid to Write Enable High 7 8 10 ns 

toVEH Input Valid to Chip Enable High 7 8 10 ns 

Note: 1. e, = 5pF 

Figure 6. Write Enable Controlled, Write AC Waveforms 

tAVAV 

AO-A15 ~ 
___/ 

VALID 

tAVWH 

- tAVELt -tWHAX -I 
tWLWH 

- tAVWL 1--
w - tWLQZ - - tWHQX ----. 

tDVWH --- tWHDX-=:-! 

DATA INPUT J----~ 1\ 
000-003 

VA00916 
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M624065 

Figure 7. Chip Enable Controlled, Write AC Waveforms 

tAVAV 

VALID t tAVEH - tAVEL - - tEHAX 

tA VWL !:::1 tELEH 

\ w 

D00-003 

1-- tEHDX ~ 
OAT~~ ~1-----

tDVEH I 

VA00917 

Table 8. Low Vee Data Retention Characteristics (TA = 0 to 70°C, Vee= 5V ± 10%) 

Symbol Parameter Test Condition Min Max Unit 

leez (1) Supply Current (Data Retention) Vee= 3V, E ~Vee- 0.3V, I= 0 200 J.lA 

VoR(1) Supply Voltage (Data Retention) E ~Vee- 0.3V, I= 0 2 4.5 v 

!coR (1, 2) Chip Disable to Power Down E ~Vee- 0.3V, I= 0 0 ns 

IR (Z) Operation Recovery Time IAVAV ns 

Notes: 1. All other Inputs V,H ;o, Vee- 0.3V or Vll $ 0.3V 
2. See F1gure 8 for measurement points. Guaranteed but not tested 

Figure 8. Low Vee Data Retention AC Waveforms 

- DATA RETENTION MODE --

5V -------~ 
I 

Vee 4.5V 

VDR > 2V -------+'------------____.} 

~teaR - E >Vee- o.Jv ._ tR ~ 
~ \\... ______ ;_;_ _______ --JI L 

VA00802 
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M624065 

ORDERING INFORMATION 

Example: M624065 -12 E 

Speed Package Temperature Range 

-12 12 ns PS PSDIP28 1 Oto70°C 

-15 15 ns E PSOJ28 

-20 20 ns 
300 mils 

For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

:::.B/8=------------ W'l SGS·1HOMSON -----------
." lil:iln©OO©rnll.lli~a 

616 



M628032 

VERY FAST CMOS 32K x 8 SRAM WITH OUTPUT ENABLE 

• 32K x 8 CMOS FAST SRAM WITH OUTPUT 
ENABLE 

• EQUAL CYCLE AND ACCESS TIMES: 
12, 15,20ns 

• LOW Vee DATA RETENTION: 2V 

• TRI-STATE COMMON 1/0 

• JEDEC PLASTIC SOJ and DIP, 300 mil PACK­
AGES 

DESCRIPTION 

The M628032 is a 256K (262, 144 bit) Fast CMOS 
SRAM, organized as 32,768 words by 8 bits. It is 
fabricated using SGS-THOMSON's Advanced, low 
power, high performance, CMOS technology. The 
device features fully static operation requiring no 
external clocks or timing strobes, with equal ad­
dress access and cycle times. It requires a single 
SV ± 10% supply, and all inputs and outputs are 
TTL compatible. 

Table 1. Signal Names 

AO-A14 Address Inputs 

000-007 Data Inputs I Outputs 

E Chip Enable 
-
G Output Enable 

-w Write Enable 

Vee Supply Voltage 

Vss Ground 

May 1992 

PSDIP28 (PS) 

Figure 1. Logic Diagram 

Vee 

15 

AO-A14 

w M628032 

E 

G 

Vss 

PSOJ28 (E) 
300 mils 

8 

DQO-DQ7 

VA00922 

1/8 
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M628032 

Figure 2A. SDIP Pin Connections Figure 28. SOJ Pin Connections 

A14 [ 1 '-J 28 ~Vee A14 1 28 P Vee 
A12 [ 2 27 ~w 
A7 [ 3 26 0 A13 

A12 2 27 pw 
A7 3 26 p A13 

A6 [ 4 25 AS A6 4 25 p AS 

AS [ 5 24 p A9 A5 5 24 p A9 

A4[ 6 23 0 All A4 6 23 p A11 
A3 [ 7 

M628032 22 G 
A2 [ 8 21 p A10 

A3 7 M62803222 pc; 
A2 8 21 p A10 

AH 9 20 b E A1 9 20 p E 
AO [ 10 19 DQ7 

DQO [ 11 18 p DQ6 
AO 10 19 p DQ7 

DQO 11 18 p DQ6 

DQH 12 17 b DQ5 DQ1 12 17 p DQ5 

DQ2 [ 13 16 DQ4 DQ2 13 16 p DQ4 

Vss [ 14 15 D DQ3 Vss 14 15 p DQ3 
VA00923 VA00924 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature 0 to 70 oc 

Tsm Storage Temperature -65 to 150 oc 
v,o{1) Input or Output Voltages -0.5 to Vee+ 0.5 v 

Vee Supply Voltage -0.5 to 7 v 

Ia 121 Output Current 20 rnA 

Po Power Dissipation 1 w 
Notes: 1. Up to a maximum operatmg Vee of 5.5V only 

2. One output at a time. not to exceed 1 second duration. 

Table 3. Operating Modes 
-

Mode E w G DQO-DQ7 Power 

Read v,L v,H v,H Hi·Z Active 

Read v,L v,H v,L Data Output Active 

Write v,L v,L X Data Input Active 

Deselect v,H X X Hi·Z Standby 

Note: X = V1H or V1L 

2/8 
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READ MODE 

The M628032 is in the Read mode whenever Write 
Enable (W) is HighL with Output Enable G is Low, 
with Chip Enable (E) asserted. This provides ac­
cess to data from nine of the 262, 144 locations in 
the static memory array, specified by the 15 ad­
dress inputs. Valid data will be available at the eight 
output pins within tAvov after the last stable ad­
dress, providing G is Low, and Chip Enable E is 
valid. If Chip Enable or Output Enable access times 
are not met, data access will be measured from the 
limiting parameter (tELOV or tGLov) rather than the 
address. Data out may be indeterminate at tELOX 
and tGLQX, but datalines will always be valid at 
tAVQV. 

WRITE MODE 

The M628032 is in the Write mode whenever the 
Wand E pins are L~. Chip Enable input E or the 
Write Enable input (W) must be de-asserted during 
Address transitions for subsequent write cycles. 
Write begins with_lhe concurrence of Chip Enable 
being active with W Low. Therefore, address setup 
time is referenced to Write Enable and Chip Enable 
as tAvwL and tAvEL respectively, and is determined 
by the latter occurring edge. The Write cy_Qie can 
be terminated by the earlier rising edge of E or W. 

!f._ the Output is enabled (E Low and G Low), then 
W will return the outputs to high impedance within 
twLoz of its falling edge. Care must be taken to 
avoid bus contention in this type of operation. Data 
input must be valid for tovwH before the rising edge 
of Write Enable, or for tovEH before the rising edge 
of E, whichever occurs first, and remain valid for 
twHDX or tEHDX· 

OPERATIONAL MODE 

The M628032 has a Chip Enable power down 
feature which invokes an automatic standby mode 

Table 4. Capacitance <1> (TA = 25 °C, f = 1 MHz) 

M628032 

whenever Chip ~able is de-asserted (E High). An 
Output Enable (G) pin provides a high speed tri­
state control, allowing fast read/write cycles to be 
achieved with the common-I/O data bus. Opera­
tional modes a.r..e determined by device control 
inputs W and E as summarized the Operating 
Mode table. 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing Ref. Voltages 

:s; 1.5ns 
Oto3V 

1.5V 

Note that Output Hi·Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

5V 

4700 

..._ __ __. 2400 CL =30pF or 5pF 

CL includes JIG capacitance 

VAOOBZ9 

Symbol Parameter Test Condition Min Max Unit 

CiN Input Capacitance 

Cour <21 Output Capacitance 

Notes: 1. Sampled. not 100% tested 
2. Outputs deselected 

V1N = OV 6 pF 

Vour= OV 8 pF 

3/8 -------------l.W ~itm~e~~~ --------------== 
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M628032 

Table 5. DC Characteristics (TA = 0 to 70 oc, Vee= 5V ± 1 0%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current ovsv,N sVcc ±1 J.lA 

ILo Output Leakage Current OV s; Vour s; Vee ±5 J.lA 

Vee= 5.5V, (-12) 140 rnA 

Icc '1> Supply Current Vee= 5.5V, (-15) 130 rnA 

Vee= 5.5V, (-20) 120 rnA 

lcc1 '2> 
Supply Current (Standby) -

TTL Vee= 5.5V, E = V1H, f = 0 25 rnA 

lcc1 (3) Supply Current (Standby) Vee= 5.5V, E <:Vee- 0.2V, 1 rnA CMOS f= 0 

v,L Input Low Voltage -0.3 0.8 v 

V1H Input High Voltage 2.2 Vee+ 0.3 v 

VoL Output Low Voltage loL= 8mA 0.4 v 

VoH Output High Voltage loH=-4mA 2.4 v 

Notes: 1. Average Ae current, Outputs open, cycling atiAvAv minimum 
2. All other Inputs at V" ~ O.BV or v," ;, 2.2V 
3. All other Inputs at v,c ~ 0.2V or v,";, Vee- 0.2V 

Table 6. Read and Standby Modes AC Characteristics (T A= 0 to 70°C, Vee = SV ± 1 0%) 

M628032 

Symbol Parameter -12 -15 -20 Unit 

Min Max Min Max Min Max 

tAVAV Read Cycle Time 12 15 20 ns 

tAVQV(1) Address Valid to Output Valid 12 15 20 ns 

teLOV (1) Chip Enable Low to Output Valid 12 15 20 ns 

tGLQV (1) Output Enable Low to Output Valid 7 8 10 ns 

teLOX (2) Chip Enable Low to Output Transition 3 3 3 ns 

tGLOX (2) Output Enable Low to Output Transition 0 0 0 ns 

teHOZ (2) Chip Enable High to Output Hi-Z 0 7 0 8 0 10 ns 

tGHQZ (2) Output Enable High to Output Hi-Z 0 7 0 8 0 10 ns 

tAXQX (1) Address Transition to Output Transition 3 3 3 ns 

tpu (3) Chip Enable to Power Up 0 0 0 ns 

tpo (3) Chip Enable to Power Down 12 15 20 ns 

Notes: 1. eL = 30pF 
2. eL= 5pF 
3. Measured to 50% point between Icc and lcc1. 

""'4/.::....8 ---------- t==' SGS·lHOMSON -----------­"""'!I li:1ln©OO©rni1.I<©'ITill©li:<lO©® 
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M628032 

Figure 4. Read Mode AC Waveforms 

A0-A14 

IAVAV ~ 
==t~-------V-AL-ID------~=1~-----

IAVQV IAXQX-- tELQV -- rtEHQZ-. 

~ tELQX ____, 

1:::.. tGHQZ --. f.- tGLQV--. 

1 
~ tGLQX-. 

DQO-DQ7 DATA OUT 

VA00925 

Figure 5. Standby Mode AC Waveforms 

VA00799 
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M628032 

Table 7. Write Mode AC Characteristics (TA = 0 to 70°C, Vee= 5V ± 10%) 

M628032 
Symbol Parameter -12 -15 -20 Unit 

Min Max Min Max Min Max 

tAVAV Write Cycle lime 12 15 20 ns 

tAVWL Address Valid to Write Enable Low 0 0 0 ns 

tAvwH Address Valid to Write Enable High 9 10 12 ns 

tAVEH Address Valid to Chip Enable High 9 10 12 ns 

twLWH Write Enable Pulse Width 9 10 12 ns 

twHAX Write Enable High to Address Transition 0 0 0 ns 

twHDX Write Enable High to Input Transition 0 0 0 ns 

tEHDX Chip Enable High to Input Transition 0 0 0 ns 

twHOX (l) Write Enable High to Output Transition 0 0 0 ns 

.- tWLQZ(l) Write Enable Low to Output Hi-Z 0 8 0 8 0 10 ns 

tAVEL Address Valid to Chip Enable Low 0 0 0 ns 

tELEH Chip Enable Low to Chip Enable High 9 10 12 ns 

tEHAX Chip Enable High to Address Transition 0 0 0 ns 

tovwH Input Valid to Write Enable High 7 8 10 ns 

tovEH Input Valid to Chip Enable High 7 8 10 ns 

Note: 1. e, = 5pF 

Figure 6. Write Enable Controlled, Write AC Waveforms 

tAVAV 

AO-A14 ~ 
__j 

VALID 

tAVWH -tAVEL 1-- -tWHAX -
E I 

tWLWH 

- tAVWL 1--
w 

- tWLQZ 1-- f-- tWHQX -

~ tDVWH--. J-- tWHDX-

DATA INPUT 
_v-

IL 
DQO-DQ7 

VA00926 
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M628032 

Figure 7. Chip Enable Controlled, Write AC Waveforms 

tAVAV 

-----AO-A14 
__j 

VALID 

tAVEH - \AVEL 1- - tEHAX I--

AVWLd tELEH 

w 
-tEHDX~ 

~ DATA INPUT ~ 

F tDVEH -----1 
DQ0-007 

VA00927 

Table 8. Low Vee Data Retention Characteristics (T A= 0 to 70°C, Vee = 5V ± 1 0%) 

Symbol Parameter Test Condition Min Max Unit 

lee2 11 l Supply Current (Data Retention) Vee = 3V, E ~ Vee- 0.3V, I= 0 200 f!A 

VaR(t) Supply Voltage (Data Retention) E~Vcc-0.3V,I=0 2 4.5 v 
!cDR (1, 2) Chip Disable to Power Down E ~Vee- 0.3V, I= 0 0 ns 

tR (2) Operation Recovery Time IAVAV ns 

Notes: 1 All other Inputs v,H;, Vee- 0.3V or VIL :s 0.3V 
2. See F1gure 8 for measurement pomts. Guaranteed but not tested 

Figure 8. Low Vee Data Retention AC Waveforms 

!+---- DATA RETENTION MODE --

5V -------~ 
1/ 

Vee 4.5V 

E 

VoR ]!CDR ~_...___ ________ __,/~ lR 1 

~ \~..., ____ r_>_v_c;_e:.._-_o_.3_v _____ __J/ L 

VA00802 
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M628032 

ORDERING INFORMATION 

Example: M628032 -12 E 1 

Speed 

-12 12 ns PS 
-15 15 ns E PSOJ28 
-20 20 ns 300 mils 

For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 
For further information on any aspect of this device, please contact our Sales Office nearest to you. 

8/8 
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M629032 

VERY FAST CMOS 32K x 9 SRAM WITH OUTPUT ENABLE 

• 32K x 9 CMOS FAST SRAM WITH OUTPUT 
ENABLE 

• EQUAL CYCLE AND ACCESS TIMES: 
12, 15,20ns 

• TRI-STATE COMMON 1/0 

• JEDEC PLASTIC SOJ and DIP, 300 mil PACK­
AGES 

DESCRIPTION 

The M629032 is a 288K (294,912 bit) Fast CMOS 
SRAM, organized as 32,768 words by 9 bits. It is 
fabricated using SGS-THOMSON'sAdvanced,low 
power, high performance, CMOS technology. The 
device features fully static operation requiring no 
external clocks or timing strobes, with equal ad­
dress access and cycle times. It requires a single 
5V ± 1 0% supply, and all inputs and outputs are 
TTL compatible. 

Table 1. Signal Names 

AO-A14 Address Inputs 

DQO-DQB Data Inputs Outputs 

E1 Chip Enable 1 

E2 Chip Enable 2 

G Output Enable 

w Write Enable 

Vee Supply Voltage 

Vss Ground 

Ma 1992 

PSDIP32 (PS) 

Figure 1. Logic Diagram 

Vee 

15 

M629032 

Vss 

32\/ 
PSOJ32 (E) 

300 mils 

9 

DQO-DQS 

VA00965 
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M629032 

Figure 2A. SDIP Pin Connections Figure 28. SOJ Pin Connections 

Ne Vee Ne 1 32 Vee 
Ne A14 NC 2 31 A14 
AS E2 AS 3 30 E2 
A7 w A7 4 29 w 
A6 A13 A6 s 28 A13 
AS A9 AS 6 27 A9 
A4 A10 A4 7 26 A10 
A3 A11 A3 8 25 A11 
A2 G A2 g M629032 24 G 
A1 A12 A1 10 23 A12 

AO IT AO 11 22 IT 
DQO DQ8 DQO 12 21 DQS 
DQ1 DQ7 DQ1 13 20 DQ7 

DQ2 DQ6 DQ2 14 19 DQ6 
DQ3 DQS DQ3 1S 18 DQS 

Vss DQ4 Vss 16 17 004 

VA00966 VA00967 

Warning: NC =No Connection. Warning: NC =No Connection. 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature 0 to 70 oc 

TsTG Storage Temperature -65 to 150 oc 

V1o 111 Input or Output Voltages -0.5 to Vee+ 0.5 v 

Vee Supply Voltage -0.5 to 7 v 

lo 121 Output Current 20 mA 

Po Power Dissipation 1 w 
Notes: 1. Up to a maximum operating Vee of S.SV only. 

2 One output at a time, not to exceed 1 second duration. 

Table 3. Operating Modes 

Mode E1 E2 w G DQO-DQS Power 

Read VIL V1H V1H V1H Hi-Z Act1ve 

Read V1L V1H V1H V1L Data Output Active 

Write V1L V1H V1L X Data Input Active 

Deselect VJH X X X Hi-Z Standby 

Deselect X VJL X X Hi-Z Standby 

Note: X= v,H or VIL 

2/9 
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READ MODE 

The M629032 is in the Read mode whenever Write 
Enable (W) is High, witi!...Qutput Enable (G) Low, 
with both Chip Enables (E1 and E2) asserted. This 
provides access to data from nine of the 294,912 
locations in the static memory array, specified by 
the 15 address inputs. Valid data will be available 
at the nine Q output pins within tAvav after the last 
stable address, providing G is Low and Chip En­
ables are valid. If Chip Enable or Output Enable 
access times are not met, data access will be 
measured from the limiting parameter (tE1Lav, 
tE2HOV or tGLav) rather than the address. Data out 
may be indeterminate at tE1LOX, tE2HOX and tGLOX, 
but datalines will always be valid at tAvav. 

WRITE MODE 

The M629032 is in the Write mode whenever the 
Wand IT P-)Ds are Low with E2 High. Chip Enables 
E1, E2 or W must be deasserted during address 
transitions for subsequent write cycles. Write be­
gins with the congJrrence of the two Chip Enables 
being active with W Low. Therefore, address setup 
time is referenced to Write Enable and Chip Enable 
as tAVWL and tAVE1L, tAVE2H respectively, and is 
determined by the latter occurring edge. The Write 
cycle ca'!_be terminated by the earlier rising edge 
of E1 or W or the falling edge of E2. 

If the Outp~ is enabled (E1 Low, E2 High and G 
Low), then W will return the outputs to high imped­
ance within twLaz of its falling edge. Care must be 
taken to avoid bus contention in this type of oper­
ation. Data input must be valid fortovwH before the 
rising edge of Write Enable, or for tovE1 H before the 
rising edge of E1 or for tovE2L before the falling 
edge of E2, whichever occurs first, and remain valid 
for twHDX, tE1 HDX or tE2LDX. 

Table 4. Capacitance <1> (TA = 25 oc, f = 1 MHz) 

Symbol Parameter 

C1N Input Capacitance 

Cour <21 Output Capacitance 

Notes: 1. Sampled, not 100% tested 
2. Output deselected 

M629032 

OPERATIONAL MODE 

The M629032 has a Chip Enable power down 
feature which invokes an automatic standby mode 
whenever either Chip Enable is d~asserted (IT 
High or E2 Low). An Output Enable (G) pin provides 
a high speed tri-state control, allowing fast 
read/write cycles to be achieved with the common 
1/0 data bus. Operational modes are determined 
by device control inputs Wand IT, E2, as summa­
rized the Operating Mode table. 

AC MEASUREMENT CONDITIONS 

Input Rise and Fa111imes 

Input Pulse Voltages 

~ 1.5ns 

Oto3V 
Input and Output1iming Ref. Voltages 1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

5V 

4700 

.__ __ __. 2400 
Cl =30pF or 5pF 

CL includes JIG capacitance 

VA00829 

Test Condition Min Max Unit 

V1N = OV 6 pF 

Vour= OV 8 pF 

3/9 
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M629032 

Table 5. DC Characteristics (TA = 0 to 70 ac, Vee = 5V ± 1 0%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current ov,; v,N,;; Vee ±1 J.IA 
ILO Output Leakage Current OV,; VouT,;; Vee ±5 J.IA 

Vee= 5.5V, (-12) 140 rnA 

Icc '11 Supply Current Vee= 5.5V, (-15) 130 rnA 

Vee= 5.5V, (-20) 120 rnA 

lcc1 '21 Supply Current (Standby) Vee= 5.5V, E1 = v,H or E2 = v,L, 25 rnA 
TTL f = 0 

lcc1 '31 Supply Current (Standby) Vee= 5.5V, E1 ~Vee- 0.2V or 1 rnA 
CMOS E2 ,; 0.2V, f = 0 

v,L Input Low Voltage -0.3 0.8 v 

v,H Input High Voltage 2.2 Vee+ 0.3 v 

VoL Output Low Voltage loL= 8mA 0.4 v 

VoH Output High Voltage loH =-4mA 2.4 v 
Notes: 1. Average Ae current, Outputs open, cycling at tAvAv minimum 

2. All other Inputs at VJL s O.SV or v,H e: 2.2V 
3. All other Inputs at v,L $ 0.2V or v,H "Vee- 0.2V 

Table 6. Read and Standby Modes AC Characteristics (T A= 0 to 70°C, Vee = 5V ± 1 0%) 

M629032 
Symbol Parameter -12 ·15 ·20 Unit 

Min Max Min Max Min Max 

tAVAV Read Cycle Time 12 15 20 ns 

tAVQV (1) Address Valid to Output Valid 12 15 20 ns 

tE1LQV (1) Chip Enable 1 Low to Output Valid 12 15 20 ns 

tE2HQV (1) Chip Enable 2 High to Output Valid 12 15 20 ns 

tGLQV (1) Output Enable Low to Output Valid 7 8 10 ns 

tE1LOX (2) Chip Enable 1 Low to Output Transition 3 3 3 ns 

tE2HQX (2) Chip Enable 2 High to Output Transition 3 3 3 ns 

tGLQX (2) Output Enable Low to Output Transition 0 0 0 ns 

tE1HQZ (2) Chip Enable 1 High to Output Hi-Z 0 7 0 8 0 10 ns 

tE2LQZ (2) Chip Enable 2 Low to Output Hi-Z 0 7 0 8 0 10 ns 

tGHQZ (2) Output Enable High to Output Hi-Z 0 7 0 8 0 10 ns 

tAXQX (1) Address Transition to Output Transition 3 3 3 ns 

tpu '31 Chip Enable 1 Low or Chip Enable 2 High to 0 0 0 ns Power Up 

tpo '31 Chip Enable 1 High or Chip Enable 2 Low to 12 15 20 ns Power Down 

Noles: 1. eL = 30pF 
2. eL = SpF 
3. Measured to 50% point between Icc and lcc1. 

4/9 
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Figure 4. Read Mode AC Waveforms 

AO-A14 

E1 

E2 

DQO-DQS 

tAVAV ------~ 

VAUD 
1'----1----- tAVQV ---~~~ 

VAUO 

Figure 5. Standby Mode AC Waveforms 

E1 

}PUTs 
E2 

1cc -------------------

1cc1 
50% 

M629032 
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M629032 

Table 7. Write Mode AC Characteristics (TA = 0 to 70°C, Vee= 5V ± 10%) 

M629032 

Symbol Parameter 
-12 -15 ·20 

Unit 

Min Max Min Max Min Max 

tAVAV Write Cycle Time 12 15 20 ns 

tAVWL Address Valid to Write Enable Low 0 0 0 ns 

tAVWH Address Valid to Write Enable High 9 10 15 ns 

tAVE1H Address Valid to Chip Enable 1 High 9 10 15 ns 

tAVE2L Address Valid to Chip Enable 2 Low 9 10 15 ns 

twLWH Write Enable Pulse Width 9 10 15 ns 

tE1LE1H Chip Enable 1 Low to Chip Enable 1 High 9 10 15 ns 

tE2HE2L Chip Enable 2 High to Chip Enable 2 Low 9 10 15 ns 

twHAX Write Enable High to Address Transition 0 0 0 ns 

twHDX Write Enable High to Input Transition 0 0 0 ns 

tE1HAX Chip Enable 1 High to Address Transition 0 0 0 ns 

tE2LAX Chip Enable 2 Low to Address Transition 0 0 0 ns 

twHOX(1) Write Enable High to Output Transition 0 0 0 ns 

twLOZ(1) Write Enable Low to Output Hi-Z 0 8 0 8 0 10 ns 

tAVE1L Address Valid to Chip Enable 1 Low 0 0 0 ns 

tAVE2H Address Valid to Chip Enable 2 High 0 0 0 ns 

tovwH Input Valid to Write Enable High 7 8 10 ns 

tovE1H Input Valid to Chip Enable 1 High 7 8 10 ns 

tovE2L Input Valid to Chip Enable 2 Low 7 8 10 ns 

Note: 1. e, = 5pF 



M629032 

Figure 6. Write Enable Controlled, Write AC Waveforms 

AO-A14 

tWHArX~~----------
E1 

E2 

w 

DQO-DQB 

VA00969 

Figure 7. Chip Enable Controlled, Write AC Waveforms 

tAVAV 

AO-A14 
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VALID 
---' 

tAVE1 H 

--10 tAVE1L - - tE1 HAX -
E1 

~~ """ l tE1LE1H 

tAVE2L - tAVE2H ~ 

E2 

tE2HE2L 
tA VWL_ 

DQO-DQB 

-:ElHDX~ 
tE2LDX 

~ 
\...._) 

~ tDVE1H _____. 
tDVE2L 

VA00970 
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M629032 

Table 8. Low Vee Data Retention Characteristics (TA = 0 to 70°C, Vee= 5V ± 10%) 

Symbol Parameter Test Condition Min Max Unit 
-

lcc2 11 l Supply Current (Data Retention) Vee= 3V, E1 ~Vee- 0.3V, 200 ~A E2 ~ 0.3V, f = 0 

-
VoR(t) Supply Voltage (Data Retention) E1 ~Vee- 0.3V, E2 ~ 0.3V, 2 4.5 v f= 0 

-

!coR 11 · 2) Chip Disable to Power Down E1 ~Vee- 0.3V, E2 ~ 0.3V, 0 ns 
f = 0 

IR (2) Operation Recovery Time IAVAV ns 

Notes: 1. All other Inputs v,"?. Vee- 0.3V or V",; 0.3V 
2. See F1gure 8 for measurement points. Guaranteed but not tested 

Figure 8. Low Vee Data Retention AC Waveforms 

DATA RETENTION MODE 

5V -------

Vee 

Vop > 2V -------·1-'---------------' 

tR 

IT > Vee- 0.3V 

E2 < 0.3V 
E2 

VA00809 
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ORDERING INFORMATION 

-12 

-15 

-20 

Example: 

Speed 

12 ns 

20 ns 

25 ns 

M629032 

M629032 -12 E 1 

PS 

E PSOJ32 
300 mils 

For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

9/9 ------------- i.V ~~©m~ij~~ ---------------== 
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M621100 

VERY FAST CMOS 1 Megabit (1M x 1) SRAM 

• 1 Megabit CMOS FAST SRAM 

• EQUAL CYCLE AND ACCESS TIMES: 
15, 17,20, 25ns 

• LOW Vee DATA RETENTION: 2V 

• SEPARATE DATA INPUT AND OUTPUT 

• JEDEC PLASTIC SOJ, 400 mil PACKAGE 

DESCRIPTION 

The M6211 00 is a 1 Megabit Fast CMOS SRAM, 
organized as 1 ,048,576 by 1 bit. It is fabricated 
using SGS-THOMSON's Advanced, low power, 
high performance, CMOS technology. The device 
features fully static operation requiring no external 
clocks or timing strobes, with equal address access 
and cycle times. It requires a single 5V ± 10% 
supply, and all inputs and outputs are TTL compat­
ible. 

Table 1. Signal Names 

AD- A19 Address Inputs 

D Data Input 

Q Data Output 

E Chip Enable 

-w Write Enable 

Vee Supply Voltage 

Vss Ground 

May 1992 

PSOJ28 (E) 
400 mils 

Figure 1. Logic Diagram 

Vee 

D 

AO-A19 M621100 

w 
E 

Vss 

Q 

VA00796 
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M621100 

Table 2. Absolute Maximum Ratings 

Symbol Parameter 

TA Ambient Operating Temperature 

Tsm Storage Temperature 

V1o<1l Input or Output Voltages 

Vee Supply Voltage 

lo (2) Output Current 

PD Power Dissipation 

Notes: 1. Up to a maximum operating Vee of 5.5V only. 
2. One output at a time, not to exceed 1 second duration. 

Table 3. Operating Modes 

E -
Mode w 

Read VIL VIH 

Write VIL VIL 

Deselect ViH X 

Note: X = v,H or v,L 

Figure 2. SOJ Pin Connections 

A10 1 28 Vee 
A11 2 27 A9 

A12 3 26 A8 
A13 4 25 A7 
A14 5 24 A6 
A15 6 23 A5 
Ne 7 M621100 22 A4 

A16 8 21 Ne 
A17 9 20 A3 
A18 10 19 A2 
A19 11 18 A1 

0 12 17 AO 
w 13 16 D 

Vss 14 15 E 
VA00797 

Warning: NC = No Connection. 

Value Unit 

Oto 70 oc 
-65 to 150 oc 

-0.5 to Vee+ 0.5 v 
-0.5to 7 v 

20 rnA 

1 w 

D a Power 

X Data Output Active 

Data Input Hi-Z Active 

X Hi-Z Standby 

READ MODE 

The M6211 00 is in the Read mode whenever Write 
Enable (W) is High and Chip Enable (E) is asserted. 
This provides access to data from one of the 
1,048,576 locations in the static memory array, 
specified by the 20 address inputs. Valid data will 
be available at the output pin (Q) '!'{!thin tAvav after 
the last stable address, providing E is Low. If Chip 
Enable access time is not met, data access will be 
measured from the limiting parameter (tELOV) 
rather than the address. Data out may be indeter­
minate at tELax. but data lines will always be valid 
at tAVQV. 

WRITE MODE 

The M6211 00 is in the Write mode whenever the 
Vj_ and E pins are Low. Either the Chip Enable input 
(E) or the write input W must be de-asserted during 
Address transitions for subsequent write cycles. 
Write begins withJ.he concurrence of Chip Enable 
being active with W Low. Therefore, address setup 
time is referenced to Write Enable and Chip Enable 
as tAvwL and tAvEL respectively, and is determined 
by the latter occurring edge. The Write cycle can 
be terminated by the earlier rising edge of E or Vii. 
If the Output is enabled (E Low), then Vii will return 
the output to high impedance within twLaz of its 
falling edge. Data input must be valid for tovwH 

218 
=------------~ ~i~©'W.~~~~li -------------
636 



WRITE MODE (cont'd) 

before the rising edge of '{'{rite Enable, or for tovEH 
before the rising edge of E whichever occurs first, 
and remain valid for twHDX or tEHDX. 

OPERATIONAL MODE 

The M621100 has a Chip Enable power down 
feature which invokes an automatic standby mod_g 
whenever either Chip Enable is de-asserted (E 
High). Operational modes are determined by de­
vice control inputs W, and E as summarized the 
Operating Mode table. 

Table 4. Capacitance <1> (T A = 25 oc, f = 1 MHz ) 

Symbol Parameter 

CIN Input Capacitance 

Cour '21 Output Capacitance 

Notes: 1. Sampled, nat 100% tested 
2. Output deselected 

M621100 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times ~ 1.5ns 

Input Pulse Voltages 0 to 3V 

Input and Output Timing Ref. Voltages 1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

5V 

CL includes JIG capacitance 

Test Condition Min Max 

VIN = ov 6 

Vour = OV 8 

VA00829 

Unit 

pF 

pF 

3/8 --------------~ ~~©Itl~~~~~~ ____________ __:::_:: 
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M621100 

Table 5. DC Characteristics (TA = 0 to 70 °C, Vee = 5V ± 1 0%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV,;; V1N,;; Vee ±1 J.LA 

ILo Output Leakage Current OV,;; Vour,;; Vee ±5 JlA 

Vee= 5.5V, (-15 & -17) 160 mA 

Icc <1l Supply Current Vee= 5.5V, (-20) 140 mA 

Vee= 5.5V, (-25) 130 mA 

lcc1 <2l Supply Current (Standby) Vee= 5.5V, E = V1H. f = o 25 mA TTL 

lec1 (3) 
Supply Current (Standby) -

mA CMOS Vee= 5.5V, E;:: Vee- 0.2V, f = 0 4 

V1L Input Low Voltage -0.3 0.8 v 
VIH Input High Voltage 2.2 Vcc+0.3 v 
VoL Output Low Voltage loL=8mA 0.4 v 
VoH Output High Voltage loH=-4mA 2.4 v 

Noles: 1. Average Ae current, Outputs open, cycling at lAvAv minimum 
2. All other Inputs at v,L,; o.av or v,";, 2.2v 
3. All other Inputs at V1L,; 0.2Vor V1H;, Vcc-0.2V 

Table 6. Read and Standby Modes AC Characteristics (TA = 0 to 70°C, Vee = 5V ± 1 0%) 

M621100 

Symbol Parameter -15 -17 -20 -25 Unit 

Min Max Min Max Min Max Min Max 

IAVAV Read Cycle Time 15 17 20 25 ns 

IAvav (1) Address Valid to Output Valid 15 17 20 25 ns 

teLOV(1) Chip Enable Low to Output 15 17 20 25 ns Valid 

teLOX (2) Chip Enable Low to Output 2 2 2 2 ns Transition 

leHaz <2l Chip Enable High to Output 
0 8 0 10 0 10 0 10 ns Hi-Z 

tAXQX (1) Address Transition to Output 3 3 3 3 ns Transition 

tpu <3l Chip Enable Low to Power Up 0 0 0 0 ns 

tpo <3l Chip Enable High to Power 15 17 20 25 ns Down 

Notes: 1. eL = 30pF 
2. eL= SpF 
3. Measured to 50% point between Icc and lcc1. 

4/8 ..:;.;:. ____________ liYi ~~m~~~~lj -------------
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M621100 

Figure 4. Read Mode AC Waveforms 

-----.t tAVAV 4 
AO-A19 ~---------VA_L_ID ___________ ~~-------

tAVQV .. I tAXQX -
E 

- tELQV- rtEHQZ--. 

- tELQX-

Q VALID 

VA00798 

Figure 5. Standby Mode AC Waveforms 

Icc 
=tlPUf, 

------------------- ~0% 

VA00799 
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M621100 

Table 7. Write Mode AC Characteristics (TA = 0 to 70°C, Vee= 5V ± 10%) 

M621100 
Symbol Parameter -15 -17 -20 -25 Unit 

Min Max Min Max Min Max Min Max 

tAVAV Write Cycle lime 15 17 20 25 ns 

tAVWL Address Valid to Write Enable Low 0 0 0 0 ns 

tAVWH Address Valid to Write Enable High 12 12 12 15 ns 

tAVEH Address Valid to Chip Enable High 12 12 12 15 ns 

twLWH Write Enable Pulse Width 10 12 12 15 ns 

twHAX 
Write Enable High to Address 0 0 0 0 ns Transition 

lwHDX Write Enable High to Input Transition 0 0 0 0 ns 

tEHDX Chip Enable High to Input Transition 0 0 0 0 ns 

twHOX(l) Write Enable High to Output Transition 0 0 0 0 ns 

twLOZ(l) Write Enable Low to Output Hi-Z 0 8 0 8 0 10 0 12 ns 

tAVEL Address Valid to Chip Enable Low 0 0 0 0 ns 

tELEH Chip Enable Low to Chip Enable High 10 12 12 15 ns 

tEHAX 
Chip Enable High to Address 0 0 0 0 ns Transition 

tovwH Input Valid to Write Enable High 8 10 12 12 ns 

tovEH Input Valid to Chip Enable High 8 10 12 12 ns 

Note: 1. eL = 5pF 

Figure 6. Write Enable Controlled, Write AC Waveforms 

tAVAV 
-----. 

AO-A19 VALID 
_,/ 

tAVWH - tAVEL -tWHAX -
\ I 

tWLWH - tAVWL ~ 
w -tWLQZ ~ f-- tWHQX--

~ tWHox-=:1. 
1--~ DATA INPUT t 
1--

tDVWH __, 

v-
L 

D 

Q. 

VAOOBOO 
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M621100 

Figure 7. Chip Enable Controlled, Write AC Waveforms 

tAVAV --------J>i 

VALID *,-----
~ 

AO-A19 ==:1 
tAVEH - tAVEL 1- -tEHAX 

lA VWL_ 
tELEH 

w 

D 
I 

DATA 

- tEHDX-1 

INPUT 

~ 
I 

tDVEH _______, 

0 

VA00801 

Table 8. Low Vee Data Retention Characteristics (T A= 0 to 70°C, Vee = 5V ± 1 0%) 

Symbol Parameter Test Condition Min Max Unit 

lee2 111 Supply Current (Data Retention) Vee= 3V, 1000 I! A E~Vee-0.3V,f=O 

VoR (1) Supply Voltage (Data Retention) E ~ Vee- 0.3V, f = 0 2 4.5 v 
!coR 11 · 21 Chip Disable to Power Down E ~Vee- 0.3V, f = 0 0 ns 

tR 121 Operation Recoverv T1me tAVAV ns 

Note: 1. All other Inputs V1H ;o, Vee- 0.3V or V1L,; 0.3V 
2. See F1gure 8 for measurement po1nts. Guaranteed but not tested 

Figure 8. Low Vee Data Retention AC Waveforms 

- DATA RETENTION MODE -

5V ----------x I 
Vee 4 sv 

VDR > 2V ------- 1\.l...-------------l/ 

I teDR 1- ~- tR I 
E > Vee - 0.3V I 

~ \~--------------------~- \__ 

VA00802 

7/8 --------------~ ~~~;IH~gt:~~~ _____________ :..:_:: 
641 



M621100 

ORDERING INFORMATION 

Example: M621~00 -15 E 1 

Speed 

-15 15 ns E Oto70°C 

-17 17 ns 

-20 20 ns 

-25 25ns 

For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 
For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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M624256 
VERY FAST CMOS 1 Megabit (256K x 4) SRAM 

WITH OUTPUT ENABLE 

• 256K x 4 CMOS FAST SRAM WITH OUTPUT 
ENABLE 

• EQUAL CYCLE AND ACCESS TIMES: 
15, 17,20, 25ns 

• LOW Vee DATA RETENTION: 2V 

• TRI-STATE COMMON 1/0 

• JEDEC PLASTIC SOJ, 400 mil PACKAGE 

DESCRIPTION 

The M624256 is a 1 Megabit (1 ,048,567 bit) Fast 
CMOS SRAM, organized as 262,144 words by 4 
bits. It is fabricated using SGS-THOMSON's Ad­
vanced, low power, high performance, CMOS tech­
nology. The device features fully static operation 
requiring no external clocks or timing strobes, with 
equal address access and cycle times. It requires 
a single 5V ± 1 0% supply, and all inputs and outputs 
are TTL compatible. 

Table 1. Signal Names 

AO- A17 Address Inputs 

DQO-DQ3 Data Inputs I Outputs 

E: Chip Enable 
-
G Output Enable 
-w Write Enable 

Vee Supply Voltage 

Vss Ground 

May 1992 

PSOJ28 (E) 
400 mils 

Figure 1. Logic Diagram 

Vee 

18 

AO-A17 

w M624256 

E 

G 

Vss 

4 
DQO-DQ3 

VA00810 
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M624256 

Table 2. Absolute Maximum Ratings 

Symbol Parameter 

TA Ambient Operating Temperature 

TsTG Storage Temperature 

V1o{11 Input or Output Voltages 

Vee Supply Voltage 

lo{21 Output Current 

Po Power Dissipation 

Notes: 1. Up to a maximum operat1ng Vee of 5.5V only. 
2. One output at a t1me, not to exceed 1 second duration. 

Table 3. Operating Modes 

E -
Mode w 

Read VJL V1H 

Read VJL VJH 

Write V1L VJL 

Deselect VJH X 

Figure 2. SOJ Pin Connections 

AD [ 1 28 Vee 
AH 2 27 A17 

A2 [ 3 26 A16 
A3 [ 4 25 A15 
A4[ 5 24 A14 
AS [ 6 23 pA13 
A6 [ 7 M624256 22 p A12 
A7[ 8 21 p A11 
AS [ 9 20 p Ne 
A9 [ 10 19 p DQO 

A1 0 [ 11 18 p 001 
E [ 12 17 p 002 
G [ 13 16 p 003 

Vss [ 14 15 DW 
VAOOB11 

Warning: NC =No Connection. 

644 

Value Unit 

Oto 70 oc 
-65 to 150 oc 

-0.5 to Vee + 0.5 v 
-0.5 to 7 v 

20 mA 

1 w 

-
G DQ0-003 Power 

VJH Hi-Z Active 

VJL Data Output Active 

X Data Input Active 

X Hi-Z Standby 

READ MODE 

The M624256 is in the Read mode whenever Write 
Enable (W) is Higl:l_ with Output Enable (G) Low, 
and Chip Enable (E) asserted. This provides ac­
cess to data from four of the 1 ,048,576 locations in 
the static memory array, specified by the 18 ad­
dress inputs. Valid data will be available at the four 
output pins withiQ_1Avav after th.§ last stable ad­
dress, providing G is Low and E is Low. If Chip 
Enable or Output Enable access times are not met, 
data access will be measured from the limiting 
parameter (tELov or tGLov) rather than the address. 
Data out may be indeterminate at tELOX and tGLox, 
but data lines will always be valid at tAvav. 

WRITE MODE 

The M624256 is in the Write mode whenever the 
Vi and E pins are Low. Either th@....Chip Enable input 
(E) or the Write Enable input (W) must be de-as­
serted during Address transitions for subsequent 
write cycles. Write begins with the concurrence of 
Chip Enable being active with W Low. Therefore, 
address setup time is referenced to Write Enable 
and Chip Enable as tAvwL and tAVEL respectively, 
and is determined by the latter occurring edge. The 
Write cyf!e c~ be terminated by the earlier rising 
edge of E or W. 



WRITE MODE (cont'd) 

!!_the Output is enabled (E Low and G Low), then 
W will return the outputs to high impedance within 
twLaz of its falling edge. Care must be taken to 
avoid bus contention in this type of operation. Data 
input must be valid for tovwH before the rising edge 
of Write Enable, or for tovEH before the rising edge 
of E whichever occurs first, and remain valid for 
twHDX Or tEHDX. 

OPERATIONAL MODE 

The M624256 has a Chip Enable power down 
feature which invokes an automatic standby mode 
whenever Chip Enable is de-asserted (E High). An 
Output Enable (G) signal provides a high speed 
tri-state control, allowing fast read/write cycles to 
be achieved with the common 1/0 data bus. Oper­
ational modes are determined by device control 
inputs W and E as summarized the Operating 
Mode table. 

Table 4. Capacitance (1) (TA = 25 oc, f = 1 MHz) 

. M624256 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times ::; 1.5ns 

Input Pulse Voltages 0 to 3V 

Input and Output Timing Ref. Voltages 1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Load Circuit 

DEVICE 

UNDER 
TEST 

5V 

4700 

.__ __ __. 2400 
CL =30pF or 5pF 

CL includes JIG copaci\ance 

VA00829 

Symbol Parameter Test Condition Min Max Unit 

CIN (2) Input Capacitance 

GouT (3) Output Capacitance 

Notes: 1. Sampled, not 100% tested 
2. Except DQ0-003 
3 Outputs deselected 

V1N = OV 6 pF 

VouT= OV 8 pF 

3/8 
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M624256 

Table 5. DC Characteristics (T A= 0 to 70 oc, Vee = SV ± 1 0%) 

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current OV !> V1N !>Vee ±1 

ILO Output Leakage Current OV !> Vour !>Vee ±5 

Vee= 5.5V, (-15 & -17) 160 
Icc (1l Supply Current 

Vee= 5.5V, (-20} 140 

Vee= 5.5V, (-25} 130 

lcc1 (2) Supply Current (Standby} 
Vee= 5.5V, E = V1H. I= 0 25 

TTL 
-

lcc1 (3) Supply Current (Standby} Vee= 5.5V, E 2 Vee- 0.2V, 4 
CMOS 1=0 

V1L Input Low Voltage -0.3 0.8 

V1H Input High Voltage 2.2 Vee+ 0.3 

VoL Output Low Voltage loL= 8mA 0.4 

VoH Output High Voltage loH =-4mA 2.4 

Notes: 1. Average AC current, Outputs open, cycling at tAvAv mimmum 
2. All other Inputs at V" 5 O.BV or V1H "2.2V 
3. All other Inputs at V" 5 0.2V or V1H ;o, Vee- 0.2V 

Table 6. Read and Standby Modes AC Characteristics (TA = 0 to 70°C, Vee = SV ± 1 0%) 

Symbol Parameter 

tAVAV Read Cycle Time 

tAVQV (1) Address Valid to Output Valid 

tELQV (') Chip Enable Low to Output Valid 

tGLQV (1) Output Enable Low to Output Valid 

tELQX (2) Chip Enable Low to Output Transition 

tGLQX (2) Output Enable Low to Output 
Transition 

tEHOZ (2) Chip Enable High to Output Hi-Z 

tGHOZ (2) Output Enable High to Output Hi-Z 

tAXOX (1) Address Transition to Output Transition 

tpu (3) Chip Enable Low to Power Up 

tpo (3) Chip Enable High to Power Down 

Notes: 1. e, = 30pF 
2 e, = SpF 
3 Measured to 50% pomt between Icc and lcc1. 

-15 

Min Max 

15 

15 

15 

7 

2 

0 

0 8 

0 7 

3 

0 

15 

M624256 

-17 ·20 -25 

Min Max Min Max Min Max 

17 20 25 

17 20 25 

17 20 25 

7 8 10 

2 2 2 

0 0 0 

0 10 0 10 0 10 

0 8 0 9 0 10 

3 3 3 

0 0 0 

17 20 25 

Unit 

J.tA 

J.lA 

rnA 

rnA 

rnA 

rnA 

rnA 

v 
v 
v 
v 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

-'-4/-'-8 ___________ ~ SGS·THOMSON -----------­._..,I il!Q©!WiQJ~~~~@(1lO©i'l 
646 



M624256 

Figure 4. Read Mode AC Waveforms 

tAVQV .! tAXOX 1-
1--- tELQV ---- l:.tEHQZ-. 

J 
1- tELQX _, 

P==-tGHQZ ---. +-- tGLQV---. 

+- tGLQX-. 

DQO-DQ3 VALID 

VA00812 

Figure 5. Standby Mode AC Waveforms 

Icc 

VA00799 
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M624256 

Table 7. Write Mode AC Characteristics (TA = 0 to 70°C, Vee= SV ± 10%) 

M624256 
Symbol Parameter -15 -17 -20 -25 Unit 

Min Max Min Max Min Max Min Max 

tAVAV Write Cycle Time 15 17 20 25 ns 

tAVWL Address Valid to Write Enable Low 0 0 0 0 ns 

tAVWH Address Valid to Write Enable High 12 12 12 15 ns 

tAVEH Address Valid to Chip Enable High 12 12 12 15 ns 

twLWH Write Enable Pulse Width 10 12 12 15 ns 

twHAX Write Enable High to Address 0 0 0 0 ns Transition 

twHDX 
Wnte Enable High to Input 0 0 0 0 ns Transition 

tEHDX Chip Enable High to Input 0 0 0 0 ns Transition 

twHOX(l) Write Enable High to Output 0 0 0 0 ns Transition 

tWLQZ(l) Write Enable Low to Output Hi-Z 0 8 0 8 0 10 0 12 ns 

tAVEL Address Valid to Chip Enable Low 0 0 0 0 ns 

tELEH Chip Enable Low to Chip Enable 10 12 12 15 ns High 

tEHAX Chip Enable High to Address 0 0 0 0 ns Transition 

tovwH Input Valid to Write Enable High 8 10 12 12 ns 

tovEH Input Valid to Chip Enable High 8 10 12 12 ns 

Note: 1. eL = 5pF 

Figure 6. Write Enable Controlled, Write AC Waveforms 

tAVAV 

AO-A17 VALID 

tAVWH 

--- tAVEL -tWHAX 1-

\ I 
tWLWH 

--- tAVWL 1-
w 

--- tWLQZ 1- -- twHox-

DQO-DQ3 

-tWHDX4-

1-----K. DATA INPUT :r 

FmvwH --1 .\...... 
VA00813 
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M624256 

Figure 7. Chip Enable Controlled, Write AC Waveforms 

tAVAV 
---. 

AO-A17 VALID 

\AVEH - \AVEL - - tEHAX ~ 

tA VWL_:::::I tELEH 

w 

~ 
~tEHDX..=:J 

" ./1 
DQO-DQ3 

tDVEH ---to 

VA00814 

Table 8. Low Vee Data Retention Characteristics (TA = 0 to 70°C, Vee = 5V ± 1 0%) 

Symbol Parameter Test Condition Min Max Unit 

lcc2(11 Supply Current (Data Retention) Vee = 3V, E ~Vee- 0.3V, f = 0 1000 !lA 

VoR(1) Supply Voltage (Data Retention) E ~Vee- 0.3V, f = 0 2 4.5 v 
tcoR(1' 21 Chip Disable to Power Down E ~Vee- 0.3V, f = 0 0 ns 

tR (2) Operation Recovery Time tAVAV ns 

Notes: 1. All other Inputs VJH 2: Vcc-0.3V or VJL s 0.3V 
2. See F1gure 8 for measurement points. Guaranteed but not tested 

Figure 8. Low Vee Data Retention AC Waveforms 

DATA RETENTION MODE--

5V -------~ 
II 

Vee 4.5V ,_. 

VDR > 2V ------- \ I 

J!CDR - .-tRI 

E > vee - 0.3V I L E 2.2V \ 

VA00802 
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M624256 

ORDERING INFORMATION 

Example: M624256 -15 E 1 

Speed 

-15 15 ns E Oto70°C 

-17 17 ns 

-20 20 ns 

-25 25 ns 

For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 
For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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~ SGS·lHOMSON .. ., l [K'A]O©OO©rnlbrn©ll'OO@[K!]O©~ M628128 
VERY FAST CMOS 1 Megabit (128K x 8) SRAM 

WITH OUTPUT ENABLE 

• 128K x 8 CMOS FAST SRAM WITH OUTPUT 
ENABLE 

• EQUAL CYCLE AND ACCESS TIMES: 
15, 17,20,25ns 

• LOW Vee DATA RETENTION: 2V 

• TRI-STATE COMMON 1/0 

• JEDEC PLASTIC SOJ, 400 mil PACKAGE 

DESCRIPTION 

The M628128 is a 1 Megabit (1 ,048,576 bit) Fast 
CMOS SRAM, organized as 131 ,072 words by 8 
bits. It is fabricated using SGS-THOMSON's Ad­
vanced, low power, high performance, CMOS tech­
nology. The device features fully static operation 
requiring no external clocks or timing strobes, with 
equal address access and cycle times. It requires 
a single 5V ± 1 0% supply, and all inputs and outputs 
are TTL compatible. 

Table 1. Signal Names 

AO -A16 Address Inputs 

DQO-DQ7 Data Inputs I Outputs 

E1 Chip Enable 1 

E2 Chip Enable 2 

G Output Enable 
-w Write Enable 

Vee Supply Voltage 

Vss Ground 

May 1992 

PSOJ32 (E) 
400 mils 

Figure 1. Logic Diagram 

Vee 

17 

M628128 

Vss 

B 

DQO-DQ7 

VAOOBOJ 
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M628128 

Table 2. Absolute Maximum Ratings 

Symbol Parameter 

TA Ambient Operating Temperature 

TsTG Storage Temperature 

V1o<11 Input or Output Voltages 

Vee Supply Voltage 

Ia <21 Output Current 

PD Power Dissipation 

Notes: 1. Up to a maximum operating Vee of 5.5V only. 
2. One output at a bme, not to exceed 1 second duration. 

Table 3. Operating Modes 
-

Mode E1 

Read V1L 

Read ViL 

Write V1L 

Deselect V1H 

Deselect X 

Note: X = V1H or V~ 

Figure 2. SOJ Pin Connections 

NC 1 32 
A16 2 31 
A14 3 30 
A12 4 29 
A7 5 28 
A6 6 27 
A5 7 26 
A4 8 25 
A3 9 M62812B 24 
A2 10 23 
A1 11 22 
AO 12 21 

DOO 13 20 
001 14 19 
002 15 18 
Vss 16 17 

VA00804 

Warning: NC = No Connection. 

E2 

V1H 

V1H 

V1H 

X 

V1L 

Vee 
A15 
E2 
w 
A13 
AS 
A9 
A11 
G 
A10 
IT 
007 
006 
005 
004 
OQ3 

Value Unit 

Oto 70 oc 
-65 to 150 oc 

-0.5 to Vee+ 0.5 v 
-Q.5to7 v 

20 mA 

1 w 

- G w DQO-DQ7 Power 

V1H VIH Hi-Z Active 

VIH VIL Data Output Active 

V1L X Data Input Active 

X 

X 

X Hi-Z Standby 

X Hi-Z Standby 

READ MODE 

, The M628128 is in the Read mode whenever Write 
Enable (W) is High with_Qutput Enable (G) Low, 
and both Chip Enables (E1 and E2) are asserted. 
This provides access to data from eight of the 
1,048,576 locations in the static memory array, 
specified by the 17 address inputs. Valid data will 
be available at the eight output pins ~ithin IAvav 
after the last stable address, providing G is Low, E1 
is Low and E2 is High. If Chip Enable or Output 
Enable access times are not met, data access will 
be measured from the limiting parameter (te1Lav, 
te2Hav, or tGLav) rather than the address. Data out 
may be indeterminate at te1Lax. te2Hax and tGLax, 
but data lines will always be valid at tAvav. 

WRITE MODE 

The M628128 is in the Write mode whenever the 
W and Ef pins are Low, with E2 High. Either the 
Chip E~ble inputs (E1 and E2) or the Write Enable 
input (W) must be de-asserted during Address 
transitions for subsequent write cycles. Write be­
gins with the concurrence of both Chip Enables 
being active with W low. Therefore, address setup 
time is referenced to Write Enable and both Chip 
Enables as tAVWL, tAVE1L and tAVE2H respectively, 
and is determined by the latter occurring edge. 

2/9 
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WRITE MODE (cont'd) 

The Write cycjg_c~ be terminated by the earlier 
rising edge of E1, W, or the falling edge of E2. 

If the Output is enabled (E1 Low, E2 High and G 
Low), then W will return the outputs to high imped­
ance within twLoz of its falling edge. Care must be 
taken to avoid bus contention in this type of oper­
ation. Data input must be valid for tovwH before the 
rising edge of Write Enable, or for tovE1 H before the 
rising edge of E1 or for tovE2L before the falling 
edge of E2, whichever occurs first, and remain valid 
for twHDX, tE1HDX or tE2LDX. 

OPERATIONAL MODE 

The M628128 has a Chip Enable power down 
feature which invokes an automatic standby mode 
whenever either Chip Enable is de-ass~rted (E1 
High or E2 Low). An Output Enable (G) signal 
provides a high speed tri-state control, allowing fast 
read/write cycles to be achieved with the common 
1/0 data bus. Operational modes are determined 
by device control inputs W, E1, and E2 as summa­
rized the Operating Mode table. 

Table 4. Capacitance (1l (TA = 25 oc, f = 1 MHz ) 

M628128 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times ~ 1.5ns 

Input Pulse Voltages 0 to 3V 

Input and Output Timing Ref. Voltages 1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Load Circuit 

DEVICE 

UNDER 
TEST 

5V 

...._ __ __, 2400 Cl =30pF or 5pF 

CL includes JIG capacitance 

VA00829 

Symbol Parameter Test Condition Min Max Unit 

GIN Input Capacitance 

Cour 12l Output Capacitance 

Notes: 1. Sampled, not 1 00% tested 
2. Outputs deselected 

V1N = OV 6 pF 

Vour= OV 8 pF 

------------ ~ SGS·lHOMSON --------------'3=/9 Ill....., I [iiij~©OO©Ii!~li!©"DW©Uil~©('l 



M628128 

Table 5. DC Characteristics (TA = 0 to 70 oc, Vee= 5V ± 1 0%) 

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current OV !> V1N !>Vee ±1 

ILO Output Leakage Current OV!>VouT!>Vcc ±5 

Vee= 5.5V, (·15 & -17) 160 

Icc '11 Supply Current Vee= 5.5V, (·20) 140 

Vee= 5.5V, (·25) 130 

lcc1 '21 Supply Current (Standby) TIL Vee= 5.5V, E1 = V1H or 25 E2 = V1L, f = 0 

lcc1 '31 Supply Current (Standby) Vee= 5.5V, E1 ~Vee- 0.3V 4 CMOS or E2 ::;; 0.3V, f = 0 

V1L Input Low Voltage -0.3 0.8 

VIH Input High Voltage 2.2 Vee+ 0.3 

VoL Output Low Voltage loL= 8mA 0.4 

VoH Output High Voltage loH=-4mA 2.4 

Notes: 1. Average Ae current, Outputs open, cycling at tAvAv mimmum 
2. All other Inputs at V" s O.BV or v," ;;, 2.2V 
3. All other Inputs at VIL s 0.3V or v,H "Vee- 0.3V 

Table 6. Read and Standby Mode AC Characteristics (TA = 0 to 70°C, Vee= 5V ± 10%) 

Symbol Parameter 

tAVAV Read Cycle lime 

tAVOV (1) Address Valid to Output Valid 

tE1Lav'11 Chip Enable 1 Low to Output Valid 

tE2HQV 111 Chip Enable 2 High to Output Valid 

tGLQV (1) Output Enable Low to Output Valid 

tE1LOX 121 Chip Enable 1 Low to Output 
Transition 

tE2HOX 
Chip Enable 2 High to Output 
Transition 

tGLOX 121 Output Enable Low to Output 
Transition 

tE1Haz'21 Chip Enable 1 High to Output Hi-Z 

tE2LOZ 121 Chip Enable 2 Low to Output Hi-Z 

tGHOZ(2) Output Enable High to Output Hi·Z 

tAXOX (1) Address Transition to Output 
Transition 

tpu 131 Chip Enable 1 Low or Chip Enable 2 
High to Power Up 

tpo (31 Chip Enable 1 High or Chip Enable 2 
Low to Power Down 

Notes: 1. eL = 30pF 
2. el= SpF 
3 Measured to 50% point between Icc and lcc1. 

-15 

Min 

15 

2 

2 

0 

0 

0 

0 

3 

0 

M628128 

-17 -20 -25 

Max Min Max Min Max Min 

17 20 25 

15 17 20 

15 17 20 

15 17 20 

7 7 8 

2 2 2 

2 2 2 

0 0 0 

8 0 10 0 10 0 

8 0 10 0 10 0 

7 0 8 0 9 0 

3 3 3 

0 0 0 

15 17 20 

Unit 

JlA 
JlA 
mA 

mA 

mA 

mA 

mA 

v 

v 
v 
v 

Unit 

Max 

ns 

25 ns 

25 ns 

25 ns 

10 ns 

ns 

ns 

ns 

10 ns 

10 ns 

10 ns 

ns 

ns 

25 ns 
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M628128 

Figure 4. Read Mode AC Waveforms 

AD-A16 ~ 
tAVAV ------~~. 

VALID J----
\AVOV tAXQX 1-

E1 

I--- tE1 LQV - 1 tE1HQZ 1-

1- tE1 LOX __, 

--..j \E2LOZ f---- tE2HQV - 1-
E2 l 

1- tE2HQX ----to 

+-- tGLQV ----to ~ tGHQZ ----to 

._tGLQX-. 

DQ0-007 VALID 

VAOOB05 

Figure 5. Standby Mode AC Waveforms 

E1 

JlPUf, 
E2 

1cc 

1cc1 

- u -u u-------- ~O% 

VA00806 
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M628128 

Table 7. Write Mode AC Characteristics (TA = 0 to 70°C, Vee = 5V ± 1 O%) 

M628128 
Symbol Parameter -15 -17 -20 -25 Unit 

Min Max Min Max Min Max Min Max 

tAVAV Write Cycle Time 15 17 20 25 ns 

tAVWL Address Valid to Write Enable Low 0 0 0 0 ns 

tAVWH Address Valid to Write Enable High 12 12 12 15 ns 

tAVE1H Address Valid to Chip Enable 1 High 12 12 12 15 ns 

tAVE2L Address Valid to Chip Enable 2 Low 12 12 12 15 ns 

twLWH Write Enable Pulse Width 10 12 12 15 ns 

!wHAX Write Enable High to Address Transition 0 0 0 0 ns 

twHDX Wnte Enable High to Input Transition 0 0 0 0 ns 

tWHax(1) Write Enable High to Output Transition 0 0 0 0 ns 

twLOz(1) Write Enable Low to Output Hi-Z 0 8 0 8 0 10 0 12 ns 

tAVE1L Address Valid to Chip Enable 1 Low 0 0 0 0 ns 

tAVE2H Address Valid to Chip Enable 2 High 0 0 0 0 ns 

tE1LE1H Chip Enable 1 Low to Chip Enable 1 High 10 12 12 15 ns 

tE2HE2L Chip Enable 2 High to Chip Enable 2 Low 10 12 12 15 ns 

tE1HAX Chip Enable 1 High to Address Transition 0 0 0 0 ns 

tE2LAX Chip Enable 2 Low to Address Transition 0 0 0 0 ns 

tovwH Input Valid to Write Enable High 8 10 12 12 ns 

tovE1H Input Valid to Chip Enable 1 High 8 10 12 12 ns 

toVE2L Input Valid to Chip Enable 2 Low 8 10 12 12 ns 

Note: 1. e, = SpF 

6/9 
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M628128 

Figure 6. Write Enable Controlled, Write AC Waveforms 

AO-A16 

~------------t_A_v_A_v ____________ __,,~--------
VALID )K 

E1 

E2 

w 

DQO-DQ7 

VAOOB07 

Figure 7. Chip Enable Controlled, Write AC Waveforms 

tAVAV 

AO-A16 ~ VALID 
~ 

tAVE1H - tAVE1L 1- -tE1HAX 1-

tE1LE1H 
I 
I 
I 

tAVE2L - tAVE2H - -tE2LAX 1-
E2 

tE2HE2L 
tA VWL_ 
~ 

\ 

DQO-DQ7 

f--:E1HDX=:l 
tE2LDX ,.., 

\......__ J 

.----- tDVE1H~ 
tDVE2L 

VAOOB08 
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M628128 

Table 6. Low Vee Data Retention Characteristics (TA = 0 to 70°C, Vee = SV ± 1 0%) 

Symbol Parameter Test Condition Min Max Unit 

lcc2(t) Supply Current (Data Retention) Vee= 3V, E1 ~Vee- 0.3V, E2 :s; 1000 llA 0.3V, 1=0 

VoR (1) Supply Voltage (Data Retention) E1 ~Vee- 0.3V, E2 :s; 0.3V, f = 0 2 4.5 v 
teoR!1•2> Chip Disable to Power Down E1 ~Vee- 0.3V, E2 :5 0.3V, f = 0 0 ns 

tR (2) Operation Recovery Time tAVAV ns 

Notes: 1. All other Inputs v," <: Vcc-0.3V or Vu; 0 3V 
2. See Figure 8 for measurement points. Guaranteed but not tested 

Figure 6. Low Vee Data Retention AC Waveforms 

DATA RETENTION MODE 

5V -------

Vee 

VDR > 2V 

ET > Vee - o.3V 

E2 < D.3V 
E2 0.8V 

VAOOB09 
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M628128 

ORDERING INFORMATION 

Example: M628128 -15 E 1 

Speed 
~ 
I Temperature Range I 

-15 15 ns E 1 Oto70°C 

-17 17ns 

-20 20 ns 

-25 25 ns 

For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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MK41S80 

VERY FAST CMOS 4K x 4 CACHE TAGRAM 

• 4K x 4 FAST HCMOS CACHE TAG RAM 

• ADDRESS TO COMPARE ACCESS TIMES: 
10, 12, 15,20,25ns 

• FLASH CLEAR FUNCTION 

• 22-PIN 300 MIL PLASTIC DIP 
24-PIN 300 MIL SOJ 

• APPLICATIONS: HIGH SPEED 32-BIT 
CACHE SUB-SYSTEMS 

DESCRIPTION 

The MK41Sao is a 16,3a4-bit CMOS Static 
TAGRAM™, organized as 4K x 4 using SGS­
THOMSON Microelectronics' advanced fast 
HCMOS process technology. This device is func­
tionally compatible with the industry standard 
MK41 Hao 4K x 4 TAG RAM. All inputs and outputs 
are TTL compatible using a single 5V supply. 

The MK41 SaO provides full static operation, re­
quiring no external clocks or refresh operations, 
and features a MATCH output for indicating either 
a cache hit or miss condition. The on-board 4-bit 
comparator compares RAM contents with current 
input (tag) data. The result is an active high level 
on the MATCH pin for a hit, or an active low on the 
MATCH pin indicating a miss. The MK41 SaO offers 
a totem-pole MATCH output design. 

The MK41 sao incorporates a Flash Clear Cycle 
which begins as CLR is brought active low. A Flash 
Clear sets all 16,3a4 bits in the RAM to logic zero. 

Pin Names 

AO-A11 Address Inputs 

DQO-DQ3 Data Inputs I Outputs 

MATCH Comparator Output 

OE Output Enable 

WE Write Enable 

CLR RAM Flash Clear 

Vee, GND +5 Volts, Ground 

NC Not Connected 

February 1992 

PSDIP22 (N) 

Figure 1. Pin Connections 

A4 
AS 
A6 
A7 
AB 
A9 

A10 
A11 
OE 
WE 

GND 

1 

I 

'--' 1 

2 

3 

4 

5 

6 MK41S80 
7 

a 
9 

10 

11 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

PSOJ24 (X) 
300 mils 

Vee 
A3 
A2 

A1 
AO 
CLR 
DQ3 
DQ2 
DQ1 
DQO 
MATCH 

VA00616 

A4 
AS 
A6 

A7 
AB 
A9 

NC 

A10 
A11 
OE 
WE 

GND 
~ 
[ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

24 

23 

22 ~ 
21 ~ 
20 ~ 
19 ~ 

MK41S80 
18 ~ 
17 ~ 
16 

15 p 
14 ~ 
13 ~ 

VA00617 

Vee 
A3 

AZ 
A1 
AO 
NC 

CLR 
DQ3 
DQ2 
DQ1 
DQO 
MATCH 
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MK41S80 

Figure 2. MK41580 Block Diagram 

ROW 

Ax 7 ADDRESS 
BUFFER 

CLR 

WRITE 
WE ENABLE 

BUFFER 
BUFFER 

DO 4 

OUTPUT 
OE ENABLE 

BUFFER 

TAGRAM FUNCTION 

The MK41SBO is an SRAM based Cache Tag direc­
tory (hence the name TAG RAM). Figure 7 shows a 
general block diagram using a cache tag directory 
(TAGRAM) in a cache subsystem application. The 
system must detect whether the requested data 
resides in the cache data RAM, or if extended read 
cycles to main memory are necessary. 

The MK41 SBO features four modes of operption: 
Write, Read, Compare, and Clear. The MK41SBO 
incorporates an on-board 4 bit comparator that 
compares internal RAM contents with current (tag) 
input data. If the device is in the compare mode, 
and the comparator detects a "match", then the 
MATCH pin will go high for a hit condition. If a 
match is not detected by the comparator, then the 
MATCH pin drives low to denote a "miss" condition. 
Stand~ write/read operations are performed with 
Write (WE) and Output (OE) Enable inputs. Addi­
tionally, the device provides a Flash Clear oper­
ation via the CLR pin (Figure 6). When a low level 
(ViL) is applied to the CLR input pin for the speci­
fied tcLP time, all RAM bits are set to a logic zero. 

Compare data (internal RAM) can be read from the 
data pins by bringing Output Enable (OE) low. This 
will allow data stored in the memory array to be 
displayed at the Outputs (DQO - DQ3). 

2/9 
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MATCH 

r---
4-BIT 

COMPARATOR 

COLUMN 
DECODE 

4 

VR001051 

MK41580 TRUTH TABLE 

WE OE CLR Match Mode 

H H H Valid Compare 

L X H Invalid Write 

H L H Invalid Read 

X X L Invalid RAM Clear 



MK41S80 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

v, Voltage on any Pin Relative to Ground -0.5to6 v 

TA Ambient Operating Temperature Oto 70 oc 

Tsm Storage Temperature -65to 150 oc 

Po Power Dissipation 1 w 

lo121 Output Current 50 rnA 

Notes: 

1. This is a stress rating only and funct•onal operatiOn of the device at these or any other cond1llons above those 1nd1cated in the operat1on 
sections of this speCification is not implied. Exposure to absolute max1mum rabng conditions for extended periods of t1me may affect 
reliare-liability 

2. Output current absolute max1mum rating is specified for one output at a t1me, not to exceed a durat1on of 1 second. 

AC TEST CONDITIONS 

Parameter Value Unit 

Input Levels11> Oto3 v 

Transition Time 1.5 ns 

Input and Output Signal Timing Reference Level 1.5 v 

Ambient Temperature Oto 70 oc 

Supply Voltage 5±5% v 

Note: 1. AC 1nput levels for the CLR p1n are GND to 3.5 V. 

Figure 3. Equivalent Output Load Circuits 

+50 v +50 v 

D.U.T 

IA.I IB.I 

* INCLUDES SCOPE AND TEST JIG '*" INCLUDES SCOPE AND TEST JIG 

3/9 

665 



MK41S80 

COMPARE, WRITE, AND READ TIMING 

The MK41 Sao TAG RAM begins a Compare Cycle 
with the application of a valid addressjgle Fi~ 
4). A valid compare is enabled when OE and WE 
go high in conjunction with their respective set-up 
and hold times. MATCH will occur IACA after a valid 
address, and toeA after valid Data In (Tag). If the 
address and tag data are presented simulta­
neously, the compare-to-match access is IAcA. 
MATCH will go invalid tAcH after an address 
change, or tocH after the tag data changes. 

A Write Cycle starts with stable addresses (Figures 
4 and 5), with the Wt!!!Put active low. OE may be 
in either logic state. WE may fall with stable ad­
dresses, and must remain low until lAw with a 
duration of lwEw. Data in must be valid los before 
and toH after WE goes high. DO will go high-Z at 
twEZ from WE going active low. MATCH will be 
invalid during this cycle. 

The device b~s a Read Cycle with stable ad­
dresses and WE high (Figure 5). DO becomes 
valid IAA after a valid address, and toEA after the 
fall of OE. The DO outputs become invalid toH after 
addresses become invalid, and become high-Z at 
toEZ when OE goes high. Ripple thro(,!g_h data 
access may be accomplished by holding OE active 
low while strobing address AO-A11, and holding 

Figure 4. Compare and Write Cycle 

Ao -
A, 

OE 

WE 

DQ 0 -

DO 3 

COMPARE CYCLE 

tC 

ADDRESS VALID 

tees_ 

tRCS 

TAG DATA VALID· 

CLR and WE high. The MATCH output will be 
invalid during this cycle. 

FLASH CLEAR CYCLE 

The MK41 sao incorporates a Flash Clear Cycle 
which begins as CLR is brought active low. A Flash 
Clear sets all 16,3a4 bits in the RAM to logic zero. 
Control inputs will not be recognized from tcx after 
CLR _Q_Q_es low, until tcR after CLR is brought high. 
The OE and WE inputs are Don't Care, and DO is 
High-Z. MATCH will be invalid during a Flash Clear 
Cycle. 

APPLICATION 
The MK41 sao operates from a single 5.0 volt 
supply. It is compatible with all standard TTL 
families on all inputs and outputs. The device 
should share a solid ground plane with any other 
devices interfaced with it, particularly TTL devices. 
Also, because the outputs can drive rail-to-rail into 
high impedance loads, the device can interface to 
5 volt CMOS on its inputs and outputs. 

The MK41 SaO compares contents of addressed 
RAM locations to the current tag data inputs. A 
logic one "1" output on the MATCH pin indicates 
that the input data and the RAM contents match. 
Conversely, a logic zero "0" on the MATCH pin 

WRITE CYCLE 

IC 

ADDRESS VALID 
I~ 

1'----

r--- ICCH 

MATCH 

I ~DCA ~ tACH~ f.----._ IACA IDCH 
~--------------------

-----------------------' VALID IN COMPARE ~-------------------

• A VOID METASTABLE INPUTS 
VR001054 
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Figure 5. Write and Read Cycle 

Ao -
A, 

OE LU 

WRITE CYCLE 

tc 

ADDRESS VALID 

tRCS 

READ CYCLE 

tc 

ADDRESS VALID 

I--- - tOEA ------..j 
WE 

DQ 0 -

DO 3 • 

MATCH 

itWEW-

.ttos-
)(_DATA IN VALID;( 

.I 
IDH I I 

• AVOID METASTABLE INPUTS 

Figure 6. Read-Flash Clear-Write Cycle 

-~ tWEL 

tAA ,I. 

l\ 

INVALID 

READ CYCLE CLEAR CYCLE 

"c"b I 

ill 
-- tW 

1-IOH-

VALID OUT 
1,__ 

WRITE CYCLE 

tC ~-------tC ______ ~------tFCC-------r------

ADDRESS VALID VALID ADDRESS VALID 

rtcx 

OE 

CLR 

tCX 

WE 

MK41S80 

EZ 

VR001055 

D0 0 -

DQ o • 
__________ l_t_O_EA_:kOAT:O::,l---------------------------'-Jl ·::T~ 

MATCH 

• A VOID METASTABLE INPUTS 

INVALID 

I5ii SGS-ntOMSON 
~I. ~D©Iiil@~~~©~liii@I:JD©@ 

VR001056 
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MK41S80 

indicates at least one bit of difference between the 
RAM contents and input data. 

Metastable inputs can result in excessive MATCH 
output activity. Therefore, the use of pull-up or 
pull-down resistors is recommended on the data 
bus. Additionally, a pull-up resistor is suggested for 
the CLR input to enhance system operation. This 
will ensure that any low going system noise 
coupled onto the input does not drive CLR below 
V1H minimum specifications. 

Because high frequency current transients will be 
associated with the operation of the MK41 sao, 
power line inductance must be minimized on the 
circuit board power distribution network. Power and 
ground trace gridding, or separate power planes 
can be employed to reduce line inductance. Addi­
tionally, any low impedance transmission lines are 
subject to signal reflections manifested as noise, 
undershoots and excessive ringing. Series termina­
tion is suggested in close proximity to the drivers 
to improve driver/signal path impedance matching. 

Figure 7. General Cache Subsystem Block Diagram 

Ai'v-

PROCESSOR 

WAIT 

CONTROL 

D 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATION 
(0°C:;; TA:;; +70°C; Vee= 5V ± 5%) 

Symbol Parameter 
-10 -12 -15 -20 

Min. Max. Min. Max. Min. Max. Min. Max. 

tc Cycle Time 15 15 20 20 

lees Compare Command Set-Up Time 4 5 6 7 

tecH Compare Command Hold Time 0 0 0 0 

IRes Read Command (WE) Set-Up Time 0 0 0 0 

IRCH Read Command (WE) Hold Time 0 0 0 0 

lAS Address Set-Up Time 0 0 0 0 

lAw Address to End of Write (WE) 10 10 12 16 

IAH Address Hold after End of Write 1 1 1 1 

lwEW Write Command (WE) Pulse Width 10 11 12 16 

los Data Set-Up Time 10 12 12 12 

loH Data Hold Time 0 0 0 0 

toeA Data (Tag) Compare Access Time 7 8 10 12 

lAC A 
Address Compare (Match) Access 10 12 15 20 Time 

IACH Address Compare Hold Time 2 2 2 2 

locH Data Compare Hold Time 0 0 0 0 

IOEA Output Enable (OE) Access Time 8 8 10 10 

loH Output (Q) Hold Time 2 2 2 2 

IAA 
Address to Valid Data Out Access 12 15 20 20 Time 

IOEZ Output Enable (OE) High to Q High-Z 7 7 7 7 

IOEL Output Enable (OE) Low to Q Active 0 0 0 0 

twEZ Write Enable (WE) High to Q High-Z 7 7 7 7 

IWEL Write Enable (WE) High to Q Active 1 1 1 1 

IFCC Flash Clear Cycle Time 50 50 50 50 

lex Clear (CLR) to Inputs Don't Care 0 0 0 0 

lcR End of Clear to Inputs Recognized 0 0 0 0 

!cLP Flash Clear Pulse Width 35 35 35 35 

MK41S80 

-25 
Unit Note 

Min. Max. 

25 ns 

8 ns 

0 ns 

0 ns 

0 ns 

0 ns 

20 ns 

1 ns 

20 ns 

13 ns 

0 ns 

15 ns 3 

25 ns 3 

2 ns 3 

0 ns 3 

12 ns 3 

2 ns 3 

25 ns 3 

7 ns 4 

0 ns 4 

7 ns 4 

1 ns 4 

50 ns 

0 ns 

0 ns 

35 ns 
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RECOMMENDED DC OPERATING CONDITIONS 
(0°C ~ T A~ +70°C) 

Symbol Parameter 

Vee Supply Voltage 

GND Ground 

V1H Logic 1 All Inputs 

V1L Logic 0 All inputs 

DC ELECTRICAL CHARACTERISTICS 
(0°C ~ TA ~ +70°C; Vee= SV ± 5%) 

Symbol Parameter 

Min. 

4.75 

0 

2.2 

0.3 

Typ. Max. Unit Note 

5 5.25 v 1 

0 0 v 1 

3 Vcc+0.3 v 1 

0.2 0.8 v 1 

Min. Max. Unit Note 

lcc1 Average Vee Power Supply Current (Both Ports) 120 rnA 5 

lu Input Leakage Current (Any input) 

iLO Output Leakage Current 

VoH Output Logic 1 Voltage (loH = ·4.0mA) 

VoL Output Logic 0 Voltage (ioL = 8mA) 

CAPACITANCE 
(TA = 25°C, f = 1.0 MHz) 

Symbol Parameter 

c, Input Capacitance on all pins (except DQ) 

Co Output Capacitance 

Notes: 

1. All voltages referenced to GND. 

2. Measured with GND,; V,; Vee. Outputs are deselected with the 
exception to MATCH which is always enabled. 

3 Measured with load as shown in Figure 3A. 
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-1 1 !!A 2 

-10 10 !!A 2 

2.4 v 1 

0.4 v 1 

Typ. Max. Unit Notes 

4 6 pF 7 

8 10 pF 6, 7 

4. Measured w1th load as shown in Figure 38. 

5. lec1 measured with outputs open, Vee,.,, I= m1n cycle. 

6. Output buffer IS deselected 

7. Capac1tances are sampled and not 100% tested. 



MK41S80 

ORDERING INFORMATION 

Example: MK41S80 X 10 /20 

Package Speed Option 

N PSDIP22 10 10ns /20 Tape & Reel 

X PSOJ24 12 12ns 
300 mils 

15 15ns 

20 20ns 

25 25ns 

For a list of available options of Package and Speed, refer to the Selector Guide in this Data Book or to 
the current Memory Shortform Catalogue. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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MK48S74 

VERY FAST CMOS 8K x 8 CACHE TAGRAM 

• 8K x 8 CMOS SRAM WITH ON BOARD 
COMPARATOR 

• ADDRESS TO COMPARE ACCESS TIME: 
20,25,35ns 

• FAST CHIP SELECT COMPARE ACCESS 1 Ons 

• MATCH OUTPUT WITH FAST TAG DATA TO 
COMPARE ACCESS OF 12ns Max 

• STATIC OPERATION- NO CLOCKS OR TIMING 
STROBES REQUIRED 

• ALL INPUTS AND OUTPUTS ARE FULLY TTL 
COMPATIBLE 

• FULL CMOS FOR LOW POWER OPERATION 

• OPEN DRAIN MATCH OUTPUT 

• 28 PIN 300 MIL DIP & 28 PIN 300 MIL SOJ 

TRUTH TABLE 

w s G RS Mode DQ Match 

X X X L Reset Clear High-Z Invalid 

X H X H Deselect High-Z Invalid 

H L H H Miss DIN Low 

H L H H Match DIN High-Z 

H L L H Read OouT Invalid 

L L X H Write DIN Invalid 

Note: MATCH is H1gh-Z dunng an invalid state 

PIN NAMES 

AD- A12 Address Inputs 

DQO-DQ? Data Inputs I Outputs 

MATCH Comparator Output 

s Chip Select 

G Output Enable 

w Write Enable 

RS Rest Flash Clear 

Vee, GND 5 Volts, Ground 

February 1992 

PSDIP28 (N) PSOJ28 (X) 
300 mils 

Figure 1. Pin Connection 

- '-" J Vee RS 1 28 

A12 2 27 ll w 
A7 3 26 p MATCH 

A6 4 25 p AS 
AS 5 24 p A9 
A4[ 6 23 p A11 
A3 [ 7 22 p G 
A2 [ 

MK48S74 p A10 8 21 

A 1 [ 9 20 p s 
AO [ 10 19 p 007 

DQO [ 11 18 p DQ6 
001 [ 12 17 p DOS 
002 [ 13 16 p 004 
GND [ 14 15 p 003 

VA00625 
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DESCRIPTION 
The MK48S74 is a 65, 536 fast static cache 
TAGRAM™organized as 8K x 8 bits. It is fabricated 
using SGS-THOMSON's low power, high perform­
ance HCMOS4 technology. The MK48S74 features 
fully static operation requiring no external clocks or 
timing strobes, and equal access and cycle times. 
The device requires a single 5V ± 5 % supply and 
is fully TTL compatible. The MK48S74 has a fast 
Chip Select control for high speed oper-ation to 1he 
Match Compare vafd, and device se-lecVdeselect oper­
ations. Additionally, the MK48S74 provides a Reset 
Clear, and MATCH compare pin. The Reset Clear 
input provides an asynchronous RAM clear control 
which clears all internal RAM bits to zero in only two 
cycles. The MATCH output features an open drain 
for wired-OR operations. During a MATCH compare 
cycle, an on-board 8-bit comparator compares the 
Data Inputs (8-bit TAG ) at the specified address 
index (AO-A 12) to the internal RAM data. If a miss 
condition exists, where at least one bit of TAG data 
does not match the internal RAM, then the MATCH 
output issues a LOW miss signal. 

OPERATIONS 

READ MODE 
The MK48S74 is in the read mode whenever Write 
Enable (W) is HIGH with Output Enable (G) LOW 
and Chip Select (S) is active. This provides access 
to data from eight of 65, 536 locations in the static 
memory array. The unique address specified by the 
13 address inputs defines which one of the 8192-
8-bit bytes is to be accessed. Valid data will be 
available at the eight Output pins within tAvov after 
the last stable address, providing Gis LOW and S 
is LOW. If Chip Enable or Output Enable access 
times are not met, data access will be measured 
from the limiting parameter (tsLov or tGLOV rather 
than the addresses. The state of the DQ pins is 
controlled by the 8, G and W control signals. Data 
out may be inderterminate at tsLox and tGLOX but 
data lines will always be valid at tAvav. 

READ CYCLE TIMING - Electrical Characteristics and Recommended AC Operating Conditions 
(0°C:::; TA:::; +70°C; Vee= 5V ± 5%) 

Symbol -20 -25 -35 
Parameter Unit Notes 

STD ALT Min. Max. Min. Max. Min. Max. 

IAVAV IRe Read Cycle Time 20 25 35 ns 

IAVQV IAA Address Access 1ime 20 25 35 ns 1 

ISLQV lcsA Chip Select Access Time 15 15 20 ns 

IGLQV IOEA Output Enable Access T1me 15 15 20 ns 1 

ISLQX lcsL Chip Select to Output Low-Z 0 0 0 ns 

IGLQX toEL Output Enable to Low-Z 0 0 0 ns 

ISHQZ tcsz Chip Select to High-Z 9 9 9 ns 

IGHQZ toEZ Output Enable to High-Z 8 8 8 ns 2 

IAXQX loH Output Hold From Address Change 3 3 3 ns 1 
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MK48S74 

Figure 2. Read Timing No. 1 (Address Access) 

tAVAV 

ADDRESS 

1-- tAVQV 

tAXQX 

DQ PREVIOUS DATA «XXXXX'A DATA VALID 

VR001023 

Note: Chip Select and Output Enable one presumed valid, W ~ v," 

Figure 3. Read Timing No. 2 (W = ViH) 

ADDRESS----~.L tAVAV l-----
~-tA_V_Q_V------~ 

s 

DQ DATA VALID 

VR001024 
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WRITE MODE 
The MK48S74 is the Write mode whenever theW 
and S pins are LOW. Chip Select or W must be 
inactive during address transitions. The Write 
begins with the concurrence of Chip Select being 
active with W LOW. Therefore address setup times 
are referenced to Write Enable and Chip Select as 
tAVWL and tAvsL and is determined to the latter 
occurring edge. The Write cycle can be terminated 

by the earlier rising edge of S or W. If the outputs 
are enabled (S =LOW, G =LOW), then Wwill return 
the outputs to high impedance within twLoz of its 
falling edge. Care must be taken to avoid bus 
contention in this type of operation. Data-in must 
be valid fortovwH to the rising edge of Write Enable, 
or to the rising edge of S, whichever occurs first, 
and remain valid twHox after the rising edge of s or 
w. 

WRITE CYCLE TIMING - Electrical Characteristics and Recommended AC Operating Conditions 
(0°C ~ TA ~ +70°C; Vee= 5V ± 5%) 

Symbol -20 -25 -35 
Parameter Unit Notes 

STD ALT Min. Max. Min. Max. Min. Max. 

IAVAV !we Write Cycle Time 20 25 35 ns 

IAVWL lAs Address Set-up to Write Enable Low 0 0 0 ns 

IAVSL lAs Address Set-up to Chip Select 0 0 0 ns 

IAvwH lAw Address Valid to End of Write 15 20 25 ns 

IWLWH lwEW Write Pulse Width 15 20 25 ns 

IWHAX IAH 
Address Hold Time After End of 0 0 0 
Write 

ns 

lsLSH tcsw Chip Select to End of Write 15 20 25 ns 

tsHAX twR Write Recovery Time To Chip Select 0 0 0 ns 

tovwH tow Data Valid to End of Write 10 13 15 ns 

IWHDX loH Data Hold Time 0 0 0 ns 

IWHQX IWEL Write High to Output Low-Z (Active) 0 0 0 ns 2 

IWLQZ lwEz Write Enable to Output High-Z 5 5 5 ns 2 
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Figure 4. Writing Timing No.1 (Write Control) 

ADDRESS 

s 

w 

1----- tAVAV 

_____ _JIL_ __________________ _J 

1---- tAVWH ----1 

tSHAX 

---1-- !WHAX 

MK48S74 

+----!- tGLQX 

G 

DO 

Figure 5. Writing Timing No. 2 (Chip Select Control) 

Note: G = V1H 

!------ IAVAV ------IJ 
ADDRESS ____ /IL------------~~-----

w 

DO 

r---- IAVWH • tSHAX --1 
----f--J--- tSLSH ~~------­

\1'------------"1 
u-tAVSL 

~tWLWH-y 

I I t: tDVWH _I_ tWHDX I 
~ DATA IN VALID c= ________ _J 

VHOJIJ25 

VF.C01026 
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COMPARE MODE 
THe MK48S74 is in the Compare mode whevenver 
W and G are HIGH provided Chip Select (S) is 
active LOW. The 13 index address inputs (AO-A 12) 
define a unique location in the static RAM array. 
The data presented on the Data Inputs (D0o-D07) 
as Tag Data is compared to the internal RAM data 
as specified by the index. If all bits are equal, then 
a hit condition occurs (MATCH = High-Z). When at 
least one bit is not equal, the MATCH will go LOW 
signifying a miss condition. The MATCH output will 
be valid tAvMv from stable address, or lTvMv from 
valid Tag Data when Sis LOW. Should the address 
be stable with valid Tag Data, and the device is 
deselected (S = HIGH), then MATCH will be valid 
tsLMV from the falling edge of Chip Select (S). When 
executing a write-to-compare cycle (W = LOW, 

G =LOW or HIGH), MATCH will be valid twHMV or 
tGHMV from the latter rising edge of W or G respec­
tively. 

RESET MODE 

The MK48S74 allows an asynchronous reset clear 
whevever RS is LOW regardless of the logic state 
on the other input pins. Reset clears all internal 
RAM bits (65, 536 bits) to a logic zero as long as 
tRsL-RSH is satisfied. The MATCH output will go 
HIGH-Z t RSL-MH from the falling edge of RS and all 
inputs will not be recongnized until tRsH-AV from the 
rising edge of reset (RS). 

COMPARE CYCLE TIMING- Electrical Characteristics and Recommended AC Operating Conditions 
(0°C :o; TA :o; +70°C; Vee= 5V ± 5%) 

Symbol -20 -25 -35 
Parameter Unit Notes 

STD ALT Min. Max. Min. Max. Min. Max. 

IAVMV lAMA Address to MATCH Valid 20 25 35 ns 3 

ISLMV tcsM Chip Select to MATCH Valid 10 15 15 ns 3 

ISHMH tcsMH Chip Deselect to MATCH High-Z 8 12 12 ns 3 

trvMv IDMA Tag Data to MATCH Valid 12 15 15 ns 3 

IGHMV I OEM G High to MATCH Valid 10 15 15 ns 3 

lGLMH IOEMH G Low to MATCH High-Z 10 12 12 ns 3 

lWHMV IWEM W High to MATCH Valid 10 20 20 ns 3 

IWLMH twEMH W Low to MATCH High-Z 10 15 15 ns 3 

IMXAX IMHA MATCH Hold From Address 2 2 2 ns 3 

IMXTX IMHD MATCH Hold From Tag Data 0 0 0 ns 3 
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RESET CYCLE TIMING - Electrical Characteristics and Recommended AC Operating Conditions 
(0°C :5 TA :5 +70°C; Vee= 5V ± 5%) 

Symbol -20 ·25 -35 
Parameter Unit Notes 

STD ALT Min. Max. Min. Max. Min. Max. 

lAse IRe Flash Clear Cycle lime 80 80 100 ns 

IRSL-AX IRSX Reset Clear (RS) to Inputs Don't Care 0 0 0 ns 

IRSH-AV IRSV RS to Inputs Valid 5 5 5 ns 

IRSL-RSH I ASP Reset (RS) Pulse Width 75 75 95 ns 

tRSL-MH tRsM Reset (RS) to MATCH High-Z 15 15 15 ns 

Figure 6. Match Compare Timing 

ADDRESS 

1---- IAVMV ---~ tMXAX 

s 

DQ 

MATCH 

VR001027 
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APPLICATION 
The MK48S74 operates from a SV supply. It is 
compatible with all standard TTL families on all 
inputs and outputs. The device should share a solid 
ground plane with any other devices interfaces with 
it, particularly TTL devices. A pull-up resistor is also 
recommended for the RS input. This will ensure 
that any low going system noise, coupled onto the 
input does not drive RS below V1H minimum speci­
fications. This will enhance proper device oper­
ation, and avoid possible partial flash clear cycles. 
Additionally because the outputs can drive rail-to­
rail into high impedance loads, the MK48S74 can 
also interface to SV CMOS on all inputs and out­
puts. The MK48S74 provides the system designer 
with 64K fast static memory, a MATCH output, and 
a BYTEWIDE on-board comparator- all in one 
chip. The MK48S74 compares contents of ad­
dressed RAM locations to the current data inputs. 
A High-Z output on the MATCH Pin indicates that 
the input data and the RAM data match. Conver­
sely, a logic zero "0" on the MATCH pin indicates 
at least one bit of difference between the RAM 
contents and the input TAG, generating in a miss. 
The MATCH output is constructed with an open 
drain arrangement. The open drain provides easy 
wired-OR implementation when generating a com­
posite MATCH signal. In a cache subsystem, the 

Figure 7. Reset Timing 

COMPARE 

MATCH signal provides the processor or CPU with 
the necessary information concerning wait state 
conditions. The purpose of a cache subsystem is 
to maintain a duplicate copy of portions of the main 
memory. When a valid match occurs, the system 
processor uses data from the fast cache memory, 
and avoids longer cycles to the main memory. 
Therefore, implementing cache subsystems with 
the MK48S74, and providing good hit or match ratio 
designs will enhance overall system performance. 
Because high frequency current transients will be 
associated with the operation of the MK48S74, 
power line inductance must be minimized on the 
circuit board power distribution network. Power and 
ground trace gridding or seprarate power planes 
can be employed to reduce line inductance. 
Though often times not thought of as such, the 
traces of a memory board are basically untermi­
nated, low impedance trasmission lines. As such 
they are subject to signal reflections manifested as 
noise, undershoots and excessive ringing. Series 
termination in close proximity to the TTL drivers can 
improve driver/signal path impedance matching. 
While experimentaiton most often proves to be the 
only practical approach to selection of series resis­
tors, values in the range of 10 to 33 ohms often 
prove most suitable. 

RESET CLEAR 

ADDRESS ---~,~ --bxx;~:xxxxxj~--
RS 

IRSH-AV 

s 

MATCH 

VR001028 

Note: G ~ H1gh 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

v, Voltage on any Pin Relative to Ground -0.3 to 6 v 

TA Operating Temperature Oto 70 oc 

TsrG Storage Temperature -65 to +150 oc 

Po Power Dissipation 1 w 

lour Output Current 50 rnA 

Note: This IS a stress rabng only and functional operation of the dev1ce at these or any other conditions above those md1cated m the operat1on 
seci!Ons of thiS specJfJcatJon IS not 1mpl1ed. Exposure to absolute maximum ratmg condJ!Jons for extended penods of lime may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS (0°C:;; TA:;; +70°C) 

Symbol Parameter Min. Max. Unit Notes 

Vee Supply Voltage 4.75 5.25 v 4 

GND Ground 0 0 v 4 

v,H Logic 1 All Inputs 2.2 Vcc+0.3 v 4 

v,L Logic 0 All Inputs -0.3 0.8 v 4 

DC ELECTRICAL CHARACTERISTICS (0°C::; TA::; +70°C, Vee= 5V ± 5%) 

Symbol Parameter 

lcct Average Vee Power Supply Current 

iJL Input Leakage Current 

loL Output Leakage Current 

VoH Logic 1 Output Voltage (lour= -4 rnA) 

VoL Logic 0 Output Voltage (lour= 8 rnA) 

VoL 
Match Output LOgic 0 Voltage 
(lour = 18 rnA) 

Notes: 
1. Measured Wilh load shown in F1gure 8A. 

2 Measured With load 1n F1gure 88. 

3 Measured With load In Figure 8e 
4. All Voltages referenced to GND. 

5. lcc1 IS measured as the average Ae current With Vee= Vee 
(max) and w1th the outputs open cJrcUJts. tAvAv = IAvAv (min) duty 
cycle 100%. 

Min. Max. Unit Notes 

160 rnA 5 

-1 1 J.!A 6 

-5 5 J.!A 7 

2.4 v 4 

0.4 v 4 

0.4 v 4 

6 Input leakage current specJflcatJOns are valid for all v,N such 
that OV < VJN <Vee. Measured at Vee= Vee (max) 

7. Output leakage current spec1flcat1ons are valid for all Vour such 
that OV < Vour <Vee, S = v,H and Vee m val1d operat1ng range 

8. Sampled, not 100% tested, outputs deselected. 
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CAPACITANCE (TA = 25°C, f = 1.0 MHz) 

Symbol Parameter 

CrN Capacitance on all Input pins 

Cour Capacitance on Q Output pins 

AC TEST CONDITIONS 

Parameter 

Input Levels 

Transition Time 

Input and Output Signal Timing Reference Level 

Ambient Temperature 

Supply Voltage 

Figure 8. Equivalent Output Load Circuits 

+5.0 v 

D.U.T D.U.T 

240 ohms 

(A.) 
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Max. 

4 

10 

+5.0 v 

IB I 

Unit 

pF 

pF 

Value 

o to 3 

1.5 

1.5 

0 to 70 

5±5% 

+5V 

H 

Notes 

8 

8 

Unit 

v 
ns 

v 
oc 

v 

Rl 

270 

ohms 

D.U.T _L 

I"~ 
ICI 

V":JTC31 



ORDERING INFORMATION 

Example: 

N 

X 

Package 

PSDIP28 

PSOJ28 
300mils 

MK48S74 X 20 /20 

20 

25 

Speed 

20ns 

25ns 

35 35ns 

MK48S74 

Option 

/20 Tape & Reel 

For a list of available options of Package and Speed, refer to the Selector Guide in this Data Book or to 
the current Memory Shortform Catalogue. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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MK48S80 

VERY FAST CMOS 8K x 8 CACHE TAGRAM 

• 8K x 8 CMOS SRAM WITH ON BOARD 
COMPARATOR 

• ADDRESS TO COMPARE ACCESS TIME: 
15, 17,20,25ns 

• FAST CHIP SELECT COMPARE ACCESS : Bns 

• MATCH OUTPUT WITH FAST TAG DATA TO 
COMPARE ACCESS OF: 12, 15ns Max 

• STATIC OPERATION-NO CLOCKS OR TIMING 
STROBES REQUIRED 

• FULL CMOS FOR LOW POWER OPERATION. 

• TOTEM-POLE MATCH OUTPUT 

• THREE-STATE OUTPUTS 

• 28 PIN 300 MIL DIP & 28 PIN 300 MIL SOJ 

• HIGH SPEED ASYNCHRONOUS RAM CLEAR 

TRUTH TABLE 

w s G RS Mode DQ Match 

X X X L Reset Clear High-Z H1gh 

X H X H Deselect High-Z High 

H L H H MISS DIN Low 

H L H H Match DIN High 

H L L H Read OouT High 

L L X H Write DIN High 

PIN NAMES 

AD- A12 Address Inputs 

DQO-DQ7 Data Inputs I Outputs 

MATCH Comparator Output 

s Chip Select 

-

G Output Enable 

w Write Enable 

RS Reset Flash Clear 

Vee, GND 5 Volts. Ground 

February 1992 

28~ 28~ 
PSDIP28 (N) 

Figure 1. Pin Connection 

RS [ 1 
'-./ 

A12 [ 2 

A? [ 3 

A6 [ 4 

AS [ 5 

A4[ 6 

A3 [ 7 
MK48S80 

A2 [ 8 

A1 [ 9 

AO [ 10 

DQO [ 11 

DQ1 [ 12 

DQ2 [ 13 

GND 14 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

1 

PSOJ28 (X) 
300 mils 

P Vee 
p w 

MATCH 
AS 
A9 
A11 
G 
A10 
s 

J DO? 
J DQ6 
J DOS 
] DQ4 

J DQ3 

VA00626 
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DESCRIPTION 
The MK48S80 is a 65,536 fast static cache 
TAG RAM™ organized as 8K x 8 bits. It is fabricated 
using SGS-THOMSON's low power, high perform­
ance HCMOS4 technology. The MK48S80 fea­
tures fully static operation requiring no external 
clocks or timing strobes. The device requires a single 
5V supply and is fully TLLcompatible. The MK48S80 
has a fast Chip Select control for high speed oper­
ation to the Match Compare valid, and device 
select/deselect operations. Additionally, the 
MK48S80 provides a Reset Clear, and MATCH 
compare pin. The Reset Clear input provides an 
asynchronous RAM clear control which clears all 
internal RAM bits to zero. The MATCH output is in 
a totem-pole configuration to minimize swtiching 
delays associated with open-drain devices. During 
a MATCH compare cycle, an on-board 8-bit com­
parator compares the Data Inputs (8-bit TAG) at the 
specified address index (AO-A 12) to the internal 
RAM data. If a miss condition exists, where at least 
one bit of TAG data does not match the internal 
RAM, then the MATCH output issues a LOW miss 
signal. 

OPERATIONS 

READ MODE 

The MK48S80 is in the read mode whenever Write 
Enable (Vii) is HIGH with Output Enable (G) LOW, 
and Chip Select (S) is active. This provides access 
to data from eight of 65,536 locations in the static 
memory array. The unique address specified by the 
13 Address Inputs defines which one of the 8192 
8-bit bytes is to be accessed. Valid data will be 
available at the eight Output pins within tAvov after 
the last stable address, providing G is LOW, and S 
is LOW. If Chip Enable or Output Enable access 
times are not met, data access will be measured 
from the limiting parameter (tsLov or tGLOV) rather 
than the addresses. The state of the DO pins is 
controlled by the S, G, and W control signals. Data 
out may be indeterminate at tsLox and tGLox. but 
data line will always be valid at tAvov. 

READ CYCLE TIMING - Electrical Characteristics and Recommended AC Operating Conditions 
(0 oc ~TA ~ +70 oc; Vee= 5V± 5%) 

Symbol -15 -17 -20 -25 
Parameter Unit Note 

STD ALT Min. Max. Min. Max. Min. Max. Min. Max. 

IAVAV IRe Read Cycle lime 20 20 20 25 ns 

tAvav tAA Address Access Time 20 20 20 25 ns 1 

tsLOV tcsA Chip Select Access Time 15 15 15 15 ns 

tGLQV toEA Output Enable Access Time 10 10 10 15 ns 1 

tsLOX tcsL Chip Select to Output Low·Z 0 0 0 0 ns 

tGLQX toEL Output Enable to Low·Z 0 0 0 0 ns 

tsHOZ tcsz Chip Select to High·Z 9 9 9 9 ns 

tGHQZ toEZ Output Enable to High·Z 8 8 8 8 ns 2 

tAxax toH 
Output Hold From Address 3 3 3 
Change 

3 ns 1 
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MK48S80 

Figure 2. Read Timing No. 1 (Address Access) 

tAVAV 

ADDRESS 

r-- tAVQV 

tAXQX 

DQ PREVIOUS DATA ~XXXXX>7 DATA VALID 

VR001023 

Note: Chip Select and Output Enable are presumed Valid, W = V,H 

Figure 3. Read Timing No. 2 (W = VtH) 

ADDRESS __________ ,t==== tAVAV 1----------
L-t-A_V_O_V ____________ _ 

-s 

DO DATA VALID 

VR001024 
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WRITE MODE 
The MK48880 is in the Write mode whenever the 
W and S pins are LOW. Chip Select or W must be 
inactive during Address transitions. The Write be­
gins with the concurrence of Chip Select being 
active with W LOW. Therefore address setup times 
are referenced to Write Enable and Chip Select as 
tAVWL and tAvsL, and is determined to the latter 
occurring edge. The Write cycle can be terminated 

by the earlier rising edge of S or W. If the output is 
enabled (S = LOW, G = LOW), then W will return 
the outputs to high impedance within twLoz of its 
falling edge. Care must be taken to avoid bus 
contention in this type of operation. Data-in must 
be valid fortovwHto the rising edge of Write Enable, 
or to the rising edge of S, whichever occurs first, 
and remain valid twHox after the rising edge of S or 
w. 

WRITE CYCLE TIMING - Electrical Characteristics and Recommended AC Operating Conditions 
(0°C:'>TA:'>+70 °C;Vcc=5V±5%) 

Symbol -15 -17 -20 -25 
Parameter Unit Note 

STD ALT Min. Max. Min. Max. Min. Max. Min. Max. 

IAVAV !we Write Cycle Time 20 20 20 25 ns 

IAVWL lAs 
Address Set-up to Write 0 0 0 0 ns 
Enable Low 

IAVSL lAs Address Set-up to Chip Select 0 0 0 0 ns 

IAVWH lAw Address Valid to End of Write 15 15 15 20 ns 

twLWH twEW Write Pulse Width 15 15 15 20 ns 

IWHAX IAH 
Address Hold T1me After End 0 0 0 0 
of Write 

ns 

tsLSH tcsw Chip Select to End of Write 15 15 15 20 ns 

tsHAX lwR 
Write Recovery Time to Chip 0 0 0 0 ns 
Select 

lovwH low Data Valid to End of Write 10 10 10 13 ns 

IWHDX loH Data Hold Time 0 0 0 0 ns 

IWHQX IWEL 
Write High to Output Low-Z 0 0 0 0 ns 2 (Active) 

twLQZ lwEZ Write Enable to Output High-Z 5 5 5 5 ns 2 
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Figure 4. Writing Timing No. 1 (Write Control) 

1------ IAVAV 

VR001025 

Figure 5. Writing Timing No. 2 (Chip Select Control) 

ADDRESS 

tAVAV 

~ 
tAVWH tSHAX j 

t-ISLSH~ 

__ftAVSL 

I tWLWH 

I tDVWH_ t--- tWHDX 

w 

DQ -------------,f DATA IN VALID =1,----
VR00102B 

Note: G = v,H 
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COMPARE MODE 

The MK48S80 is in the Compare mode whenever 
W and G are HIGH provided Chip Select (S) is 
active LOW. The 13 index address inputs (AO-A 12) 
define a unique location in the static RAM array. 
The data presented on the Data Inputs (DQo-D07) 
as Tag Data is compared to the internal RAM data 
as specified by the index. If all bits are equal, then 
a hit condition occurs (MATCH = HIGH). When at 
least one bit is not equal, then MATCH will go LOW 
signifying a miss condition. The MATCH output will 
be valid tAvMv from stable address, or twMv from 
valid Tag Data when S is LOW. Should the address 
be stable with valid Tag Data, and the device is 
deselected (S = HIGH), then MATCH will be valid 
tsLMV from the falling edge of Chip Select (S). When 
executing a write-to-compare cycle (W = LOW, G 
= LOW or HIGH), MATCH will be valid twHMV or 
tGHMV from the latter rising edge of W or G respec­
tively. 

RESET MODE 

The MK48S80 allows an asynchronous reset clear 
whenever RS is LOW regardless of the logic state 
on the other input pins. Reset clears all internal 
RAM bits (65,536 bits) to a logic zero as long as 

tRSL-RSH is satisfied. The state of the outputs is 
determined by the control logic input pins S, W, and 
G during reset (see Truth Table). The MATCH 
output will go HIGH tRSL-MH from the falling edge of 
RS, and all inputs will not be recognized unit tRsH-AV 
from the rising edge of reset (RS). 

APPLICATION 

The MK48S80 operates from a 5V supply. It is 
compatible with all standard TTL families on all 
inputs and outputs. The device should share a solid 
ground plane with any other devices interfaced with 
it, particularly TTL devices. A pull-up resistor is also 
recommended for the RS input. This will ensure 
that any low going system noise, coupled onto the 
input does not drive RS below V1H minimum spec­
ifications. This will enhance proper device opera­
tion, and avoid possible partial flash clear cycles. 
Additionally, because the outputs can drive rail-to­
rail into high impedance loads, the MK48S80 can 
also interface to 5V CMOS on all inputs and out­
puts. The MK48S80 provides the system de­
signer with 64K fast static memory, a MATCH 
out-put, and a BYTEWIDE on-board comparator, 
all in one chip. The MK48S80 compares the con­
tents of addressed RAM locations to the current 

COMPARE CYCLE TIMING- Electrical Characteristics and Recommended AC Operating Conditions 
(0 oc:::; TA:::; +70 oc; Vee= 5V ± 5%) 

Symbol -15 -17 -20 -25 
Parameter Unit Note 

STD ALT Min. Max. Min. Max. Min. Max. Min. Max. 

IAVMV lAMA Address to MATCH Valid 15 17 20 25 ns 1 

ISLMV tcsM Chip Select to MATCH Valid 8 8 10 15 ns 1 

ISHMH tcsMH 
Chip Deselect to MATCH 5 5 8 12 ns 1 
High 

ITVMV IDMA Tag Data to MATCH Valid 12 12 12 15 ns 1 

IGHMV IDEM G High to MATCH Valid 10 10 10 15 ns 1 

IGLMH IOEMH G Low to MATCH High 10 10 10 12 ns 1 

IWHMV twEM W High to MATCH Valid 10 10 10 20 ns 1 

tWLMH IWEMH W Low to MATCH High 10 10 10 15 ns 1 

tMXAX IMHA MATCH Hold From Address 1 1 1 1 ns 1 

IMXTX IMHD MATCH Hold From Tag Data 0 0 0 0 ns 1 
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RESET CYCLE TIMING- Electrical Characteristics and Recommended AC Operating Conditions 
(0 oc ~ T A~ +70 °C; Vee= 5V ± 5%) 

Symbol -15 -17 -20 -25 
Parameter Unit 

STD ALT Min. Max. Min. Max. Min. Max. Min. Max. 

tRsc tRc Flash Clear Cycle Time 80 80 80 80 ns 

IRSL-AX IRSX 
Reset Clear (RS) to Inputs Don"t 0 0 0 0 ns Care 

IRSH-AV IRSV RS to Inputs Valid 5 5 5 5 ns 

IRSL-RSH tRSP Reset (RS) Pulse Width 75 75 75 75 ns 

IRSL-MH tRSM Reset (RS) to MATCH High 15 15 15 15 ns 

Figure 6. Match Compare Timing 

ADDRESS 

1----- IAVMV ------1 

w 

G 

s 

DQ 

MATCH 

VR081027 
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data inputs. A logic one "1" output on the MATCH 
pin indicates that the input data and the RAM data 
match. Conversely, a logic zero "0" on the MATCH 
pin indicates at least one bit of difference between 
the RAM contents and the input TAG, generating a 
miss. 

The MATCH output is constructed with a totem­
pole arrangement. The totem-pole configuration 
allows the designer to minimize switching delays 
and noise problems associated with open-drain 
devices. In a cache subsystem, the MATCH signal 
provides the processor or CPU with the necessary 
information concerning wait state conditions. The 
purpose of a cache subsystem is to maintain a 
duplicate copy of portions of the main memory. 
When a valid match occurs, the system processor 
uses data from the fast cache memory, and avoids 
longer cycles to the main memory. Therefore, im­
plementing cache subsystems with the MK48S80, 

Figure 7. Reset Timing 

COMPARE 

ADDRESS 

RS 

w 

s 

and providing good hit or match ratio designs will 
enhance overall system performance. Because 
high frequency current transients will be associated 
with the operation of the MK48SBO, power line 
inductance must be minimized on the circuit board 
power distribution network. Power and ground 
trace gridding or separate power planes can be 
employed to reduce line inductance. Though often 
times not thought of as such, the traces of a mem­
ory board are basically unterminated, low imped­
ance transmission lines. As such they are subject 
to signal reflections manifested as noise, under­
shoots and excessive ringing. Series termination in 
close proximity to the TTL drivers can improve 
driver/signal path impedance matching. While ex­
perimentation most often proves to be the only 
practical approach to selection of series resistors, 
values in the range of 1 0 to 33 ohms often prove 
most suitable. 

RESET CLEAR 

+---+ tRSL-MH 

MATCH '< MATCH VALID ~ 

VROOID28 

Note: G = Hrgh 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vr Voltage on any Pin Relative to Ground -0.3 to 6 v 

TA Operating Temperature Oto 70 ac 

TsTG Storage Temperature -65 to 150 oc 

Po Power Dissipation 1 w 
louT Output Current 50 rnA 

Note: This is a stress rallng only and functional operatron of the devrce at these or any other conditions above those indrcated in the operation 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS (0 oc s; T As; +70 °C) 

Symbol Parameter Min. Max. Unit Notes 

Vee Supply Voltage 4.75 5.25 v 3 

GND Ground 0 0 v 3 

VrH Logic 1 All Inputs 2.2 Vee+ 0.3 v 3 

VrL Logic o All Inputs -0.3 0.8 v 3 

DC ELECTRICAL CHARACTERISTICS (0 oc s; TA s; +70 oc; Vee= 5V ± 5%) 

Symbol Parameter Min. Max. Unit Notes 

lcc1 Average Vee Power Supply Current 160 rnA 4 

lrL Input Leakage Current -1 1 !lA 5 

loL Output Leakage Current -5 5 !lA 6 

VoH Logic 1 Output Voltage (louT= -4 rnA) 2.4 !lA 3 

VoL Logic 0 Output Voltage (louT= 8 rnA) 0.4 v 3 

CAPACITANCE (T A= 25 oc, f = 1 MHz) 

Symbol Parameter Max. Unit Notes 

CrN Capacitance on all Input pins 4 pF 7 

GouT Capacitance on Q Output pins 10 pF 7 
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AC TEST CONDITIONS 

Parameter Value Unit 

Input Levels Oto 3 v 

Transition Time 1.5 ns 

Input and Output Signal Timing Reference Level 1.5 v 

Ambient Temperature Oto 70 oc 

Supply Voltage 5±5% v 

Figure 8. Equivalent Output Load Circuits 

+5.0 v +5.0 v 

(A.I (B.) 

VC1001079 VR001030 

Notes: 

1. Measured w1th load shown in F1gure SA. 
2. Measured w1th load shown 1n F1gure 8B. 
3. All voltages referenced to GND. 
4. lcc1 IS measured as the average AC current with Vee= Vee (max) and With the outputs open Circuit. tAvAv = tAvAv (min) duty cycle 100%. 
5. Input leakage current speCifications are valid for all V1N such that 0 V < V1N <Vee. Measured at Vee= Vee (max). 

6. Output leakage current spec1f1cat1ons are valid for all Vour such that 0 V < Vour <Vee, S = V1H and Vee 1n valid operating range. 
7. Sampled, not 100% tested. 
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ORDERING INFORMATION 

Example: MK48S80 X 17 /20 

Speed 

N PSDIP28 15 15ns /20 Tape & Reel 

X PSOJ28 17 17ns 
300 mils 

20 20ns 

25 25ns 

For a list of available options of Package and Speed, refer to the Selector Guide in this Data Book or to 
the current Memory Shortform Catalogue. 

For further information on any aspect of this device, please contact our Sales Office nearest you. 

11/11 

695 





MK45180 

VERY FAST CMOS 4K x 10 CACHE SnoopTAG 

• 4K x 10 BiPORT SRAM WITH LOCAL AND 
SNOOPPORTCOMPARATORS 

• ADDRESS TO MATCH ACCESS: 17ns 

• PORT ENABLE TO MATCH ACCESS: 8ns 

• COMPREHENDS SNOOP CACHE 
COHERENCY INVALIDATION 

• ON-CHIP PARITY GENERATOR I CHECKERS 

• MASTER I SLAVE CONFIGURATION FOR 
WIDTH EXPANSION 

• RESET I FLASH CLEAR FUNCTION 

• STATUS BIT OPTION FOR BOTH PORTS 

• APPLICATION: HIGH-SPEED SINGLE AND 
MULTI-PROCESSOR CACHE SUBSYSTEM 

CONTROL & STATUS 110 

w Port A Write Enable 

G Port A Output Enable 

EA Port A Select Enable 

EB Port B Select Enable 

RS Reset (Clear) 

COMP6 Compare 6 Enable 

M/S Snoop Coherency Select as 
Master/Slave 

sw Port B Snoop Write Enable 

CF Collision Flag 

ASA Port A Address Strobe Input 

ASB Port B Address Strobe Input 

MTCHA Port A Compare MATCH Output 

MTCHB Port B Compare MATCH Output 

PERRA Port A Parity SelecV Parity Error Output 

PERRB Port B Parity Error Output 

MXI Port B Match Width Expansion 

Vcc,GND 5 Volts, GND 

February 1992 

ADVANCE DATA 

PLCC68 (Q) 

Figure 1. Logic Diagram 

PART A PO~TB 

AAO-AA11 

ASA 

w 
G 

EA 

ABO-A811 

MK45180 

ASB 

Svi 
EB 

mo-ms 
coco mas-ma9 

DQ1-DQ9 PERRB 

PERRA MTCHB 

MTCHA MXI 

Cf GNO GNDc;, 

ADDRESS & DATA 110 

AAO- AA11 Port A (Local) Index Inputs 

ABO-AB11 Port B (Snoop) Index Inputs 

CDQO 
VALID Bit Designator; Clearable 
RAM 1/0 

DQ1-DQ5 Port A Data - Tag 1/0 

DQ6-DQ9 Port A Data- Tag 1/0 I Status Btt 1/0 

TOO- TD5 Snoop Tag Data Inputs 

TDQ6-TDQ9 Snoop Tag Data Inputs I Status Bit 
Outputs 

1/28 
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DEVICE DESCRIPTION AND FEATURES 
The MK45180 is a dual-port cache tag directory, 
SnoopTAG™, targeted for high-speed applica­
tions requiring fast tag directory access compari­
sons, as well as an efficient mechanism for ensur­
ing coherency between local cache storage and 
system main memory. The device architecture is 
designed around a 49, 152-bit BiPORT™ CMOS 
Static RAM, as 4,096 words x12 bits (including 
parity and snoop valid bits). It employs SGS­
THOMSON advanced HCMOS process technol­
ogy. 
This new member of the SGS-THOMSON cache 
TAGRAMTM family offers separate and asyn­
chronous ports for Local T A GRAM accesses and 
bus watching or "snooping" during system 
write/read cycles. The Local port (Port A) oper­
ates much like the industry standard MK41 S80 
4K x 4 TAGRAM, but features a 12-bit address 
index with a 1 O-bit Data/Tag field. Port A can 
write, read, or compare the Snoop TAG's contents. 
The Bus Watch or Snoop port (Port B) also has 
a 12-bit index address with a 1 O-bit tag data 
(TDO-TD5 and TDQ6-TDQ9) field, and indicates a 
hit each time the system bus addresses a loca­
tion contained by the local cache directory. Port 
B does not perform typical SRAM write or read 
operations, but always snoops and compares sys­
tem read or write cycles to detect a hit or miss 

SnoopTAG BLOCK DIAGRAM 

condition. 
The MK45180 offers a three state totem-pole 
MTCHA output for fast match access, and data 
off time. MTCHA is active only during valid com­
pare cycles. The MTCHB output offers a totem­
pole arrangement designed for fast expansion 
times. The snoop port (Port B) includes a Match 
Expansion Input (MXI) for width expansion with­
out additional logic or cycle time penalties. Both 
MATCH outputs (MTCHA and MTCHB) are high 
for a cache "hit", and low for a cache "miss" 
during bus compare cycles. For easy match out­
put control, both match outputs offer a fast access 
time from their respective port select enables. 
The MK45180 offers two seRarate enables, EA 
(Port A Select Enable) and EB (Port B Select 
Enable), to allow for independent port selection in 
cache designs comprised of multiple SnoopTAG 
devices organized for depth expansion or set-as­
sociativity. This feature reduces the device or 
chip selection complexity for system designers 
since each port can be activated independently. 
Furthermore, the device offers a parity error out­
put (PERRA and PERRB) for each port. Parity 
error flags will assert a logic zero when an error is 
detected by the internal parity checker for Port A 
or Port B compare cycles, and for Port A read 
cycles. 

BLKDIAGM 
4Kx10 SnoopTAG: B1PORT TAGRAM 

CF 
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Figure 2 : Pin Connection 

<.0 L() --t n N ..- oi<J:: oleo o .-- N n <o::t lD c.o 
<<~~~<<~o~mmmmmmm 
~~~~~~~~>~~~~~~~~ 

9 8 7 5 5 4 3 2 1 68 67 66 65 64 63 62 61 

GND 10 50 GND 

AA7 11 59 AB7 

AA8 12 58 ABS 

AA9 13 57 AB9 

AAlO 14 55 ABlO 

AA11 15 55 ABll 

RS 15 54 MXI 

EA 17 53 MjS 

w 18 MK45180 52 COMP6 

G 19 51 EB 
CF 20 50 sw 

MTCHA 21 49 MTCHB 

GND 22 48 PERRB 

PERRA 23 47 TDO 

CDQO 24 45 TDl 

DQ1 25 45 TD2 

Vee 25 44 vee 

Nn~o~m~rornmro~molf)~n 
ooozooooooooozooo 
ooo~ooooooooo0rrr 

MODE CONFIGURATION 

Master I Slave Mode Option 
Two options are incorporated in the device for bus 
~atc~ing and w_klth exp~nsion. The mode configura­
tiOn mput (M/S) conf1gures the device as ei­
ther a Master or Slave. The M/ S input is consid­
ered as a static input, and should be tied high 
for a Master, or tied low for a Slave. The Master 
will execute automatic snoop port address invali­
dation, and determine an index address match for 
collision detection. The Slave device (M/S = low) 
observes l_ocal and snoop port cycles, and indi­
cates a hit or miss condition ; however, the 
automatic snoop invalidation and collision detec­
tion schemes are disabled. (Refer to the Coher­
ency Mode Select State Table). If the device is 
con~ig~red as the M~ster where M/S = high, then 
the md1cated entry m the cache will be invali­
dat~d during snoop write-hit cycles_j§_W = low). 
Dunng system snoop-read cycles (SW =high), a 
hit or miss is indicated by the MTCHs output, but 
the SnoopTAG cache directory is not affected. 

f---f---f-1-

VA00618 

A Mas_ter/Siave combination is employed for tag 
data f1eld w1dth expansion (see the "MATCH 
WIDTH EXPANSION" discussion and figures). 
Only the Master Snoop TAG stores the Valid Bit 
and parity errors (PERRA, PERRB) are detected 
and ANDed together from both the Master and 
Slave devices. Parity becomes valid for each RAM 
!~cation that is written into the SnoopTAG de­
VICes. Thus, a complete cache fill constitutes valid 
parity for the entire SnoopTAG master/slave 
combination. It should be noted that the Master 
ignores parity errors after reset. PERRA PERRB 
will remain true on subsequent compa~e cycles 
after a reset operation occurs. This is because 
with the suggested master/slave combination (see 
Figure 3), a reset operation only affects the Master 
SnoopTAG, and the Slave device is not dis­
~urbed. Remembering that the Master ignores par­
Ity errors for each RAM location not~ written, a 
cache flush operation using RESET (RS) for flash 
clear, will invalidate all entries generating a miss 
on subsequent compare cycles without generat­
ing undesired system parity errors. 
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Status Bit Mode Option 

The COMP6 input is a static input that is common 
to both ports. It configures the comparator on both 
ports (Port A and B) to compare either 6 or 10 tag 
data bits from the external inputs with the internal 
RAM to determine a match. If the COMP6 input is 
tied high, then a tag field of 1 0 bits is provided, 
and the SnoopTAG compares all 10 inputs on 
either port (CDOO, D01-D09 or TDO-TD5 and 
TD06-TD09) with internal RAM during port com­
pare cycles. If COMP6 is tied low, 4 bits are 
truncated from each port comparator resulting in 
a 6-bit tag, and providing four (4) status bit out­
puts during any valid compare cycle on either 
port. In summary, each port will indicate a hit or 
miss condition during a compare cycle in addition 
to providing four cache subsystem status bits si­
multane2.!!§.!L_(Note from the Block Diagram 
that the COMP6 input configures each port with a 
6-bit tag field to the comparator, and 4 status bit 
outputs. COMP6 makes no reference to the Mas­
ter/Slave selection.) 
Again, all data along with any status bits are written 
to the SnoopTAG during port A write operations. 
The status bits can be written and read from port 
A, and are valid during Port A compare cycles. 
Also, the status bits are read valid during each 
Port B snoop cycle. 
BUS WATCH PROTOCOL (SNOOPING) 
The Bus Watching or Snoop port observes the SW 
input (Snoop Write Enable) and uses the 12-bit 
Snoop index and 10-bit Tag-Data (TDCHD5 and 
TD06-TD09) to determine whether a system 
bus write cycle affects data in the local cache. 
This operation can be asynchronous to the local 
cache execution. If the addressed location re­
sides in the MK45180 TAGRAM directory (hit 
condition), tb_en that location will be invalidated 
(provided M/S = high) since it is no longer co­
herent with main memory. 

The MK45180 SnoopTAG incorporates on-board 
algorithms to aid the system designer in snoop hit 
detection and system memory coherency. Only 
one condition exists where the cache tag directory 
will be invalidated by the snoop port during sys­
tem write cycles. This is shown in the Port B 
Master/Slave Truth Table. It should be noted that 
each write/read cycle from the snoop port (Port B) 
is only a compare operation to determine a hit or 
miss condition. In other words, each snoop port 
operation simply checks the SnoopTAG direc­
tory for an address and tag match. (Snoop cycles 
allow the 4 status bits to be read when COMP6 is 
low.) The snoop port (Port B) can only invalidate 
cache tag locations when a compare-hit occurs 
during a snoop write cycle, provided the Master 
configuration is selected to enable this protocol. 
Port A, on the other hand, can write, read, and 
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compare all index address locations in the Snoop­
TAG directory regardless of its master/slave con­
figuration (refer to the Port A Master/Slave Truth 
Table). The BiPORT operations for the device 
are discussed in more detail in the following 
paragraphs. 

PARITY VERIFICATION 

In addition to cache coherency and device config­
uration inputs, the MK45180 incorporates parity 
verification. Parity diagnostic testing allows in­
valid parity to be forced into the memory array via 
Port A through the PERRA pin by forcing the pin 
low during normal write cycles. (During Port A 
write cycles the PERRA pin is a parity select input.) 
A parity diagnostic write cycle generates false par­
ity by holding PERRA low for the duration of the 
write cycle. When this address location is 
checked by the parity checker, using an even 
parity scheme, a parity error results and PERRA 
will be asserted low. The same location will also 
generate a parity error on Port B by asserting 
PERRB low. To generate and store true parity, 
the PERRA input pin must be held high for the 
duration of a Port A write cycle. 
Normal write operations assume a pull-up load 
(high level) on the PERRA pin for writing true 
parity, however, this input can be forced low at 
twLPZ during parity diagnostic write cycles. It 
must be noted that the PERRA input during write 
cycles is not the actual parity data, but acts as a 
select that self generates and stores either true 
or false parity (false = error). During parity diag­
nostic write cycles where parity is expected to be 
written false, the PERRA input must maintain a 
stable 't!.L input ( tPLWH ) to the end of the write 
pulse (W goes high), and be held stable twHPH 
after the end of write, but not to exceed twHPX 
(PERRA low-Z) to avoid bus contention. Due to 
the "on and off" time of the bus, the parity diag­
nostic write cycle requires an extended cycle. Refer to 
the Parity Diagnostic Write Timing AC specifications. 
The PERRA pin acts as an output during Port A 
read and compare cycles. This output will become 
active twHPX from the end of write, and will be 
valid lAVPV from a stable adQ.r:ess (read or com­
pare cycle), or twHPv from W going high with a 
stable address. PERRA is asserted low when­
ever a parity error is detected during a Port A 
read or compare cycle. Port B checks the tag 
field inputs plus parity during snoop cycles. The 
parity bit is not internally generated from Port B, 
but both ports check valid parity. When a parity 
error is detected during Port B snoop cycles, the 
PERRB output is asserted low. 
TYPICAL TAG WRITE OPERATIONS 
During write cycles, the Port A address index must 
remain stable with Data Inputs (CDQO and D01-DQ9) 



presented valid for a duratiol]__ of tovwH. and re­
maining valid for twHox after W goes high. Since 
bus contenti.Q_n can exist when executing wri!§. 
cycles with G asserted low, write cycles with G 
held high are recommended. Otherwise, Data In 
can be presented valid at twLoz from W low. Typ­
ical write cycles assume a constant high logic level 
load on the PERRA pin to generate and store true 
parity in the SnoopTAG. 
AUTOMATIC INVALIDATION MODE 

Although the external valid bit (V) is indicated from 
the Master MK45180 by the CDQo pin, the 
MK45180 Master also uses an internal Snoop 
Valid (SV) bit for each cache SnoopTAG entry. 
Both valid bits must be equal to a logic one (V = 
SV = 1) to indicate a hit condition on either port. 
During Port A cache tag write operations, both bits 
are set to a logic one. When a snOOP- hit occurs 
on Port B during system write cycles (SW =low), 
the Snoop Valid (SV) bit is cleared to a logic zero, 
thus providing an invalid indication for that entry. 
During compare cycles the SV bit is passed into 
either port's comparator logic. This provides easy 
asynchronous BiPORT operations, as well as en­
suring fast snoop write-hit invalidation. Both the 
MTCHB and PERRB outputs will remain stable 
during a snoop invalidation. 
As stated previously, snoop write cycles during a 
hit condition will invalidate the current Port B 
index address in the SnoopTAG array by clearing 
the snoop valid (SV) bit. A bus snoop hit during 
system write operations will invalidate the snoop 
valid bit in the Snoop TAG array only at that specific 
index address, such that SV=O (if Master Config­
uration is selected). This forces a miss and cache 
fetch-update when the local port accesses the 
same location at a later time (thus the new data 
tag is fetched and stored by local cache). This 
cache coherency method eliminates the possibil­
ity of invalid data being accessed by the local 
port. 

Since CDQo is designated as the external valid 
bit for all cache tag locations, the CDQO and TOO 
inputs can be tied high (+Vee) for using external 
valid (V) bit indication. A RESET is considered a 
Flash Clear operation where all of the RAM entries 
for the CDQO output are cleared to a logic zero. An 
asynchronous clear operation is performed by 
pulsing RS low for a minimum duration _Qf_tRLRH­
Inputs are recognized valid 1 Ons after RS goes 
high. 
BiPORT COLLISION DETECTION 
As can be noted in the Collision Detection Logic 
Table, the CF signal is asserted low whenever: 
(1) the index address inputs on both ports are 
equal (index A=Bl with both address strobes ac­
tive low (ASA = ASB = low), (2) both ports must 

MK45180 

be enabled, and (3) the port operations 
(write/compare/read) on Port A and Port B war­
rant a collision. 
First, address collision on the MK45180 Snoop­
TAG assumes that the address is valid coincident 
with or prior to the address strobe being asserted. 
Therefore, the MK45180 detects collision where 
the address strobe inputs satisfy the required 
minimum set-up time of tAsL-ASH for collision de­
tection. This ensures a valid address cycle. The 
Collision Flag (CF) will be asserted for a mini­
mum of tAsH-CFH after either address strobe 
goes high. Address strobes cannot be tied 
low, as this would allow erratic collisions. 
Second, collision is considered valid when both 
ports are enabled for a minimum set-up time of 
tE1L-E2H . The CF signal will remain low for a 
minimum of tEH-CFH after either port is disabled 
during collision. Finally, collision can be de­
tected when either port enters a write _gperation, 
thus collision is considered from the W and SW 
inputs. Collision can end whenever one port com­
pletes its current write operation or changes ad­
dresses. 

If the CF signal is not asserted (CF remains high), 
then collision is not detected, and both ports have 
completed their particular operation as expected. If 
address collision exists from address strobe for 
less than or equal to 3ns, collision will not be 
detected for that cycle, thus CF will remain high. 
This avoids undesired pulses from the Collision 
Flag when address collision is too short to have 
any affect on port operations. 
COLLISION: PORT OPERATIONS 
The MK45180 Rrovides the user with a Collision 
Detection Flag (CF) to indicate when an address 
collision occurs during BiPORT operations while 
the device is in MASTER mode. Collision in itself 
does not provide exclusive port priority or arbitra­
tion as both port operations will be completed. 
When collision occurs on a snoop write-cycle, the 
snoop invalidation protocol will supersede a write 
cycle on the local port. The invalidation is not a 
direct result of the collision, but is a result of the 
device's snoop write-hit algorithm provided the fol­
lowing conditions are met. 
To ensure invalidation, the normal Port B snoop 
write input (SW) set-up and hold times must be 
met where the SW pulse is a minimum of 
tswLSWH, (see Figures 10 and 12). In this sce­
nario, the entry is written invalid (SV = 0). For a 
successful operation, it is ex~cted that the mini­
mum times are met, and that W does not extend 
beyond the collision time (CF going high). The 
snoop invalidation operation is guaranteed to in­
validate the entry during collision at the specified 
index address. However, the true parity indicator 

ru SGS·THOMSON 
~~. lillO!:~@]~~I!mil©IIIIO!:$ 
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can be corrupted on collision during a "WRITEA -
WRITES Wins" situation. Care must be taken so 
Port A completes the Write either before of after CF 
VALID to insure proper parity bit generation. This will 
avoid potential parity errors in future Read or Com­
pare cycles to the previously collided addresses. 
By now it may be obvious that Port A write oper­
ations to the Snoop Valid (SV) bit are suspended 
during a collision with a simultaneous snoop wr:tt.e 
cycle. However, if the Port A write enable (W) 
extends a minimum of tswH-WH at the end of the 
snoop write-hit cycle, then the entry is con­
sidered written as valid (SV = 1 ). In this case, the 
Port B operation is displaced by the Port A write 
cycle (see Figure 20). Even though a local write 
can displace a snoop write-hit as just described, 
it is not considered to be the normal application. 
Typical applications are expected to allow the 
snoop invalidation operation to predominate. 
STABLE OUTPUTS DURING COLLISION 

Coincident write operations from one port at an 
identical address being accessed by the other 
port can cause data changes that result in un­
stable outputs on each port during collision. In this 
instance, it is necessary to ensure that the out­
puts remain stable. Therefore, whenever collision 
is detected both port match outputs, parity error 
flags, and data outputs are held stable for the 
duration of collision. Should either port extend its 
cycle beyond the duration of collision (CF goes 
high), then the match outputs, parity error flags 
or data outputs can begin switching logic states 
within tcFH-ox. If the latter case is not desirable, 
then the user must latch the output condition for 
the desired time when collision is detected. 

MATCH WIDTH EXPANSION 
The local port (Port A) provides a three state 
MTCHA output. The MTCHA outputs for the mas­
ter/slave configuration can be ANDed together for 
tag data width expansion. With the Master and 
Slave pair combination, the local port can cache 
up to 31 bits, plus the external valid bit, for a total 
of 32 bits (12-bit index and 20-bit tag). Operation 
cycle times are equal to the single device with 
this combination. 
For the snoop port (Port B) interface, the Match 
Expansion Input (MXI) allows MATCH width Ex­
pansion without additional logic. However, the 
MXI input employs an expansion delay of (tMxov) 
to the total match compare access time (tAvMv), 
but is within a single cycle time. Figure 3 shows a 
block diagram for implementing a width expan­
sion application. Device configuration selection 
inputs should be set for the Master and Slave 
pair combination. This combination allows a 4K 
(12-bit) address index with a 20-bit tag field 
(including the valid bit), thus caching a total of 
32 bits. The MTCHB output is taken from the 
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Master device. Operation cycle times are equal to 
the single device with this combination. 
Port control inputs and index address inputs can be 
connected in parallel for each device pair. The 
parity error (PERRA and PERRB) for each SnoQP: 
TAG must be ANDed externally. The MXI and RS 
inputs for the SLAVE device must be tied to +Vee, 
while the MTCHB output of the SLAVE becomes 
the MXI input of the MASTER. This provides hand­
shaking between the Master and Slave device for 
the snoop invalidation protocol. The RS input to the 
Master will allow a valid RAM dear operation. The 
Collision Detection Flag (CF) is taken from the Mas­
ter, since collision is disabled on the Slave device. 
Figure 4 shows width expansion using the Com­
pare 6 protocol. The index remains 4K (12 bits) 
with a 16-bit tag field and 4 status bits. This con­
figuration allows 28 bits to be cached on each 
port. Match outputs and flags are gated as in the 
previous example, along with port controls and 
index addresses bussed in parallel to both devices. 
Reset and___M29_are tied high on the SLAVE de­
vice, and COMP6 is tied low. Either device can 
enable the Compare 6 function, but the Slave 
device is suggested. If the Master detects a miss 
condition, then the Slave MTCHB input to MXI 
doesn't matter. And using 1 0 tag bits on the 
Master increases the chance of detecting a miss. 
Therefore, the COMP6 input to the MASTER is 
tied high in this example. 
FLASH CLEAR OPERATION 

The MK45180 includes an asynchronous Reset or 
Flash Clear function by asserting the RS pin 
active low (ViL) for a duration of tRLRH. This will 
effectively clear all CDQO RAM locations, thereby 
invalidating all cache entries. After reset, the re-main­
der of the array is considered invalid. 
A Reset cycle is required for each device config­
ured as the Master before normal system tasks 
begin to fill the cache. This clears the valid bit for 
all cache tag locations, and ensures that initial 
compare cycles indicate a miss condition for both 
local and snoop compare operations. All inputs 
are considered don't care and invalid while the RS 
input is low. All device outputs w.l!!_go high imped­
ance from the fallin~ofthe RS input. Device 
flag outputs (CF, PERRA and PERRB) will go 
high dur-ing a reset cycle. MTCHs will also go 
high during reset operations as shown in the 
"PORT 8 MAS-TER/SLAVE TRUTH TABLE". 
Since the reset function is asynchronous to all 
other operations, care should be taken to ensure 
that any low going system noise, coupled onto the 
RS input, does not cause VIH to drop below spec­
ified VIH levels. Glitches on the RS input could 
produce partial loss of data resulting in degraded 
system performance. A pull-up resistor in the 
rang.§_Qf 1 K to 2.2K ohms is recommended for 
the RS input to enhance proper operation. 
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Figure 3 : Match Width Expansion Diagram 

LOCAL PORT (A) ADDRESS BUS 

(TAG) 

coo 0 

(TAG) 

TDos 

TD069 

SYSTEM PORT( B) ADDRESS BUS 

MK45180 

(SLAVE) 

1-----+~H A OUT 

MATCH B OUT 

CF 
MTCH A 

MTCH B 

" 
PEAR A 1-------------f------J 
PEAR 8 PERRB 

Master/Slave 4K x 20-blt TAG With Panty 

Figure 4 : Match Width Expansion Using COMP6 

PORT A STATUS BITS 

(INPUT/ OUTPUT) 
006-9 

PORTBSTATUS BITS (OUTPUT ONLY) 

TDQ6-9 SYSTEM PORT( B) ADDRESS BUS 

LOCAL PORT (A) ADDRESS BUS 
(TAG) 

ro 1_5 
27 

12 

vss 

INDEX 

PORT CTRLS 

(TAG) (TAG) 

TD0-5 

COMP6 

MK45180 

(SLAVE) 

MTCH A 

MTCH B 

CF 

INDEX MK45180 

(MASTER) 

TDQ6·9 

9 

(VAUD) 

INDEX 

MXI PEAR A 1---------------.J--_j 

AS PEAR B 

Master/Slave 4K x 16-blt TAG w1th Panty plus 4 Status B1ts 

27 

12 

K5180WXS 
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COHERENCY MODE SELECT TABLE 

MIS CONFIGURATION MTCHA MTCHB PERRA, PERRB CF 

L 
SLAVE; Disable Collision-Detect & 

Valid Valid Valid High Snoop Invalidate 

H 
MASTER; Enable Collision-Detect & Valid Valid Valid11 l Valid 
Snoop Invalidate 

Note: 1. Parity is valid for each RAM location written after reset occurs. 

COMP6 CONFIGURATION TABLE 

- --- -- TDQ6-
M/S COMPG MODE CDOo DQ1-DQ5 DQG-009 TDO-TD5 TDQ9 

X L COMPARE 6 with 4 Status Valid Bit Data/Tag Status Bit Tag Input Status Bit 
Bits 1/0 1/0 Out 

X H COMPARE 10 Tag Bits Valid Bit Data/Tag Data/Tag Tag Input Tag Input 
1/0 110 
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PORT A MASTER/SLAVE TRUTH TABLE 

- - - - - CDQO, ---
RS EA w G MIS 

DQ1-DQ9 * 
PERRA MTCHA MODE 

L X X X X High-Z High-Z High-Z RESET I FLASH CLEAR 

H H X X X H1gh-Z High-Z High-Z DESELECT LOCAL PORT A 

H L L X X DIN Low High-Z WRITE (Force Parity Error) 

H L L X X DIN High High-Z WRITE (True Parity) 

H L H L X Dour VALID High-Z READ (MTCHA High-Z) 

H L H H X TAG1N VALID VALID 
COMPARE/ MTCHA VALID (Hit or 
Miss) 

H L H H X TAG1N Low VALID 
COMPARE CYCLE with PARITY 
ERROR 

Note: ASA is determinate only 1n colhs1on detection 
• Presumes COMP6 1s h1gh Truth Table reflects vahd port operation for either logic state of COMP6. 
If COMP6 is low, 006-009 are status bit outputs Instead of tag data inputs. 

PORT B MASTER/SLAVE TRUTH TABLE 

- - - - TDO-TDS ---
RS EB sw M/S MXI 

TDQ6-TDQ9* 
PERRB MTCHB MODE 

L X X X X High-Z High-Z Low RESET I FLASH CLEAR 

H H X X X High-Z H1gh-Z Low 
DESELECT SYSTEM 
PORTS 

H L X H L TAG1N VALID Low (t) SNOOP CYCLE I MXI 
Low 

H L X H H TAG1N VALID MISS SNOOP CYCLE 
(NO Match) 

H L L H H TAG1N VALID HITt SNOOP WRITE I 
(Master- MATCH) 

H L H H H TAG1N VALID HITt SNOOP READ I (Master 
-MATCH) 

H L L L H TAGIN VALID VALID 
SNOOP WRITE/ VALID 
(Hit I Miss Slave) 

H L H L H TAGIN VALID VALID 
SNOOP READ/ VALID 
(Hit I Miss Slave) 

Notes: ASB IS determmate only m colhs1on detection 
Ill A low level on MXI (match expansion) will force the Port 8 match (MTCHB) to be low (miss). 
t MXI must be High for a valid compare snoop-hit operation. __ 
• Presumes COMP6 1s h1gh Truth Table reflects valid port operation for either logic state of COMP6. 
If COMP6 ts low. T006-T009 are status bit outputs mstead of tag data inputs. 

SNOOP 
INVALIDATE 

-

-

No 

No 

Yes 

No 

No 

No 
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COLLISION DETECTION LOGIC 

- -- PORTA PORTB -- -- PORT -
RS EA,EB 

OPERATION 
ASA ASB 

INDEX 
CF 

OPERATION 

L X RESET RESET X X X HIGH 

H H DESELECT DESELECT X X X HIGH 

H L X X H X A=B HIGH 

H L X X X H A=B HIGH 

H L READ Snoop WRITE L L A=B LOW 

H L WRITE Snoop WRITE L L A=B LOW 

H L COMPARE Snoop WRITE L L A=B LOW 

H L READ Snoop READ L L A=B HIGH 

H L WRITE Snoop READ L L A=B LOW 

H L COMPARE Snoop READ L L A=B HIGH 

Note: Th_li; table presumes that mdex AAO-AA11 = ABO-AB11 for all examples where 
M/S =high 

PORT A: READ CYCLE TIMING- AC OPERATING CONDITIONS AND 

CHARACTERISITICS 
(0°C:>TA:>+70°C; Vcc=5V±5%) 

MK45180-17 
~YMBOL PARAMETER PORT A 

MIN. MAX. 

tAVAV Read Cycle Time 20 

tAVOV Address to Data Valid Access Time 20 

tGLQV Output Enable (G) Q Valid Access Time 10 

tELQV Port Enable (EA) Q Valid Access Time 17 

tAVPV Address to PEAR Valid Access Time 20 

tELPV Port Enable (EA) to PERR Valid 17 

tAX OX Output (Q) Hold from Address 2 

tAXPX PERR Hold Time from Address 2 

tEHOZ Port Disable to Q High-Z 0 10 

tEHPZ Port Disable to PERRA High-Z 0 10 

tGHQZ Output Disable (G) to Q High-Z 0 8 

tGLQX Output Enable (G) to Q Low-Z 0 

tEL OX Port Enable (EA) to Q Low-Z 0 

tELPX Port Enable {EA) to PERRA Low-Z 0 

Note· ASA IS presumed valid for all read t1mmg examples 
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COLLISION FLAG TRUTH 
TABLE 

w G SW CF 

L X X L 

H X L L 

H X H H 

Note. Truth table assumes a valid 
addr~cycle~ere index A=B 
With ASA and ASB low. 

MK45180-20 

PORTA Units Notes 

MIN. MAX. 

25 ns 

25 ns 4 

12 ns 4 

20 ns 4 

25 ns 4 

20 ns 4 

2 ns 4 

2 ns 4 

0 10 ns 5 

0 10 ns 5 

0 10 ns 5 

0 ns 5 

0 ns 5 

0 ns 5 
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Figure 5 : PORT A : Read Cycle Timing 

READ CYCLE READ CYCLE 

INDEXA t AVAV *J t AVAV ----->1•\ 
Ao- ~ ADDRESS VALID ADDRESS VALID ,-----
At1 __/ '----------__/ 1\_ '-----

f<-- t AVQV 

G ,\l\\ 
t AVPV-----+ 

~ IAXQX-> 
IAXPX-> 

CDQ 0 

,----r-------.t AVQV I 

!<-- t EHQZ----+ !<-- t GLQV ----> 

!<-- I GHQZ ----+ f<- t GLQX -4j 

XXX DQ ;_g 
VALID OUT 1-1-----lf'(-i'- VALID OUT 

~ t ELQX -----~'"'\'P-_____ __/ 

~ MTCH A 

IELPX 

PERRA _____ ___/ XXX '---V_A_L_ID _ __j/-t-1 --+-00 '----V_A_L_ID __ _J v-
RRBITAG1 

* AvOid metastable inputs. 

Note: W 1s presumed high 

Figure 6 : PORT A : Read Status Bit Timing 

COMPARE CYCLE (1) COMPARE CYCLE (1) 

t AVAV 

ADDRESS VALID 

IEHQZ 

VALID OUT 

COMP6DQ 

Notes : (1) W = G = h1gh. COMP6 = low. 

11/28 

707 



MK45180 

PORT A: WRITE CYCLE TIMING· AC OPERATING CONDITIONS AND CHARACTERISTICS 
(0°C ~ TA ~ +70°C; Vee= 5.0 ± 5%) 

MK45180-17 MK45180-20 

SYMBOL PARAMETER PORTA PORTA Units 

MIN. MAX. MIN. MAX. 

tAVAV Write Cycle Time 20 25 

tAVEL Address Set-Up Time (EA) 0 0 

tAVEH Address Valid to End of Write (EA) 16 18 

tAVWL Address Set-Up Time (W) 0 0 

tAVWH Address Valid to End of Write (W) 16 18 

tEHAX Address Hold after End of Write (EA) 3 3 

twHAX Address Hold after End of Write (W) 3 3 

tELEH Port Enable Pulse Width 16 18 

twLWH Write Command (W) Pulse Width 14 16 

tELWH Port Enable to End of Write 16 18 

tovEH Data Set-Up Time to EA High 12 14 

tEHDX Data Hold Time to EA High 0 0 

tovwH Data Set-Up Time to W High 12 14 

twHDX Data Hold Time from W High 0 0 

twLOZ Wnte Enable (W) Low to Q High-Z 0 8 0 10 

twHOX Wnte Enable (W) High to Q Low-Z 2 2 

Note: ASA 1s presumed valid for all write cycle timing examples. 

PORT A: PARITY DIAGNOSTIC WRITE TIMING- AC OPERATING CONDITIONS AND 
CHARACTERISTICS 
(oac ~ TA ~ +70°C, Vee= 5V ± 5%) 

MK45180-17 MK45180-20 

SYMBOL PARAMETER PORT A PORT A Units 

MIN. MAX. MIN. MAX. 

tAVAV Parity Diagnostic Write Cycle Time 25 30 ns 

twHPV Write Enable (W) High to PERRA Valid 20 25 ns 

twLPZ Write Enable (W) Low to PERRA Input High-Z 0 8 0 10 ns 

tPLWH 
PERRA Input Low to End of Parity Diagnostic 14 16 ns 
Write 

twHPH 
PERR~nput Hold Time after Parity Diasgnost1c 0 0 ns Write (W = high) 

twHPX Write Enable (W) High to PERRA Low-Z 2 2 ns 

Notes: All other parameters are equal to the normal write cycle tim1ng parameters. 
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Figure 7 : PORT A : Write Cycle Timing 

WRITE CYCLE WRITE CYCLE 

INDEXA 
t AVAV ----+t------ t AVAV ------+\ 

Ao- --___,_ 

A11 

w 

ADDRESS VALID 

t AVWH 

lDVWH 
tDvEH 

ADDRESS VALID 

t AVEH 

IELEH 

MK45180 

DATA IN VALID -'l----------< DATA IN VALID 

Notes : G 1s presumed high. Write cycles w1th G h1gh are recommended to avoid bus contention. 

Addresses must remain stable dunng write cycles. Either W or EA must terminate a wnte cycle. 

Figure 8 : Parity Diagnostic Write Cycle Timing 

WRITE CYCLE READ CYCLE 

t AVAV ------>1 

t WHPV -----1 
w 

VALID OUT 

PERRA ___ __J '---•-•_LE_cr_•_""_o_"_'" __ ..J 

Notes : EA is presumed low ; G is high 

Addresses must rema1n stable during write cycles. E1ther W or EA must terminate a wnte cycle. 

WWBITAG1 

WRPERR01 

13/28 

709 



MK45180 

PORT A: COMPARE CYCLE TIMING 
AC OPERATING CONDITIONS AND CHARACTERISTICS 
(0°C ~ TA ~ +70°C; Vee= 5V ± 5%) 

MK45180-17 

SYMBOL PARAMETER PORT A 

MIN. MAX. 

t~VAV Compare Cycle Time 20 

twHMV Write Enable High to MTCHA Valid (G = high) 17 

twLMZ W Low to MTCHA High·Z 0 10 

tGLMZ G Low to MTCHA High-Z 0 10 

tovMv Data (Tag) Compare Access Time 12 

tAvMV Address Compare (MTCHA) Access Time 17 

tELMV Port Enable Compare (MTCHA) Access Time 8 

tAXMX Address Compare MTCHA Hold Time 2 

toxMx MTCHA Hold Time from Tag Data 2 

tELMX Port Enable Low to MTCHA Low-Z 0 

tEHMZ Port Enable High to (MTCHA ) High-Z 0 10 

tEHMX Port Enable MTCHA Hold Time 2 

Note: ASA 1s presumed valid for all compare cycle t1m1ng examples. 
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MK45180·20 

PORT A Units Notes 

MIN. MAX. 

25 ns 6 

20 ns 7 

0 10 ns 7 

0 10 ns 7 

15 ns 7 

20 ns 7 

10 ns 7 

2 ns 7 

2 ns 7 

0 ns 7 

0 10 ns 7 

2 ns 7 
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Fig~re 9 : PORT A : Compare/Write Cycle Timing 

COMPARE CYCLE WRITE CYCLE 

INDEXA 
IAVAV IAVAV 

Ao-
ADDRESS VALID ADDRESS VALID 

A11 

IAVMV :-=j 
t ELEH 

EA tELMV 

twHMV 

w 

IDVMV 

CDOo ------------ ,----TA_G __ D-AT_A __ V_A_L-ID--~ "~n 

DQ1~9 

IAVPV 

tAXPX 

~ tELMX 

MTCHA------------------------+ VALID COMPARE 
COMPAREA 

• Avoid metastable inputs. 

15/28 

711 



MK45180 

PORT 8: SNOOP CYCLE TIMING • AC OPERATING CONDITIONS AND CHARACTERISTICS 
(0°C:.::; TA:.::; +70°C, Vee~ 5V ± 5%) 

MK45180-17 MK45180-20 

SYMBOL PARAMETER PORT 8 PORT 8 Units Notes 

tAYAY Snoop Cycle Time 

tAVEL Address Set-Up Time to Port Enable 

tAVEH Address Valid to Port Disable (E High) 

tEHAX Address Hold after End of Cycle (E High) 

tELEH Port Enable Pulse Width 

tAVSWH Address Valid to End of Snoop Bus Write (SW High) 

tELSWH Port Enable (EB) to End of Snoop Write 

tAVSWL Address Valid to Snoop Write (SW Low) 

tSWLSWH Snoop Write Command Pulse Width 

tswHAX Address Hold Time after End of Snoop Write 

trvswL Tag Data Input Set-up Time to SW Low 

tswHTX Tag Data Input Hold Time from End of Snoop Write 

tAVMV Address Compare (MTCHB) Access Time 

tAXMX Address Compare MTCHB Hold Time 

tELMV Port Enable Compare (MTCHB) Access Time 

tELMX Port Enable to MTCHB Low-Z 

tEHML Port Disable to Compare MTCHB Low 

trvMV Tag Data Valid to Compare Access Time 

hxMx Tag Data Compare MTCHB Hold Time 

tsWH-MX MTCHB Hold Time After Snoop Invalidation 

tswH-TQX Status Bit Hold Time from End of Snoop Write (SW high) 

tswH-PX 
PERRB Status Bit Hold Time from End of Snoop Write 
(SWhigh) 

Note: ASA 1s presumed valid for all snoop cycle t1ming examples. 
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MIN. MAX. MIN. MAX. 

30 35 ns 

0 0 ns 

25 30 ns 

5 5 ns 

25 30 ns 

25 30 ns 

25 30 ns 

5 5 ns 

20 25 ns 

5 5 ns 

0 0 ns 

5 5 ns 

20 23 ns 6 

2 2 ns 6 

18 21 ns 6 

0 0 ns 7 

10 12 ns 6 

12 15 ns 6 

2 2 ns 6 

2 2 ns 6 

2 2 ns 4 

2 2 ns 4 
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Figure 10 : PORT 8 Snoop Cycle Timing 

SNOOP WRITE CYCLE SNOOP WRITE CYCLE SNOOP READ CYCLE 

t AVAV ----foe---- t AVAV t AVAV 

ADDRESS VALID ADDRESS VALID 

sw 

MTCH B 

TDo-5 

TDO 6-9 

PERRB 

___ _/ 

tELPV _j 

VALID 

* Avo1d metastable mputs 

Figure 8 : PORT 8 Compare (match) Timing 

SNOOP CYCLE 

~--'-A_v_A_v __________ ~ 
ADDRESS VALID 

IAVEH 

MTCH B VALID 
-----~ 

Notes : Val1d snoop cycles are referenced from port enable (Es). 

VALID 

TAG VALID 

VALID 

WRSNOOP 

SNOOP CYCLE 

I AVAV 

ADDRESS VALID 
~------------------~~ 

lELMX 
IEHMH 

SNPMTCH 
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Figure 12 : PORT B Snoop Invalidation Cycle Timing 

INDEXB 
t AVAV 

Ao- ADDRESS VALID 
A11 

tAVSWL 
tsWHAX 

tsWLSWH 

sw 

twswL 
tsWHTX 

TDo-s 
TAG VALID 

TD06-9 

MTCH 8 VALID 

tswH-PX 

PERR8 VALID OUT 

tSWH-TQX 

* TDQ 6-9 VALID OUT 

SNPINVD1 

• If COMP6 is low. 

Note Es is presumed low. 
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PORT 8 :PARITY ERROR AND STATUS BIT OUTPUT TIMING 
AC OPERATING CONDITIONS AND CHARACTERISTICS 
(0°C ~ TA ~ +70°C; Vee= 5V ± 5%) 

MK45180-17 
SYMBOL PARAMETER 

MIN. MAX. 

IAVAV Snoop Cycle Time 30 

IAVPV Address Valid to PERRB Output Valid Access Time 25 

IELPV Port Enable to PERRB Output Valid Access Time 17 

IEHPZ Port Disable (EB high) to PERRB High-Z 0 10 

IAXPX PERRB Hold from Address Change 2 

IELPX Port Enable to PERRB Low-Z 0 

IAV-TOV 
Address Valid to Status Bits (TDOx) Valid Access 20 
Time 

IEL-TQV Port Enable to Status Bits Valid Access Time 17 

IAX-TQX Status Bit Hold Time from Address Change 2 

IEL-TOX Port Enable to TDOx Low-Z 0 

IEH-TOZ Port Disable (EB high) to TDQx high-Z 0 10 

Figure 13: PORT 8 Parity Error Output Timing 

SNOOP CYCLE SNOOP CYCLE 

MK45180-20 

MIN. MAX. 

35 

30 

20 

0 10 

2 

0 

25 

20 

2 

0 

0 10 

I AVAV I AVAv~~~~-+j 

ADDRESS VALID ADDRESS VALID 

EB 

IEHPZ 

PERR8 VALID VALID 

Notes : Valid snoop cycles are referenced from port enable (Es) 

MK45180 

UNIT NOTE 

ns 

ns 4 

ns 4 

ns 4 

ns 4 

ns 5 

ns 4 

ns 4 

ns 4 

ns 5 

ns 5 

SNPARITY 
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Figure 14 : PORT B : Read Statuts Bit Timing 

SNOOP CYCLE SNOOP CYCLE 

t AVAV 

ADDRESS VALID 

tEH·TOZ 

VALID OUT 

CMP6TDO 

Note : eOMP6 1s presumed tow. 

RESET/CLEAR CYCLE TIMING- AC OPERATING CONDITIONS AND CHARACTERISTICS 
(0°C s; TA s; +70°C; Vee= 5V ± 5%) 

MK45180-17 MK45180-20 
SYMBOL PARAMETER Units 

MIN. MAX. MIN. MAX. 

tRLAV Reset Cycle Time 70 70 ns 

tRLRH Reset (RS) Pulse Width 10 10 ns 

IRLAX Reset (RS Low) to Address Don't Care 0 0 ns 

IRLASX Reset to Address Strobe Don't Care 0 0 ns 

IRLGX Reset to G Input Don't Care 0 0 ns 

tRLWX Reset to W Input Don't Care 0 0 ns 

IRLSWX Reset to Snoop Write Enable (SW) Don't Care 0 0 ns 

I ALEX Reset to Ex Don't care 0 0 ns 

IRA Reset Recovery Time 20 20 ns 

tRLQZ Reset to CDQO /DQ Htgh-Z 0 20 0 25 ns 

tRLPZ Reset to Parity Error (PERRA, PERRB) High-Z 0 20 0 25 ns 

tRLMZ Reset to MTCHA High-Z 0 20 0 25 ns 

IRLML Reset to MTCHB Low 20 25 ns 

IRLCFH Reset to Collision Detection Flag (CF) High 20 25 ns 

tRLGV Reset to G Input Recognized 70 70 ns 

IRLWV Reset to W Input Recognized 70 70 ns 

IRLEV Reset to Ex Input Recognized 70 70 ns 
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Figure 15 : Reset/Clear Cycle Timing 

G 

RS 

w 
sw 

CDQ O 
DOt-9 

TDQ 6-9 

MTCH A 
MTCH B 

COMPARE CYCLE RESET/CLEAR CYCLE WRITE CYCLE 

IAVAV ------~------ IAVAV ----">! 

ADDRESS VALID ADDRESS VALID 

tDvwH 

DATA VALID DATA IN 

f-- '""' ---1 ::~ ~ =>< xxxo~--V~A~LI~D--j-lk--1\,~========---------- MTCH A ---
- MTCH B 

f- '"" _. 
::::~ -----,\ ___ V_A_L-ID-~x xxxJ*---------------~ 

~ '""":1 
\~--'---""XX--"---'XL--'---'XJ~----,c.-,TAG1 CF 
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PORT 8 : MATCH WIDTH EXPANSION CYCLE TIMING 
AC OPERATING CONDITIONS AND CHARACTERISTICS 
(0°C::;; TA::;; +70°C; Vee = SV ± 5%) 

MK45180-17 
SYMBOL PARAMETER 

MIN. MAX. 

tMXVAV Match Width Expansion Cycle Time 35 

tAVMXV-MV 
Address Expansion MTCHB Access 25 
Time 

tELMXV-MV Port Enable Expansion MTCHB Access 23 

tMXDY Match Expansion Delay Time 5 

Figure 16: Match Width Expansion Timing 

MK45180-20 
UNITS NOTES 

MIN. MAX. 

40 ns 

28 ns 6 

26 ns 6 

5 ns 6 

E CONTROL MATCH EXPANSION ADDR. CONTROL MATCH EXPANSION 

INDEX B 

Aa· 

All 

E B 

TD~-5 
TDQ 6·9 

MXI 

(Expansion In 
to Master) 

MTCH B (MASTER OUT) 

(Output) 

• Avoid metastable Inputs 
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I MXVAV I MXVAV 

ADDRESS VALID ADDRESS VALID 

I AVMV 
I ELMV 

TAG DATA VALID TAG DATA VALID 

VALID 

IMXDY 

VALID 

MEXPTIM 



MK45180 

COLLISION DETECTION TIMING- AC OPERATING CONDITIONS AND CHARACTERISITICS 
(0°C::; TA::; +70°C; Vee= 5V ± 5%) 

MK45180-17 MK45180-20 
SYMBOL PARAMETER Units 

MIN. MAX. MIN. MAX. 

IAV·ASL 
Address Index Valid to Address Strobe Active 
(Low) 

5 5 ns 

lASH-AX Address Strobe High to Address Index Change 5 5 ns 

IASL-CFL 
Address Strobe Low to Collision Flag (CF) 12 15 ns 
Asserted 

IASH-CFH Address Strobe High to CF High 5 5 ns 

IAX-CFH Port Index Address Change to CF High 5 5 ns 

IASL-ASH Port Address Strobe Set-Up Time 12 15 ns 

IE1 L-E2H 
Collision Set-Up Time for Both Ports Enabled to 12 15 ns 
One Port Disabled 

IEL-GFL Either Port Enable Low to CF Asserted 12 15 ns 

IEH-CFH Either Port Disable to CF High 5 5 ns 

twL-GFL 
Port A Write Command (W = low) to CF 12 15 
Asserted 

ns 

IWH·GFH 
Port A Compare/Read Command (W = high) to 5 5 ns 
CF High 

lswL-GFL 
Port B Snoop-Write Command (SW = low) to CF 12 15 ns Asserted 

lswH-CFH 
Port B Snoop-Read Command (SW = high) to 5 5 ns CF High 

tsHW-WH 
Port A Collision Displacement : W Low Hold 10 12 ns Time after End of Snoop Write 

lcFH-QX 
Output (MTCHx,__E_ERRx, DQx, TDQ6-TDQ9) 2 2 ns 
Hold Time from CF High 

Notes 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4,6 
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MK45180 

Figure 17: Port Enable Collision Cycle Timing 

PORT ENABLE COLLISION CYCLE 

* 
t AVAV i INDEXA 

Ao-
ADDRESS VALID A=B 

A11 

'"~~ t AVAV i ADDRESS VALID A=B Ao-

A11 

-

if// E A 

.- tE1L-E2H --> 

~ 
-
E 8 

._ tEL-CFL i -tEH-CFH 1= -
CF 

Note Address Strobes (ASx) are presumed low. 

Figure 18: Port Operation Collision Cycle Timing 

PORT OPERATION COLLISION CYCLE 

* 
t AVAV 

A 

ADDRESS VALID A=B \ 

t AVAV 
B 
~ 

ADDRESS VALID A=B 
___/ 

w 
twH-CFH ----> //4= \_ 

twL-CFL '" 
SW \\\ 

{SWH-CFH 
tswL-CFL 

CF 
OPLOGCF 

24/28 

720 



Figure 19 :Address Collision Cycle Timing 

INDEX AND ADDRESS STROBE COLLISION CYCLE 

~~EXA ________ ~~~A~S:':::DA·B 
t AVAV ----------~ 

ADDRESS VALID A=B 

t AV-ASL 

l 
IASL-ASH 

AS B 

CF 
'---------_JASCFBHIT 

Note : Address Enables (Ex) are presumed low. 

Figure 20 : Collision : Snoop Invalidation Displacement 

COLLISION AND INVALIDATION 

Note : Address Strobes (ASx) are presumed low. 

PORT A DISPLACEMENT 

COLLISION WITHOUT INVALIDATION 

MK45180 
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MK45180 

ABSOLUTE MAXIMUM RATINGS* 

SYMBOL PARAMETER VALUE UNIT 

v, Voltage on any Pin Relative to Ground -0.5to 6 v 

TA Ambient Operating Temperature 0 to 70 oc 
TsTG Storage Temperature -65to 150 oc 
Po Power Dissipation 2.5 w 

louT Output Current t 50 mA 

'.This is a stress rating only and functional operation of the device at these or any other conditions above those indicated in 
the operation sections of this specification is not 1mphed Exposure to absolute maximum rating conditions for extended periods 
of time may affect reliability. 
t Output current absolute maximum rating is specified for one output at a time, not to exceed a duration of 1 second. 

RECOMMENDED DC OPERATING CONDITIONS (0°C :s;TA:s; +70°C) 

SYMBOL PARAMETER MIN TYP. MAX UNITS NOTES 

Vee Supply Voltage 4.75 5 5.25 v 

GND Ground 0 0 0 v 

v,H Logic 1 All Inputs 2.2 3 Vee+ 0.3 v 

V1L Logic 0 All Inputs -0.3 0.2 0.8 v 
- --

Note. All voltages referenced to GND. Inputs MIS and eOMP6 are stat1c inputs requ1nng V1Hm1n = Vccm<n, and V"max = GNDmax 

DC ELECTRICAL CHARACTERISTICS (0°C :s; TA :s; +70°C, Vee= SV ± 5%) 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

lee1 
Average Vee Power Supply Current (Both 250 mA 8,9 Ports) 

lee2 
Active Vee Power Supply Current (Ex= Low; 180 mA 9,10 f=O) 

lss1 CMOS Stdby Current (Ex ~ Vee -0.2 V, f =0) 130 mA 11 

Ill Input Leakage Current (Any Input) -1 1 J.lA 2 

ILO Output Leakage Current -5 5 J.lA 2 

VoH Output Logic 1 Voltage (loH = -4.0mA) 2.4 v 1 

VoL Output Logic 0 Voltage (loL = 8mA) 0.4 v 1 

VoH MTCHA and MTCHB ( loH = -12mA) 2.4 v 1 

VoL MTCHA and MTCHB (loL = 18mA) 0.5 v 1 
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CAPACITANCE ( TA = 25°C, f = 1.0MHz) 

SYMBOL PARAMETER 

c, Input Capacitance on all pins (except DQ) 

Co Output Capacitance 

Notes : 

1. All voltages referenced to GND. 

2. Measured w1th GND :; V :; Vee and outputs deselected. 

3. Output buffers are deselected. 

4. Measured with load as shown 1n Figure 21A. 

5. Measured With load as shown in Figure 21 B. 

6 Measured with load as shown in Figure 22A. 

AC TEST CONDITIONS 

Input Levels 

Transition T1me 

Input and Output Signal Timing Reference Level 

Ambient Temperature 

Vee 

Figure 21 : Output Test Load Circuits 

+5V +5V 

5 pF" 

(A.) (B.) OUTLOAD 

• Includes scope and test jig. 

MK45180 

TYP MAX UNITS NOTES 

6 8 pF 14 

8 10 pF 3,14 

7. Measured with load as shown in Figure 22B 

8. lcc1 measured With outputs open, Vee max. 

9. lcc1. lcc2 measured 1n COMPARE mode. 

10 lcc2 measured w1th outputs open, Vee max; f:::O 

11. All other Inputs <: Vcc·0.2 or :; GND+0.2, no toggle. 

12. Capacitances are sampled and not 100% tested. 

GND to 3V 

1.5 ns 

1.5 Volts 

ooc to 70°C 

5V±5% 

Figure 22 : Match Test Load Circuits 

5 pF" 

(A.) (B.) TLMTCHA 

• Includes scope and test Jig. 
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MK45180 

ORDERING INFORMATION 

Example: MK45180 Q 17 

L 
l Speed 

Q PLCC68 17 17ns 

20 20ns 

For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

28/28 
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MK4202 

VERY FAST CMOS 2K x 20 CACHE TAGRAM 

• 2048 x 20 CMOS SRAM WITH ONBOARD 
COMPARATOR 

• MATCH ACCESS TIME: 17, 20, 25ns 

• READ ACCESS TIME: 20ns Max 

• RESET CYCLE: 25ns Max 

• Icc (OUTPUTS DESELECTED): 250mA Max 

• STANDBY: 50mA Max 
• FLASH CLEAR VALID BIT FUNCTION 

• TARGET APPLICATION: 68040-30, AND 
80486-50 CACHE 

PIN NAMES 

Vee, GND 5 Volts, Ground 

AO-A10 Index Address Inputs 

CDOO Clearable Tag Data 1/0 

D01-DQ19 Tag Data 1/0 

EO- E3 Chip Enable (Programmable Active 
Low or High) 

PO- P3 Chip Enable Program Inputs 

RS Reset Input (Active Low) 

s Chip Select Input (Active Low) 

w Write Enable (Active Low) 

G Data Output Enable (Active Low) 

co Compare 0 Output (3-State) 
Hit = High, Miss = Low 

C1 
Compare 0 Output (3-State) 
Hit= High, Miss = Low 

HO Force Hit 0 Input (Active Low) 

H1 Force Hit 1 input (Active Low) 

MO Force Miss 0 Input (Active Low) 

M1 Force Miss 1 Input (Active Low) 

CGO Compare 0 Output Enable (Active Low) 

CG1 Compare 1 Output Enable (Active Low) 

February 1992 

PLCC68 (Q) 

Figure 1. Logic Diagram 

RS w c 

AO-A10 COQO 

EO-E3 
001-0019 

PO-P3 
eGO 

HO MK4202 

eel 
HI 

co 
MO 

M1 e1 

Vee GNO 

VA00621 
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MK4202 

Figure 2. Block Diagram 

RS 

AD-A5 

PO-P4 

EO-E4 

DEVICE DESCRIPTION AND FEATURES 

The MK4202 is designed to be connected DI­
RECTLY to a high performance 32 bit microproces­
sor, allowing the elimination of the logic delays 
associated with collecting HIT or Miss outputs into 
a subsequent gate or the RC delays associated 
with wired-OR open collector match outputs. 

The MK4202 TAGRAMTM has four major features 
that allow direct connection: 

1. Wide enough for almost any TAG RAM applica­
tion without requiring multiple chip width expan­
sion and the delays that would result. 

2. Four (4) programmable CHIP ENABLE inputs. 
allowing DEPTH EXPANSION without any of 

2/19 
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co 

w 

C1 

the attendant chip enable decode delays that 
would otherwise be required. 
PO-P3 should be tied directly to Vee or Ground, 
or through pull-up or pull-down resistors. The 
MK4202 is selected when EO-E3 equals PO-P3 
in a binary match. 
(Example: EO-E1 = 011 0, PO-P3 = 011 0.) 

3. 3-STATE COMPARE OUTPUTS, allowing all 
Compare outputs to be bused together so the 
Address-to-Compare access time for a depth 
expanded application is identical to that of a 
single device. The Programmable Chip Enables 
prevent bus contention by assuring that only 
one TAGRAM at a time drives each Compare 
bus when in Compare mode. 



MK4202 

Figure 3. Pin Connection 

(.) 0 
nN-OnN-OUO-Nnv~WZ 
~~~~wwww>~~~~~~~~ 

9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61 

RS 10 60 A10 
Vee 11 59 Vee 

eooo 12 58 0019 
OQ1 13 57 0018 

GNO 14 56 GNO 
002 15 55 0017 
003 16 54 0016 
Vee 17 53 Vee 
004 18 MK4202 52 0015 
005 19 51 0014 
GNO 20 50 GNOo 
006 21 49 0013 
007 22 48 0012 
Vee 23 47 Vee 
008 24 46 0011 
009 25 45 0010 
GNO 26 44 GNO 

27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 

1'- co m 1~ u I:S: \UJ o l:i l:i IG lo 1o lo u o 0 
~~~ .;: ~ u~Its~U 

4. DUAL COMPARE OUTPUTS (CO and C1) and 
FORC~ HIT {!:!Q and H1) and FORCED 
MISS (MO and M1) inputs for each. The ar­
rangement allows direct connection of theTA­
G RAM to a processor input (such as the 
READY input on Intel based processors), and 
to the Output Enable (OE) on a Data CACHE 
bank. The connection of the signals which 
would have been connected to the processor 
inputs and/or data CACHE inputs, are 
PASSED THRU the MK4202 TAGRAM, thus 
eliminating the need for subsequent gates to 

VA00620 

collectthe COMPARE OUTPUTS to develop an 
input to the processor and/or data CAHE. The 
net effect is that the Address-to-Compare access 
time dem-onstrated by the MK4202 is all of the 
delay the user must consider. The alternative 
approach, using narrow TAGRAMs with open 
collector output or narrow TAG RAMs with 2-state 
outputs and 7.5ns programmable logic, requires 
that the narrow TAGRAMs demonstrate a 9ns 
Address-to-Compare access time to yield the 
same performance in a user's system that the 
MK4202 provides. 
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MK4202 

POWER DISTRIBUTION 
The MK4202, being a 20 output device, obviously 
requires the use of good power bussing tech­
niques. MK4202 has been designed in such a way 
as to allow the user to minimize the effects of 
switching transients on overall circuit operation. Of 
particular interest is the separate bussing of the 
Vee and GND lines to the output drivers. The 
advantage provided by these separate power pins 
is that voltage sags and ground bumps seen on 
these pins are not reflected into the other portions 
of the chip, particu-larly the input structures. As a 

Figure 4. Application Block Schematic 

ADDRESS 

CONTROL 
PAL 

LOGIC 

180486 EO A D 
~ MK4202 

- H1 2Kx20 
L....,. M1 TAG RAM 
~ HO - MO PO~O 

P0~1 co 1 

READY I 

DATA 
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C1 

co 

result, switching noise in the supply has much less 
effect on input levels, providing the user with more 
noise margin than would otherwise be available. 

Of course all Vee and GND pins must always be at 
the same DC potential. Differences between them 
due to AC effects are expected, but must be mi­
nimized through the adequate use of bussing and 
bypassing. All specifications and testing are done 
with GND ± 1 OmV RMS, Vee = ± 1 OmV RMS with 
instantaneous peak differences not exceeding 
50mV. 

ADDRESS 
I BUFFER 

SYSTEM 
BUS 

OE 

DATA 
CACHE 

D 

DATA 
XCVR 



TRUTH TABLE 

RS s E w G MO,M1 HO,H1 CGO,CG1 

Hi - X - - Lo X X 

Hi - X - - Hi Lo X 

Hi - X - - HI Hi Hi 

Hi X F X X Hi Hi X 

Hi X T Hi Hi Hi Hi Hi 

Hi X T Hi H1 Hi Hi Lo 

Hi Hi T Lo X Hi Hi Lo 

Hi Hi T X Lo Hi Hi Lo 

Hi Lo T Lo X Hi Hi Lo 

Hi Lo T Hi Lo Hi Hi Lo 

Lo Hi X X X - - -

Lo X F X X - - -

Lo X X Hi Hi - - -

Lo X X Hi Lo - - -

Lo Lo T Lo X - - -

Lo X T Hi Hi Hi Hi Lo 

Notes: 
1. Force hit/m1ss operations Independent of other RAM operations. 
2. May disrupt Reset, will not damage device 
3. Reset w1ll force CO and C1 low during a valid compare when CDQO IS D1N= HIGH. 

Key: X 
F 
T 

=Don't Care 
=(False) EO-E3 pattern DOES NOT rnatch PO-P3 pattern. 
=(True) EO-E3 pattern DOES match PO-P3 pattern 
= Not related to identified mode of operation 

MK4202 

MODE CO,C1 DQ NOTES 

Force Miss Low - 1 

Force Hit High - 1 

Camp Disable Hi-Z - 1 

Standby Hi-Z Hi-Z 

Compare Hi-Z Dtn 

Compare Hilla Din 

Hit Hi Hi-Z 

Hit Hi Hi-Z 

Write Hi Din 

Read Hi 
D 

Out 

Reset - Hi-Z 

Reset - Hi-Z 

Reset - Hi-Z 

Reset - Lo-
z 

Not Allowed - Hi-Z 2 

Reset Lo Din 3 
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MK4202 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

V1 Voltage on any Pin Relative to GND -0.3 to 7.0 v 
TA Ambient Operating Temperature (T A) Oto 70 oc 

Tsm Ambient Storage Temperature (plastic) -55 to 125 oc 
Po Total Device Power Dissipation 2.5 w 

lour RMS Output Current per Pin 25 mA 

Note : Stresses above those hsted under "Absolute Max1mum Ratmgs" may cause permanent damage to the devtce Thts ts a stress rattng 
only and functional operation of the device at these or any other condition above those Indicated in the operation sections of this spec1flcat1on 
is not tmplted. Exposure to absolute maxtmum rating condittons for extended penods may affect device rel1abtlity. 

DC ELECTRICAL CHARACTERISTICS (TA = 0 to 70°C, Vee= 5V ±5%) 

Value 
Symbol Parameter Unit Note 

Min. Typ. Max. 

Icc Average Power Supply Current 250 mA 1 

lccA Active Power Supply Current (I = 0) 200 mA 1 

I sst TTL Standby Current 50 mA 1 

ltL Input Leakage Current ±1 !!A 2 

loL Output Leakage Current ±10 !!A 3 

ViL Input Low Voltage -0.3 0.8 v 4 

V1H Input H1gh Voltage 2.2 Vcc+0.3 v 4,5 

VoH Logic 1 Output Voltage (lour= -4mA) 2.4 v 4 

VOL Logic 0 Output Voltage (lour= 8mA) 0.4 v 4 

Notes: 4. All voltages referenced to GNO. 

1. Measured wtth outputs open. Vee max. 5. Inputs (PO-P3) require V1H min. = 4 5 volts and V" max. = 0.5 volts. 

2 Measured with v,N = ov to Vee. 6. Sampled, not 100% tested. Measured at 1 MHz. 

3 Measured at COOO, 001-0019, CO and C1 7. Measured at all data I/O's, CO and C1. 

CAPACITANCE (T A= 25°C, f = 1.0 MHz) 

Symbol Parameter 
Value 

Unit Notes 
Min. Typ. Max. 

c, Input Capacitance 4 4 pF 6 

Co Output Capacitance 8 10 pF 6.7 
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AC TEST CONDITIONS 

Parameter 

Input Levels 

Transition Time 

Input and Output Timing Reference Level 

Ambient Temperature 

Supply Voltage 

Figure 5. Equivalent Output Load Circuits 

D.U.T 

READ MODE 

+5.0 v 

Vss 

(A.) 

470 ohms 

30 pF * 

VROOIJ36 

The MK4202 is in the Read mode whenever W is 
HIGH, and G is LOW provided Chip Select (S) is 
LOW and a true Chip Enable pattern (EO-E3) is 
applied. The 11 address inputs (AO-A10) define a 
unique index address giving access to 20 of 40,960 
bits of data in the static memory array. Valid data 
will be present at the 20 output pins within tAvov of 
the last stable address provided Chip Enable, Chip 

D.U.T 

Value 

0 to 3 

5 

1.5 

Oto 70 

5±5% 

+5.0 v 

470 ohms 

240 ohms 

Vss 

(B.) 

MK4202 

Unit 

v 
ns 

v 
oc 
v 

5 pF * 

VlQ0"037 

Select (S}, and Output Enable (Ql access times 
have been rnet. If Chip Enable, S, or G access 
times are not met, data access will be measured 
from the latter falling edge or limiting parameter 
(tEvov, tsLOv, or tGLov). The state of the tag data 
1/0 pins is controlled by the (EO-E3), S, G, and W 
input pins. The data lines may be indeterminate at 
tEvox, or tsLox, or tGLOX, but will always have valid 
data at tAVQV. 
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MK4202 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Read Cycle Timing) (0°C ~ TA ~ 70°C; Vee = SV ± 5%) 

Symbol -17 -20 -25 
Parameter Unit 

STD ALT Min. Max. Min. Max. Min. Max. 

lAVAV tc Cycle Time 20 25 30 ns 

IAVQV lAA Address Access Time 20 25 30 ns 

lAX OX lAOH Address Output Hold Time 5 5 5 ns 

lAEQV lEA Chip Enable Access Time 20 25 30 ns 

lEXQX lEOH Chip Enable Output Hold Time 4 4 4 ns 

lEVQX lELZ Chip Enable TRUE to Low-Z 4 4 4 ns 

lEXQZ lEHZ Chip Enable FALSE to high-Z 8 8 10 ns 

tsLOv tsA Chip Select Access Time 12 15 18 ns 

lSHQX tsoH Chip Select Output Hold Time 2 2 2 ns 

tsLQx lsLZ Chip Select to Low-Z 3 3 3 ns 

lsHOZ lsHZ Chip Select to High-Z 4 4 6 ns 

lGLQV lGA Output Enable Access Time 10 13 15 ns 

lGHQX lGOH Output Enable Output Hold Time 2 2 2 ns 

IGLQX tGLz Output Enable to Low-Z 2 2 2 ns 

tGHQZ lGHZ Output Enable to High-Z 5 5 8 ns 

Figure 6. Read Cycle 

ADDRESS ----------,·~r-------V-A-l:-:-:-:-:-R-ES-S------~~-------------
------------'~ IAVOV ---j ~IAXQX 

*E!RuE CHIP ENABLE PATTERN ¥ 
IEVQV +====+=IEXQZ 

------------'t' . IEVQX ll ;t~XQX 
LsLa~ tsHaz j 
~tSLQX ---j ---+ISHQX 

----------,\ I 

~~~:-:-~a-a:_=r-j __________ _JI tGH~~~ax 

w f I Lax 
------------------~-----1-J* DATA OUT 

DO 

VR001038 
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MK4202 

Figure 7. Address Read Cycle 

ADDRESS 

-------,1 !AVAV I ---~1,-----V-A_LI_D_A_D_D-RE_S_S----,i--------
!AVOV -------j ~!AXOX 

DO > J ) ) ) ) J J > > J J > '/J., DATA OUT '/J.,( ( ( ( ( ( ( ( 
VR001039 

Figure 8. Chip Enable Read Cycle 

DO 

VR001040 

Figure 9. Chip Select Read Cycle 

_ !SLOV--'----. !SH~Z j 

DO 

r--!SLOX 1 !SHOX 

-) ~ <- DATA OUT 

'I 
VR001041 

Figure 10. Output Enable Read Cycle 

_tGLOV _ !GHOZ l 
_ tGLOX_ !GHOX 

DO ( DATA OUT ->'I 
VR001042 
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MK4202 

WRITE MODE 
The MK4202 is in the Write mode whenever W is 
LOW provided Chip Select (S) is LOW and a true 
Chip Enable pattern (EO-E3) is applied (G may be 
in either logic state). Addresses must be held valid 
throughout a write cycle, with either W or S inactive 
HIGH during address transitions. W may fall with 
stable addresses, but must remain valid for twLWH-

Sinc~Lthe write begins with the concurrence of W 
and S, should W become active first, then tsLsH 
must be satisfied. Either W or Scan terminate the 
write cycle, therefore tovwH or tovsH must be satis­
fied before the earlier rising edge, and twHDX or 
tsHox after ttl? earligr rising edge. If the outputs are 
active with G and S asserted LOW and with true 
Chip Enable, then W will return the outputs to high 
impedance within twLoz of its falling edge. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Write Cycle Timing) (0°C::; TA::; 70°C; Vee = SV ± 5%) 

Symbol -17 -20 -25 
Parameter Unit Note 

STD ALT Min. Max. Min. Max. Min. Max. 

tAVAV tc Cycle Time 20 25 30 ns 

tAVWL lAS Address Set-up T1me toW LOW 0 0 0 ns 

twHAX IAH Address Hold Time from W HIGH 0 0 0 ns 

IAVSL lAS Address Set-up Time from S LOW 0 0 0 ns 

tsHAX IAH Address Hold Time from S HIGH 0 0 0 ns 

tEVWL tES Chip Enable Set-up Time to W LOW 3 3 3 ns 

IWHEX IEH 
Chip Enable Hold Time from W 

0 0 0 HIGH 
ns 

tEVSL IEs Chip Enable Set-up Time to S LOW 3 3 3 ns 

tsHEX IEH Chip Enable Hold time to S HIGH 0 0 0 ns 

IWLWH tww Wnte Pulse Width 12 15 18 ns 

lsLSH lsw Chip Select Pulse Width 16 16 20 ns 

loVWH los Data Set-up Time toW HIGH 12 12 15 ns 

tWHOX loH Data Hold Time from W HIGH 0 0 0 ns 

tovsH los Data Set-up Time to S HIGH 12 12 15 ns 

tSHOX loH Data Set-up Time to S HIGH 0 0 0 ns 

twLOZ twz Outputs Hi-Z from W LOW 8 8 10 ns 

twHOX lwL Outputs Low-Z from W HIGH 5 5 5 ns 
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MK4202 

Figure 11. W Write Cycle 

1------ tAVAV -------j 

ADDRESS ~ VALID ADDRESS *-------
~tAVWL ?tWHAX 

-----------~¥~-T_R_U_E_C_H_I_P_E_N_A_B-LE_P_A_T_T-ER-N~¥, 

~ --l=t- tEVWL -~tWHEX 
tWLWH 

w 

/Ill 

l IWLQZ t IDVWH _ 

tWHDX 

DO 
\ DATA IN 

VR001043 

Figure 12. S Write Cycle 

---------t·---1 ---V-A_LI_D_A_D-DR_E_S_S----~* tAVSL ?-t-SH_A_X ____ _ 

ADDRESS 

* TRUE CHIP ENABLE PATTERN * -4 tEVSL _=rtSHEX 

ISLSH 

-" 

w 
~1 I I I 

!SHDX 

t= tDVSH _ 

\ DATA IN DO 

VR001044 
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MK4202 

COMPARE MODE 
The MK4202 is in the Compare mode whenever W 
and G are HIGH provided a true Chip_Enable 
(EO-E3) pattern is applied. Chip Select (S) is re­
guarded as a don't care since the user is not 
concerned with the data outputs, but Q!l]y with the 
Compare (CO, C1.L2_!J_tputs. Mx and Hx must be 
HIGH, and CGO, CG1 active LOW to enable the 
Compare outputs for a valid compare hit or miss. 

The 11 index address inputs (AO-A 1 0) define a 
unique location in the static RAM array. The data 
presented on the Data Inputs (D01-D019 and 
CDOO) as Tag Data is compared to the internal 
RAM data as specified by the index. If all bits are 

equal (match) then a hit condition occurs (CO and 
C1 = HIGH). If at least one bit is not equal, then a 
miss occurs (CO and C1 = LOW). 

The Compare output will be valid tAvcv from stable 
address, or tovev from valid tag data provided Chip 
Enable is true, and CGx is active LOW. Should the 
address be stable with valid tag data, and Chip 
Enable false, then compare access will be within 
tEvev from true Chip Er:§.ble. When ex~cuting a 
write-to-compare cycle (W =LOW, and·G =LOW 
or HIGH). CO and C1 will be valid twHev or tGHev 
from the latter rising edge of W or G respectively. 
Finally, whe_JJ__Q?ting the Cx output in the compare 
mode with CGx, the compare output will be valid 
tcGL-ev from the falling edge of CGx. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Compare Cycle Timing) (0°C ::; TA::; 70°C; Vee= 5V ± 5%) 

Symbol -17 -20 -25 
Parameter Unit Note 

STD ALT Min. Max. Min. Max. Min. Max. 

IAVCV lAC A Address Compare Access Time 17 20 25 ns 

IAXCX tACOH 
Address Compare Output Hold 5 5 5 ns 
Trme 

tovcv toeA Tag Data Compare Access Time 14 16 20 ns 

toxcx locH Tag Data Compare Hold Time 2 2 2 ns 

lwLCH !wcH W LOW to Compare HIGH 10 10 12 ns 

IWHGX twcoH W Compare Output hold Time 1 1 1 ns 

IWLCX IWLCZ W to Compare HOLD 3 3 3 ns 

IWHCV twcv W to Compare Valid 10 10 12 ns 

IGLCH IGCH G Low to Compare HIGH 10 10 12 ns 

IGHCX ICGOH G Compare Output Hold Time 1 1 1 ns 

IGLCX tGLCZ G to Compare to HOLD 3 3 3 ns 

tGHCV tGCV G to Compare Valid 10 10 12 ns 

tEVCV tECA E True to Compare Access Trme 17 20 25 ns 

tEXCX tECOH E False Compare Hold Time 4 4 4 ns 

IEVCX IECLZ E True to Compare Low-Z 4 4 4 ns 

IEXCZ tECHZ E False to Compare High-Z 8 8 10 ns 

!cGL-CV !eGA CGx to Compare Access Trme 6 8 10 ns 

!cGH-CX lcGOH CGx Compare Hold Time 2 2 2 ns 

lcGL-CX !CGLZ CGx LOW to Compare Low-Z 2 2 2 ns 

ICGH-CZ ICGHZ CGx HIGH to Compare High-Z 8 8 10 ns 
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Figure 12. Summary Compare Cycle 

1------ IAVAV -----oi 

ADD JESS 

-----.~-~-A-VC_V_V~~~L~ID~AD~D~R=E~SS~--~*~-----------

E TRUE CHIP ENABLE PATTERN 

IEVCV ---;-1 
tEVCX ---1 I 

DATA IN 

IEXCZ 

DQ 

Notes: 

1. Wand G are both assumed to be HIGH. 
2. Hx and Mx are both assumed to be HIGH. 

Figure 13. Compare Cycle 

ADDRESS VALID ADDRESS 

DO DATA IN 

ICGL-CVl 

+---t--ICGL-CX 
I ((£ HIT /MISS VALID 

ICGH-CZ 

~ "'" "'""" '"c'~ 
tAXCX l 

El'"' tDVCV 

XCX 

VR001045 

IN 

Cx HIT/MISS VALID a HIT/MISS VALID 

Notes: 

1. Wand G are both HIGH, CGx is LOW and a true Chip Enable pattern is present. 
2. Hx and Mx are both assumed to be HIGH. 

MK4202 

VR001046 

13/19 
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MK4202 

RESET MODE 

The MK4202 allows an asynchronous reset when­
ever RS is LOW regardless of the logic state on the 
other input pins. Reset clears all internal RAM bits 
in CDQO (2048 bits) to a logic zero. This output can 
be used as a valid tag bit to insure a valid compare 
miss or hit . It should be noted that a valid write 
cycle is not allowed during a reset cycle (W = LOW, 

S =LOW, RS =LOW, and Chip Enable is true). The 
state of the data outputs is deterf!!!n~_d by the input 
control logic pins : Chip Enable, S, G, and W (see 
truth table). Should a reset occur during a valid 
compare cycle, and the CDQo valid tag bit is set to 
a logic "1 ", then Cx will go LOW at tRsL-CL from the 
falling edge of RS. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Reset Cycle Timing) (0°C :5 TA :5 70°C; Vee= 5V ± 5%) 

Symbol 
Parameter 

STD ALT 

tRLSL-AV tRSC Reset Cycle Time 

tRSL-RSH tRSW Reset pulse Width 

tRSL-CL tRSCL 
RS LOW to Compare Output 
LOW 

tRSH-AV tRSR Address Recovery Time 

tRSH·EV tRSR Chip Enable Recovery Time 

FORCE HIT AND FORCE MISS 

The MK4202 can force either a miss or hit condition 
on ti:!!LCO and C1 outputs by asserting MO, M1 or 
HO, H1 LOW. A Force Miss overrides a Force Hit 
condition and is not dependent upon Compare 

-17 -20 -25 
Unit Note 

Min. Max. Min. Max. Min. Max. 

20 25 30 ns 

20 25 30 ns 

0 

0 

20 25 30 ns 

0 0 ns 

0 0 ns 

Output Enables (CGx) (see truth table). The CO and 
C1 outputs w!!!..go HIGH within tHLeH from the falling 
edge of HO, H1 or CO and C1 will JE LOW within 
tMLCL frorlJ...!!le falling edge of MO, M1. All MO, M1 
and HO, H1 inputs must be HIGH during a valid 
compare cycle. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Force Hit or Miss Cycle Timing) (0°C :5 TA :5 70°C; Vee = 5V + 1 0%) -

Symbol -17 -20 -25 
Parameter Unit Note 

STD ALT Min. Max. Min. Max. Min. Max. 

tHLCH tHA Hx to Force Hit Access Time 8 8 10 ns 

tHHCZ tHHZ Hx to Compare High-Z 5 5 8 ns 

tHL·CGX tHs Force Hit to CGx Don't Care 2 2 2 ns 

tHH-CGH tHR Force Hit to CGx Recognized 2 2 2 ns 

tMLCL tMA Mx to Force Miss Access Time 8 8 10 ns 

tMHCZ tMHZ Mx to Compare to High-Z 5 5 8 ns 

tML-CGX tMs Force Miss to CGx Don't Care 2 2 2 ns 

tMH-CGH tMR 
Force Miss to CGx 
Recognized 2 2 2 ns 

tMLHX tMHS Force Miss to Hx Don't Care 2 2 2 ns 

tMHHH tMHR Force Miss to Hx Recognized 2 2 2 ns 

14/19 

738 



MK4202 

Figure 14. Reset Cycle 

WRITE 

----------------------~~~----_-_-____ t_A_v_A_v __________ ~---------* VALID ADDRESS * ADDRESS 

~~tAVSL 
~ tAVWL 

FttSHAX-
tWHAX _ 

~"' '"" '"ecc "m" ~ 
f---i-lEVSL 1- tSHEX 

f---1--tEVWL ~ tWHEX 

1--- tSLSH 

'fl//1 

1---tWLWH_ 

'fl//1 
"---- tRSL-AV _ 

1--- tRSL-RSH _ 

RS 

tRSH-AV~ tSHDX 

tRSH-EV~ tWHDX 
1-- tDVSH __ 

1-- tDVWH --

Cx DATA IN 

VR001047 

Note: Reset dunng an act1ve wnte cycle is not allowed. A write cycle may disrupt Reset, but will not damage devcie. 

Figure 15. Valid Compare- Reset 

r """" J 
~RSL-CL~ 

VALID COMPARE 1'-------------------------------------

RS 

VR001048 

Note : CDQO is presumed to be HIGH. 
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MK4202 

Figure 16. Force Hit Force Miss 

W////////;. :(//////////////); 

tHL-CGX --_tML-CGX 

tHH-CGH ~tMH-CGH 

~ 

tMLHX 
!MHHI-L 

tMLCL 

tHLCH 1- tMHCZ _ 

r 
:._ tHHCZ I 

VoH VALID MISS VALID HIT 
VoL 

VR001049 

Figure 17. Late Write- Hit Cycle 

~"' '~'c "'""' c"'"" 
tEVCV _ f-- tEXCZ I 

tEVCX - f----- -1- t E XC( 

tWLCH twHdx 

CG X 

1- tCGL-CV _ tCGH-CZ 

tCGL
1
-CX tcc_~-cx 

~ HIT ~ C X 

VR001068 

Note: G 1s HIGH and a Valid Address IS present, Hx and Mx are both assumed to be HIGH, With CGx LOW. 
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MK4202 

Figure 18. Compare- Write Hit- Compare Cycle 

w 

tWLCX 

C X VALID COMPARE HIT COMPARE 

VR001059 

Note: G is HIGH and a Valid Address is present, Hx and Mx are both assumed to be HIGH, with CGx LOW. 

Figure 19. Late Read- Hit Cycle 

TRUE CHIP ENABLE PATTERN 

1---- tEVCV _ - \EXCZ I 
1-- \EVCX _ \EXCX 

I 

tGACH tGHdx 

CG x 

_ \CGL-CV _ \CGH-CZ 

\CGL-CX ·-1-- tCGH-CX 
I .I 

Kliil ~ 
VR001070 

Note: G is HIGH and a Valid Address is present, Hx and Mx are both assumed to be HIGH, with CGx LOW. 
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MK4202 

Figure 20. Compare - Read Hit - Compare Cycle 

-
w --------

IGLCH_ 1--IGHCV I 
_tGLCX_ ~tGHCX 

C X VALID COMPARE 'I I/ HIT l\\\\{ COMPARE 

VROOID71 

- - - -
Note: W is HIGH and a Valid Address 1s present, Hx and Mx are both assumed to be HIGH, w1th CGx LOW. 

Figure 21. Early Write - Hit Cycle 

w L.~CLl 1 tWHCX 

CG 

Lmc'1 
X 

t t tCGL-CV 

ex 
VOH 

HIT 

VR001072 

Note: G is HIGH and a Valid Address is present, (EO· E3) =True. Hx and Mx are both assumed to be HIGH 

Figure 22. Early Read - Hit Cycle 

G 

L,"c"l 1 tGHCX 

CG 
X 

t r.""""1 r tCGL-CV 

ex 
VOH 

HIT 

VR001073 

Note: W is HIGH and a Valid Address is present, (EO- E3) =True. Hx and Mx are both assumed to be HIGH. 
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MK4202 

ORDERING INFORMATION 

Example: MK4202 Q 17 

~J~L 
I 

Package Speed 

Q PLCC68 17 17ns 

20 20ns 

25 25ns 

For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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MK62486 

VERY FAST CMOS 32K x 9 CACHE BRAM 

• 32K x 9 CMOS SYNCHRONOUS BURSTSRAM 

• FAST CYCLE TIMES: 25, 30ns 

• FAST ACCESS: 19, 24ns Max 

• ON-BOARD BURST COUNTER 

• INPUT REGISTERS (ADDR.,DATA,CTRL) 

• SELF-TIMED WRITE CYCLE 

• THREE STATE COMMON 1/0 

• HIGH OUTPUT DRIVE CAPABILITY 

• ASYNCHRONOUS OUTPUT ENABLE (G) 
• BURST CONTROL INPUTS: ADSP, ADSC, ADV 

• DUAL CHIP SELECTS FOR EASY DEPTH 
EXPANSION 

PIN NAMES 

AO-A14 Address Inputs 

DQO-DQB Data Inputs/Outputs 

K Clock 

w Write Enable 

G Output Enable 

so Chip Select, Active High 

S1 Chip Select, Active Low 

ADSP Address Status Processor 

ADSC Address Status Cache Ctrl. 

ADV Burst Address Advance 

RES Reserve, Tied Low 

Vee, GND 5 Volts, Ground 

February 1992 

ADVANCE DATA 

PLCC44 (Q) 

Figure 1. Pin Connection 

> {/) (/) u 0 1
0 1(1. 

<.t: <{I<(<(<(~> <( <.( <.( <( 
.--oooo ur----cnrn.-

6 5 4 3 2 1 44 43 42 41 40 

A2 39 All 
A3 38 A12 

A4 37 A13 
AS 10 

A6 11 

GND 12 

DOD 13 

DOl 14 

GND 15 

Vee 16 

002 17 

MK62486 

18 19 20 21 22 23 24 25 26 27 28 

n 0 IVJ r~ u 0 ICl 0 lUi ro 0 ozw>uz (/) oz 
000:::: >o OG 

36 A14 

35 GND 
34 007 
33 D06 
32 GND 

31 vee 
3D DOS 
29 D04 

VA00623 

1/12 
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MK62486 

Figure 2. Block Diagram 

A, • 

• • • 
A2 

A' 
Ao 

K 

ADV 

ADS c 

ADS P 

s 1 

So 

w 

DESCRIPTION 

9 

The MK62486 BRAM™ is a 288K (294,912-bit) 
CMOS Burst SRAM, organized as 32,768 words x 
9 bits. It is fabricated using SGS-Thomson's low 
power, high performance, CMOS technology. The 
device integrates a 2-bit burst counter, input regis­
ters, high output drive capability, and high speed 
synchronous SRAM onto a single chip. The syn-chron­
ous design provides precise control using an exter­
nal clock (K) input. The MK62486 is specifically 
adapted to provide a burstable, high performance 
secondary cache for the i486TM microprocessor. 

The MK62486 is available in a 44 pin plastic leaded 
chip-carrier (PLCC). The device provides multiple 
power and ground pins to reduce effects induced 
by output noise for high performance applications. 
Separate power and ground pins (Vcco and GNDo) 
have been employed for DOo.a to allow output 
levels referenced to 5 Volts or 3.3 Volts. The main 
Burst SRAM power requires a single 5V ± 5% 
supply, and all inputs and outputs are TTL compat­
ible. 

2/12 
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32K x 9 MEMORY ARRAY 

A1 

AO 

9 

INPUT 

REGISTER 

DEVICE OPERATIONS 

1294,912 BITS) 

9 

VR001075 

Addresses (AO-A14), data inputs (DQ0-008), and 
control signals, with exception of Output Enable 
(G), are clock controlled inputs through non-invert­
ing, pos-itive edge triggered registers. A cache 
burst address sequence can be initiated by either 
ADSP (Address Status Processor) or ADSC (Ad­
dress Sta-tus Cache Controller) inputs, with sub­
sequent burst addresses being internally 
generated by the Burst SRAM. The ADV input 
(burst address advance) provides control of the 
burst sequence, which imitates the i486 cache 
burst address sequence. Once a cache burst cycle 
begins, the subsequent burst address is generated 
internally each time the ADV input is asserted at 
the rising edge of the clock (K) input. The burst 
counter operates in the same manner for either 
cache burst write or read cycles. 

The ADSP and the ADSC inputs control the start 
and the duration of the burst sequence respec­
tively. Each time either address status input is 
asserted low, a new external base address is reg­
istered on the positive going edge of the clock (K). 



ASYNCHRONOUS TRUTH TABLE 

Mode G DQ Status 

Read L Data Out 

Read H High-Z 

Write(21 X Data In (High-Z) 

Deselect X High-Z 

Notes: 
1. X= Don't Care. 
2. For a cache write cycle followrng a read operatron, G must be 

high before the mput data requrred set-up trme, and be held high 
through the input data hold trme. 

SYNCHRONOUS TRUTH TABLE 

so 51 ADSP ADSC ADV w 

L X L X X X 

X H H L X X 

H L L X X X 

H L H L X L 

H L H L X H 

X X H H L L 

X X H H L H 

X X H H H L 

X X H H H H 

Notes: 
I. X = Don't Care. 

K 

i 

i 

i 

i 

i 

i 

i 

i 

i 

MK62486 

BURST COUNT SEQUENCE 

External Address A14-A2 A1 AO 

1st Burst Address A14-A2 A1 AO 

2nd Burst Address A14-A2 A1 AO 

3rd Burst Address A14-A2 A1 AO 

Note :The burst count sequence wraps around to the rnitial address 
after a full count is completed. 

Address Operation 

N/A Deselected 

N/A Deselected 

External Base Address Read Cycle - Begin 
Burst 

External Base Address Write Cycle - Extend 
Burst 

External Base Address Read Cycle - Extend 
Burst 

Advance Burst Address Write Cycle - Continue 
Burst Sequence 

Advance Burst Address Read Cycle - Continue 
Burst Sequence 

Hold Current Burst Write Cycle - Suspend 
Address Burst Sequence 

Hold Current Burst Read Cycle - Suspend 
Address Burst Sequence 

2. Allrnputs except G requrre set-up and hold trmes to the nsrng edge (low to hrgh transrtion) of the external clock (K). 
3. All read and wnte trmrngs are referenced from G or K. 
4. A read cycle rs defined by W hrgh or ADSP low for the required set-up and hold times. A write cycle is defined by W being asserted low 

for the set-up and hold trmes 
5. G rs a don't care when W is regrstered low from the previous rising clock edge. 
6 Chip Selects must be true (SO = high, 81 = low).at..eat:h risinrulf the clock while ADSP or ADSC is asserted for the device to remain 

enabled; Chrp Selects are regrstered whenever ADSP or ADSC is asserted low at the nsing edge of the clock. 
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MK62486 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

v, Voltage on any Pin Relative to Ground -0.5 to 6 v 

TA Ambient Operating Temperature o to 70 oc 

TsTG Storage Temperature -65 to 150 oc 

Po Power Dissipation 1.2 w 
lour Output Current 20 rnA 

Notes: 

1. Thts is a stress ratrng only and functional operation of the devtce at these or any other conditions above those indicated 1n the ope rattan 
sections of thts specification is not implied. Exposure to absolute maxrmum rating conditions for extended periods of time may affect 
reliability. 

2. Output current absolute maximum rating is specified for one output at a time, not to exceed a duration of 1 second. 

RECOMMENDED DC OPERATING CONDITIONS 
(0 oc :5 T A :5 + 70 °C) 

Symbol Parameter 

Vee Supply Voltage 

GND Ground 

V1H Logic 1 All Inputs 

V1L Logic 0 All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(0 oc :5TA:'> +70 oc; Vee= 5V±5%) 

Symbol Parameter 

lcc1 
Average AC Power Supply Current (G = SO = V1H, S 1 = 
V!L). All inputs= V1L = OV and V1H ~ 3V 

Iss TTL Standby Current (SO= V1L, S1 =Vi H) 

-

lss1 CMOS Standby Current (SO s 0.2V, S1 ~Vee- 0.2V) 

lu Input Leakage Current (Any Input) 

lw Output Leakage Current 

VoH Output Logic 1 Voltage (loH = -4.0mA) 

VoL Output Logic 0 Voltage (loL = BmA) 

4/12 
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Min. Typ. Max. 

4.75 5 5.25 

0 0 0 

2.2 3 Vee+ 0.3 

-Q.3 0.2 0.8 

Min. Max. Unit 

160 rnA 

40 rnA 

30 rnA 

-1 1 J.lA 

-1 1 I! A 

2.4 v 
0.4 v 

Unit 

v 

v 

v 

v 

Note 

4 

5 

6 

2 

2 

1 

1 



CAPACITANCE 
(TA = 25 °C, f = 1MHz) 

Symbol Parameter 

c1 Input Capacitance on all pins (except DQ) 

Co Output Capacitance 

Notes: 
1. All voltages referenced to GND. 

2. Measured w1th GND s V s Vee and outputs deselects. 

3. Output buffers are deselected. 

4. lcc1 measured as average AC current. with outputs open, 
Vee max, IKHKH min duty cycle 100%. 

5. All other inputs at VIL or VIH, I= 0, Vee max. 

AC TEST CONDITIONS 

Parameter 

Input Levels 

Transition Time 

Input and Output Signal Timing Reference Level 

Ambient Temperature 

Supply Voltage 

Figure 3. Equivalent Output Load Circuits 

+5.0 v 

480 ohms 

DEVICE 
UNDER ~-11--------------, 
TEST 

85 pF * 

i< INCLUDES SCOPE AND TEST JIG 
V~J~~J76 

MK62486 

Typ. Max. Unit Notes 

4 5 pF 7 

8 10 pF 3, 7 

6. All other mputs;, Vee- 0.2 or s GND +0.2, f = 0, Vee max. 

7. Capacitances are sampled and not 100% tested. 

8. For proper operation the RES input should be tied to ground. 

Value Unit 

0 to 3 v 

1.5 ns 

1.5 v 
0 to 70 oc 
5± 15 % 

+5.0 v 

480 ohms 

DEVICE 
UNDER ~~~-------------. 
TEST 

255 ohms 5 pF ·" 

-=- (8) 

-'J.: INCLUDES SCOPE AND TEST JIG 
VC10JIU77 
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MK62486 

READ/WRITE CYCLE TIMING - AC OPERATING CONDITIONS AND CHARACTERISTICS 
(oac s TA s 70°C; Vee= 5V ± 5%) 

-19 -24 
Symbol Parameter Unit 

Min. Max. Min. Max. 

tKHKH Cycle Time 25 30 ns 

tKHQV Clock Access Time 19 24 ns 

tKHKL Clock High Pulse Width 9.5 11 ns 

tKLKH Clock Low Pulse Width 9.5 11 ns 

tGLQV Output Enable Access Time 8 9 ns 

IKHOX Clock High to Output Active 3 3 ns 

tGLQX Output Enable to Output Active 0 0 ns 

tKHQX2 Clock High to Q Active (Low-Z) 3 3 ns 

IKHQZ Clock High to Q High-Z 12 15 ns 

tGHQZ Output Disable to Q High-Z 8 9 ns 

tAVKH Address Set-up Time 3 3 ns 

tAOSVKH Address Status Set-up Time 3 3 ns 

IDVKH Data In Set-up Time 3 3 ns 

twvKH Write/Read Set-up Time 3 3 ns 

tADVVKH Address Advance Set-up Trme 3 3 ns 

tsoVKH Chip Select 0 (SO) Set-up Time 3 3 ns 

ts1VKH Chip Select 1 (S1) Set-up Time 3 3 ns 

tKHAX Address Hold Time 2 2 ns 

tKHADSX Address Status Hold Time 2 2 ns 

tKHDX Data In Hold Time 2 2 ns 

tKHWX Write/Read Hold Time 2 2 ns 

tKHADVX Address Advance Hold Time 2 2 ns 

IKHSOX Chip Select 0 (SO) Hold Time 2 2 ns 

tKHS1X Chip Select 1 (S1) Hold Time 2 2 ns 

Notes: 
1. Measured wrth load as shown in F1gure 3A. 

Note 

1 

1 

1 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

2. ~~~~lion is measured± 500 mV from steady-stage voltage with load as shown in Figure 38. This parameter JS sampled and not 100% 

3. This is a synchronous device requiring that all inputs must meet the specified set-up and hold times with stable log1c levels for all rising 
edges of the clock input (K). 
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DEVICE OPERATIONS (Continued) 
When ADSP is asserted low, any ongoing burst 
cycle is i!}!_errupted, and a read operation (indepen­
dent of W and ADSC) is performed at the new 
registered external base address. A new burst cycle 
is initiated each time ADSP is asserted. By assert­
ing ADSC low, the present burst cycle (initiated by 
ADSP) is interrupted and an extended bu.!:§t read 
or write (depending upon the logic state of W at the 
rising edge of K) is performed at the new registered 
base address. Chip selects (SO and S1) are only 
sampled when a new base address is loaded. 
Therefore, the chip selects are registered when 
either address status input is asserted low at the 
rising edge of the clock (K), and remain latched 
internally until the next assertion of either ADSP or 
ADSC. The MK62486 Truth Tables and timing dia­
grams reference specific device operations. 

It should be noted that the MK62486 allows a 
non-burst mode of operation where ADSP is the 
ADS# of the i486 processor in a 2-2 cycle mode of 
operation, and ADSC is held high during T2 (see 
Figure 4). However, the non-burst mode obviously 
negates the advantage of the internal burst counter 
for fast cache fill operations. In either mode (burst 
or non-burst), the write cycles are internally self-

MK62486 

timed, and are initiated by the rising edge of the 
clock input. Self-timed write cycles eliminate com­
plex off-chip write pulse generation providing more 
flexibility for incoming signals. 

The ADV input controls subsequent burst data 
accesses after the first data of the burst cycle is 
processed. Each time ADV is asserted low for 
subsequent bursts at the rising edge of the clock 
input, the burst counter is advanced to the next 
burst address sequence. The address is advanced 
before the operation. Wait states can be inserted 
during burst cycles by holding the ADV pin high 
during positive clock transitions. Upon completion 
of the full internal burst count, the address will 
wrap-around to its initial base address 

GENERAL APPLICATION 

The MK62486 is organized using the ninth bit as 
the parity bit to support byte parity. Since the i486 
processor provides on-board parity generation and 
checking, the ninth bit of the cache Burst SRAM 
can be passed to one of the DPO-DP3 pins of the 
microprocessor. Thus the MK62486 provides an 
architecture for building a 32K x 32-bit burstable 
data cache SRAM array, with byte parity, by using 
four devices in a 128K byte cache application. 

Figure 4. General 128K Byte Cache Block Diagram 

,...----

00-31 ~--------------------~----4 ~ 
DP0-3 

A2-31 

i486 

1 + 15 
MK62486 

-"'L:______ AOOR 0 j- AOOR. 

32 

TM ~ A~SP 000·7 1-
LT_A_GR_A_M__r r- ADSC 008 l+l+-,L4~ 

ADV 

CONTROL 

WRITE 
READ 

CONTROL 

1--- GLOBAL 

I----
MEMORY 

BUS 

INTF. 

i 
ADS# ~==============~rt--_Ll ____________ -1L____~L_ ____ ~ 
CLK 

ROY # l-__l---r------'-'----C..., 
BRDY" CACHE CONTROLLER 

BLAST tt 1------L----l LOGIC 

VROOI078 
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MK62486 

Figure 5. Non-Burst Read/Write 2-2 Cycles 

PROCESSOR 

CLK STATE 

CLK 

ADSp 

ADSc 

ADDR. 

w 

S1 
(SO= VI H) 

ADV 

G 

Q 

T1 

Note : Non-Burst 2-2 Bus Cycle 
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T2 T1 T2 

READ WRITE 

A2 

K486R01 



Figure 6. Burst Read Cycle 

Tt 

Begm Burst 

K 

w 

St 
(SO=VIH) 

ADV 

G 

DQ 

T2 

(At) 

T2 T2 

(At) 

T2 T2 T2 T2 

Suspend Burst 

(At) (At) (A2) (A2) 

MK62486 

Tt 

(A2) 

BRAMBR2 
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MK62486 

Figure 7. Burst Write Cycle 

K 

T1 

Begin Burst 

ADSp 

ADSc 

w 

so 
(S1=VIL) 

ADV 
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T2 

(A1) 

T2 T2 

Extend Burst 

(A1) (A2) 

T2 T2 

(A2) (A2) 

T2 T2 

(A2) (A2) 

T2 

Extend Burst 

(A3) 

K486BW02 



Figure 8. Combined Burst Read/Write Cycle 

K 

w 

G 

T1 

Begin Burst 

T2 

Notes: SO= h1gh, S1 =low. 

T2 T2 

(A1) (A1) 

T2 T2 

Continue Burst 

(A1) (A1) 

T2 

(A1) 

T2 

MK62486 

(A1) 

BWRK486 
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MK62486 

ORDERING INFORMATION 

Example: MK62486 Q 19 

Q PLCC44 19 19ns at 40MHz 

24 24ns at 33M Hz 

For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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MK62940 

VERY FAST CMOS 32K x 9 CACHE BRAM 

• 32K x 9 CMOS SYNCHRONOUS BURST SRAM 

• FAST CYCLE TIMES: 25, 30ns 

• FAST ACCESS: 19, 24ns Max 

• ON-BOARD BURST COUNTER 

• INPUT REGISTERS (ADDR.,DATA,CTRL) 

• SELF-TIMED WRITE CYCLE 

• THREE STATE COMMON 1/0 

• LATE WRITE ABORT FEATURE 

• ASYNCHRONOUS OUTPUT ENABLE (G) 

• BURST CONTROL INPUTS: TSP, TSC, BAA 

• DUAL CHIP SELECTS FOR EASY DEPTH 
EXPANSION 

PIN NAMES 

AO-A14 Address Inputs 

DQO-DQB Data Inputs I Outputs 

K Clock 

w Write Enable 

G Output Enable 

so Chip Select, Active High 

S1 Chip Select, Active Low 

TSP Transfer Start Processor 

TSC Transfer Start Cache Ctrl. 

BAA Burst Address Advance 

Vee, GND 5 Volts, Ground 

RES Reserve, lied High 

February 1992 

ADVANCE DATA 

PLCC44 (Q) 

Figure 1. Pin Connection 

I<Ciulo_ u o ..---O<((f)UJ ur---.com~ 
<(<(ffif-f-:,C><(<(<(<( 

6 5 4 3 2 1 44 43 42 41 40 

A2 39 A 11 

A3 38 A12 

A4 TI A13 
AS 10 36 A14 
A6 11 35 GND 

GND 12 MK62940 34 DQ7 
DQO 13 33 DQ6 
001 14 32 GND 

GND 15 31 vee 
Vee 16 30 DOS 
QD2 17 29 DQ4 

18 19 20 21 22 23 24 25 26 27 28 

VA00624 
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MK62940 

Figure 2 Block Diagram 

A,. - ADDRESS • • REGISTERS A2-A14 • 
A2 -
A, -
Ao -

lr> t BINARY a: I COUNTER 

K 
- r CLR 

aoj 
ADV 

~D r ADS c 
./ 

ADS P -

- ~ENABLE t s, :C)- REGISTER 
So 

WRITE J 
- ~EGISTER w ---{) 

G 
9L 

DO - DO / 0 8 

DESCRIPTION 

The MK62940 BRAM™ is a 288K (294,912-bit) 
CMOS Burst SRAM, organized as 32,768 words x 
9 bits. It is fabricated using SGS-THOMSON's low 
power, high performance, CMOS tech~ology. T~e 
device integrates a 2-bit burst counter, 1nput regis­
ters high output drive capability, and high speed 
syn~hronous SRAM onto a single chip. ~he synchro­
nous design provides precise control u.s1ng an .~xter­
nal clock (K) input. The MK62940 IS spec1f1cally 
adapted to provide a burstable, high performance 
secondary cache for the MC68040 microprocessor. 

The MK62940 is available in a 44 pin plastic leaded 
chip-carrier (PLCC). The device is pin compatible 
and functional equivalent to the Motorola 
MCM62940, but employs a single power supply 
design. The main Burst SRAM power. (Vee) re­
quires a single 5V ± 10% supply, and all mputs and 
outputs are TTL compatible. 

DEVICE OPERATION 

Addresses (AO-A 14). data inputs (DQ0-008), and 
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32K x 9 MEMORY ARRAY 

(294,912 BITS) 

) 
A1 

~) 
AO 

/ ~ /~ 

INPUT 

REGISTER 

J )-> 

- 51-
./ 

VROOID75 

control signals, with exception of Output Enable_(G) 
are clock controlled inputs through non-inverting, 
positive edge triggered registers. A cache burst 
address sequence can be initiated by either TSP 
(Transfer Start Processor) or TSC (Transfer Start 
Cache Controller) inputs, with subsequent burst 
addresses being internally generated by the Burst 
SRAM. The BAA input (Burst Address Advance) 
provides control of the burst sequence, which imi­
tates the required MC68040 cache burst address 
sequence. A cache burst cycle begins by loading 
the internal counter with the present values of A 1 
and AO. Thereafter, subsequent burst addresses 
are generated internally. The burst counter oper­
ates in the same manner for either cache burst 
write or read cycles. 

The TSP and the TSC inputs control the start of the 
burst sequence. When either TSx is asserted low 
at the rising edge of the clock, any ongoing burst 
cycle is interrupted and a new external base ad­
dress is registered. Chip selects (SO and S1) are 
only sampled when a new base address is loaded. 



ASYNCHRONOUS TRUTH TABLE 

Mode G DQ Status 

Read L Data Out 

Read H High-Z 

Write12l X High-Z 

Writel2l X Data In 

Deselect X High-Z 

Note: 
t. X= Don't Care. _ 
2. For a cache wnte cycle following a read operation, G must be high 
before the input data required set-up t1me, and be held high through 
the input data hold time. 

SYNCHRONOUS TRUTH TABLE 

so S1 TSP TSC BAA w 
L X L X X X 

X H H L X X 

H L L X X X 

H L H L X L 

H L H L X H 

X X H H L L 

X X H H L H 

X X H H H L 

X X H H H H 

Notes: 
t. X= Don't Care. 

K 

i 

i 

i 

i 

i 

i 

i 

i 

i 

MK62940 

BURST COUNT SEQUENCE 

A1, AO = 
ro,oj 

1 '1 0,1 

L1 o.J 
' 

Note : The external values for At, AO are the starting point for the 
burst sequence graph. The burst counter will internally advance At 
and AO as shown After the counter reaches a full count from the 
initial value, the address will wrap around. 

Address Operation 

N/A Deselected 

N/A Deselected 

External Base Address 
Read Cycle - Begin 
Burst 

External Base Address 
Write Cycle - Extend 
Burst 

External Base Address 
Read Cycle - Extend 
Burst 

Advance Burst Address 
Wnte Cycle - Continue 
Burst Sequence 

Advance Burst Address 
Reade Cycle - Continue 
Burst Sequence 

Hold Current Burst Write Cycle - Suspend 
Address Burst Sequence 

Hold Current Burst Read Cycle - Suspend 
Address Burst Sequence 

2. All Inputs except G require set-up and hold times to the nsmg edge (low to high transition) of the external clock (K). 

3 All read and write timings are referenced from G or K. 
4. A read cycle is defined by W high or TSP low for the required set-up and hold t1mes. A write cycle is defined by W being asserted low for 

the set-up and hold times. 

5. G is a don't care when W is registered low from the previous rising clock edge. 
6. Chip Selects must be true (SO= high, St = lo\\l)_&_each rising of the clock while TSP or TSC IS asserted for the dev1ce to rem am enable; 

Chip Selects are registered whenever TSP or TSC is asserted low at the rising edge of the clock. 

7. Chip Selects must be true (SO= high, Sf= low)-'l!Jl.ach rising of the clock while TSP or TSC is asserted for the the dev1ce to remain 
enabled; Chip Selects are registered whenever TSP or TSC IS asserted low at the nsmg edge of the clock. 
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MK62940 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

v, Voltage on any Pin Relative to Ground -0.5 to 6 v 

TA Ambient Operating Temperature Oto 70 oc 

TsTG Storage Temperature -65to 150 oc 

Po Power Dissipation 1.2 w 

louT Output Current 20 mA 

Note : Th1s 1s a stress rat1ng only and functional operation of the dev1ce at these or any other conditions above those ind1cated in the operation 
sect1ons of th1s speCification 1s not 1mplied. Exposure to absolute maximum rating cond1t10ns for extended periods of t1me may affect reliability 

RECOMMENDED DC OPERATING CONDITIONS 
(0°C:;:; TA:;:; +70°C) 

Symbol Parameter 

Vee Supply Voltage 

GND Ground 

V1H Log1c 1 All Inputs 

V1L Logic 0 All Inputs 

GNDa Output Ground 

Note : 1. All voltages referenced to GND. 

DC ELECTRICAL CHARACTERISTICS 
(0°C::;; TA:;:; +70°C, Vee= 5V ± 5%) 

Symbol Parameter 

Min. 

4.75 

0 

2 

-0.3 

0 

lee1 
Average AC Power Supply Current (G = SO = V1H, S1 = 
ViL). All inputs= V1L = OV and V1H 2: 3V 

Iss TTL Standby Current (SO= V1L, S1 = ViH) 

lss1 CMOS Standby Current (SO~ 0.2V, 81 <:Vee- 0.2V) 

lu Input Leakage Current (Any Input) 

ILO Output Leakage Current 

VoH Output Logic 1 Voltage (loH = - 4rnA) 

VoL Output Logic 0 Voltage (loL = 8rnA) 
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Typ. Max. Unit Note 

5 5.25 v 
0 0 v 
3 Vee+ 0.3 v 

0.2 0.8 v 
0 0 v 1 

Min. Max. Unit Note 

160 mA 4 

40 rnA 5 

30 rnA 6 

-1 1 (.lA 2 

-1 1 j.tA 2 

2.4 v 1 

0.4 v 1 



CAPACITANCE 
(TA = 25°C, f = 1.0MHz) 

Symbol Parameter 

c, Input Capacitance on all pins (except DQ) 

Co Output Capacitance 

Notes: 

1 All voltages referenced to GND. 

2 Measured w1th GND,; V,; Vee and outputs deselects. 

3. Output buffers are deselected. 

4. Icc• measured as average AC current, w1th outputs open, 
Vee max, tKHKH lmool duty cycle 100% 

AC TEST CONDITIONS 

Parameter 

Input Levels 

Transition Time 

Input and Output Signal Timing Reference Level 

Ambient Temperature 

Supply Voltage 

Figure 3. Equivalent Output Load Circuits 

480 ohms 

85 pF . 

IAI VR0cl1076 

Note: • INCLUDES SCOPE AND TEST JIG 

MK62940 

Typ. Max. Unit Notes 

4 5 pF 7 

8 10 pF 3, 7 

5. All other inputs at v,L or v,H, f = 0, Vee m~. 

6. All other inputs;, Vee- 0.2 or,; GND +0.2, f = 0, Vee m~ 

7. Capacitances are sampled and not 100% tested. 

8. For proper operation RES must be tied low. 

Value Unit 

0 to 3 v 
1.5 ns 

1.5 v 

0 to 70 oc 

5±5% v 

480 ohms 

5 pF • 

IBI VMJ01077 
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MK62940 

DEVICE OPERATIONS (Continued) 

Therefore, the chip selects are registered when 
either transfer start input is asserted low at the 
rising edge of the clock (K), and remain latched 
internally until the next assertion of either TSP or 
TSC. The MK62940 Truth Tables and timing dia­
grams reference specific device operations. 

It should be noted that the MK62940 allows a 
non-burst mode of operation where TSP is the TS 
pin of the MC68040 processor i~pical 2 clock 
cycle mode of operation, and TSC is held high 
during C2 (see Figure 5). However, the non-burst 
mode obviously negates the advantage of the 
internal burst counter for fast cache fill operations. 
In either mode (burst or non-burst), the write cycles 
are internally self-timed, and are i~iated by the 
rising edge of the clock input when W is low. 

The BAA input controls subsequent burst data 
accesses after the first data of the burst cycle is 

processed. Each time BAA is asserted low for 
subsequent bursts at the rising edge of the clock 
input, the burst counter is advanced to the next 
burst address sequence. The address is advanced 
from the rising edge of K. Wait states can be 
inserted during burst cycles by holding the BAA pin 
high during positive clock transitions. Upon com­
pletion of the full internal burst count, the address 
will wrap-around to its initial base address. 

GENERAL APPLICATION 

The MK62940 is organized as 32K x 9 bit words to 
support byte parity. By incorporating TAGRAMTM 
with a 15 bit tag field and a 15 bit index address, a 
cache address scheme of 30 bits is monitiored. The 
TAGRAM in addtion to the MK62940 provides an 
architecture for building a 32K x 32-bit burstable 
data cache SRAM array, with byte parity, by using 
four devices in a 128K byte cache application. 

Figure 4. General 128K Byte Cache Block Diagram 
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TAGRAMTM 

______. AOOR. 
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CLK 
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---+BAA 000·7 
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READ GEN./ CHK 
CONTROL 

CONTROL ~--t----------1 

BUS 
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READ/WRITE CYCLE TIMING - AC OPERATING CONDITIONS AND CHARACTERISTICS 
(0°C:::; TA:::; +70°C, Vee= 5V ± 5%) 

-19 -24 

MK62940 

Symbol Parameter Unit Note 
Min. Max. Min. Max. 

tKHKH Cycle Time 25 30 ns 

IKHQV Clock Access Time 19 24 ns 1 

tKHKL Clock High Pulse Width 9.5 11 ns 

tKLKH Clock Low Pulse Width 9.5 11 ns 

tGLQV Output Enable Access Time 8 9 ns 1 

tKHQX Clock High to Output Active 5 5 ns 2 

tKHOX1 Clock High to Output Active after Write 3 3 ns 2 

tGLQX Output Enable to Output Active 0 0 ns 2 

tKHOZ Clock High to Q High-Z 12 15 ns 2 

tGHQZ Output Disable to Q High-Z 8 9 ns 2 

tAVKH Address Set-up Time 3 3 ns 3 

hsvKH Transfer Start Set-up Time 3 3 ns 3 

tovKH Data In Set-up Time 3 3 ns 3 

tswvKH Write/Read Set-up Time 3 3 ns 3 

tBAVKH Burst Address Advance Set-up Time 3 3 ns 3 

tsoVKH Chip Select 0 (SO) Set-up Time 3 3 ns 3 

ts1VKH Chip Select 1 (S1) Set-up Time 3 3 ns 3 

tKHAX Address Hold Time 2 2 ns 3 

tKHTSX Transfer Start Hold Time 2 2 ns 3 

tKHDX Data In Hold Time 2 2 ns 3 

tKHWX Write/Read Hold T1me 2 2 ns 3 

tKHBAX Burst Address Advance Hold Time 2 2 ns 3 

tKHWX Asynchronous Write (AW) Hold Time 2 2 ns 3 

tKHSOX Chip Select 0 (SO) Hold Time 2 2 ns 3 

tKHS1X Chip Select 1 (S1) Hold Time 2 2 ns 3 

Notes: 

1. Measured w1th 19ad as shown m F1gure 3A. 

2. Transition is measured± 500 mV from steady-stage voltage w1th load as shown in Figure 36. Th1s parameter IS sampled and not 1 00 % 
tested. 

3. This is synchronous device requiring that all mputs must meet the spec1fled set-up and hold times With stable log1c levels for all ris1ng 
edges of the clock input (K). 
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MK62940 

Figure 5. Typical Non-Burst Read/Write Cycles 

PROCESSOR 
CLK STATE 

CLK 

TS p 

TS C 

w 

81 
(SO= VI H) 

BAA 

G 

Q 

C1 

Note Typ1cal Non-Burst Bus Cycle 

Note :Typical Non-Burst Cycle. AW =Low 
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Figure 6. Burst Read Cycle 

C1 C2 C3 C4 

Begin Burst 

K 

w 

81 
(SO= VI H) 

BAA 

G 

(A1) (A1) 

NOTE : G =HIGH 

C5 C6 C7 Cw 

Suspend Burst 

(A1) (A1) (A2) (A2) 

MK62940 

C1 

(A2) 

BRAMBR29 
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MK62940 

Figure 7. Burst Write Cycle 

K 

Aa· 

w 

C1 

Begin Burst 

so 

(Si"=VIL) 

BAA 

G 

DO 

tDVKH 

(Data IN) 
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C2 

(A1) 

C3 C4 

Extend Burst 

tsoVKH 

(A1) (A2) 

C5 C6 

tKHSOX 

(A2) 

C7 CB 

(A2) (A2) (A2) 

C9 

Extend Burst 

(A3) 

K940BW02 



Figure 8. Combined Burst Read/Write Cycle 

K 

w 

C1 

Begin Burst 

BAA 

G 

DO 

C2 

Notes: SO= high, S1 =low. 

Note: SO= H1gh, S1 = G = Low 

C3 C4 C5 

Suspend Burst 

(A1) (A1) 

cs 
Cont~nue Burst 

(A1) (A1) 

C7 

(A1) 

CB 

MK62940 

(A1) 

BWRK940 
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MK62940 

ORDERING INFORMATION 

Example: MK62940 Q 19 

.-------T 1_, 
Package Speed 

Q PLCC44 19 19ns at 40MHz 

24 24ns at 33M Hz 

For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

12/12 
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MK4505M 
MK4505S 

VERY FAST CMOS 1 K x 5 CLOCKED FIFO 

• FIRST-IN-FIRST-OUT MEMORY BASED 
ARCHITECTURE 

• 1 024 x 5 ORGANIZATION 
• RISING EDGE TRIGGERED CLOCK INPUTS 
• SUPPORTS FREE-RUNNING 40% TO 60% 

DUTY CYCLE CLOCK INPUTS 
• SEPARATE READ AND WRITE ENABLE IN­

PUTS 
• BiPORT RAM ARCHITECTURE ALLOWS 

FULLY ASYNCHRONOUS AND SIMULTA­
NEOUS READ/WRITE OPERATION 

• CASCADABLE TO ANY DEPTH WITH NO AD­
DITIONAL LOGIC 

• WIDTH EXPANDABLE TO MORE THAN 40 
BITS WITH NO ADDITIONAL LOGIC 

• HALF FULL STATUS FLAG 
• FULL AND EMPTY FLAGS, ALMOST FULL, AL­

MOST EMPTY, INPUT READY, OUTPUT 
VALID STATUS FLAGS (4505M) 

DESCRIPTION 

The MK4505 is a Very High Speed 1 K x 5 Clocked 
FIFO memory. It achieves its high performance 
through the use of a pipelined architecture, a 1.211 full 
CMOS, single poly, double level metal process, and 
a memory array constructed using SGS­
THOMSON's 8 transistor BiPOR"fTM memory cell. 

,.· The device is designed for use in applications where 
data is moving through a system on a square wave 
clock ; applications such as digitized video and 
audio, image processing, A-to-O and 0-to-A conver­
sions, high speed data links, Radar return sampling 
or data tracing. 

PIN NAMES 

DO- D4 Data lncuts 

Q0-04 Data Outputs 

CKW, CKR Write and Read Clock 

WE1 Write Enable Input 1 

RE1 Read Enable Input 1 

RS Reset (active low) 

HF Half Full Flaa 

Vee, GND 5 Volts, Ground 

February 1992 

20~ 24~ 
PSDIP20 (N) 

Figure 1. Pin Connections. 

D4 
D3 
D2 
01 

DO 
AE 
RS 
OV 

EF 
RE1 

eKR 
GNO 

04 
03 
02 
D1 

DO 
RS 

RE2 
RE1 

CK2 
GNO 

1 

PSDIP24 (N) 

Vee 
eKW 
WE1 
FF 
DR 
HF 
AF 
04 
03 
02 
01 
QO 

VA00612 

Vee 
eKW 
WE1 
WE2 
HF 
04 
03 
02 
01 
00 

VA00613 
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MK4505M- MK45055 

Figure 2 . Block Diagram. 

5 5 

.l J. 
~ WRITE INPU~I OUTPUT READ ~ 505MI (450 

WRITE BUFFER BUFFER READ 
CONTROL 

ADDRESS ADDRESS CONTROL 
WE2 

~ ~~ 
1K )( S 

~ ~ PRINTER 
BIPORT ARRAY lc-~- PRINTER 

D 

14 

Q 

5M) 

4505SI (45 055) 

~ ~ 
c 
H 

Kw 
F 

F 

D R 

E--------- -----
I 

E--------- -----1 
I 

HF , AF , AE 
--------

FF , EF 
FLAG•LOGIC 

4505M L----
I 

--------~ 

FLAG 1----- ---------> 
LOGIC I 

A F <-------- --- -'i_ ___ f ____ _t----- f---------+ 

RS 
VRDD0356 

DESCRIPTION (Continued) 4505Monly 

4505Sonly 

Write Enable Input 2 

c 

E 

Q v 

A E 

The device is available in two versions; a Master, the 
MK4505M, and a Slave, the MK4505S. The Master 
provides all of the control signals necessary for re­
liable, full speed, fully asynchronous width expan­
sion and/or depth expansion. The Master also 
provides a full compliment of status flags, including 
Output Valid, Empty, Almost Empty, Half Full, Al­
most Full, Full, and Input Ready. The Master cannot 
be written while Full or read while Empty. The Slave, 
in contrast, can be forced to write and/or read con­
tinuously regardless of device status ; a feature use­
ful in triggered data acquisitions, or for retransmit 
(repeat reading) applications. 

Read Enable Input 2 (rising edge 
triggered 3 state control) 
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MK4505M- MK4505S 

ASBOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vt Voltage on any Pin Relative to Ground -1.0 to 70 v 
TA Ambient Operating Temperature 0 to 70 oc 

TsTG Ambient Storage Temperature (plastic) -55 to 125 oc 
Po Total Device Power Dissipation 1 w 

louT Output Current per Pin 25 mA 

Note :Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This 
is a stress ratmg only and functional operatiOn of the devrce at these or other conditions beyond those indrcated in the 
operational section of this spectfication is not implied. Exposure to absolute maxtmum ratmg conditions for extended 
penods of time may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS (0°C :::TA:5+70°C) 

Symbol Parameter Value Unit Note 

Min. Typ. Max. 

Vee Supply voltage 4.5 5 5.5 v 1 

GND Ground 0 0 0 v 1 

VtH Logic 1 input 2.2 Vee+ 1.0 v 1 

VrL Logic 0 input -0.3 0.8 v 1 

Note : 1. All voltages referenced to GND. 

DC ELECTRICAL CHARACTERISTICS (0°C:5 T A::; + 70°C; Vee =5V ±1 0%) 

Symbol Parameter 4505-25 4505-33 4505-50 Unit Note 

Min. Typ. Max Min. Typ. Max Min. Typ. Max 

Icc Average Power Supply 115 140 95 140 75 140 mA 1 
Current 

Symbol Parameter Min. Max. Unit Note 

lrL Input Leakage Current ± 1 ~A 2 

lcL Output Leakage Current ± 10 ~A 2,3 

VoH Logic 1 Output Voltage (louT = -4 mA) 2.4 v 4 

VoL Logic 0 Output Voltage (louT = 8 mA) 0.4 v 4 

Notes : 1. Measured wrth both ports operating at teK Min, 50% duty cycle, outputs open, Vee max Typical values reflectteK Min, outputs 
open, with Vee = 5V, 25°e, with 50% duty cycle. 

2. Measured with V = OV to Vee. 
3. Measured at 00-04, with OV =Low (4505M) ; after clocking with RE2 =Low (4505S). 
4. All voltages referenced to GND. 

CAPACITANCE (TA =25°C, f =1.0MHz) 

Symbol Parameter Value Unit Note 

Min. Typ. Max. 

Ct Input Capacitance 4 5 pF 1 

Cot Output Capacitance 8 10 pF 1,2 

Co2 Output Capacitance 12 15 pF 1,3 

Notes : 1. Sampled, not 100% tested. Measured at 1 MH.b_ _ 
2. Measured at 9Jj_data .1!.Q.d flag outputs except EF and FF. 
3. Measured at EF and FF. 
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MK4505M • MK4505S 

AC TEST CONDITIONS 

Parameter 

l~ut Levels 
Transition Times 

Input and Output Timing Reference Levels 

Ambient Tem___e_erature 

Vee 

Figure 3. Output Load Circuits. 

DEVICE 

UNDER 
TEST 

+ 5V 

Note : • Includes scope and test f1xture. 

READ AND HOLD OPERATIONS 

The device will perform a Read on the next rising 
edge of the Read Clock (CKR) whenever (see Fig­
ure 4): 

_ (45058) RE1 and RE2 are high at the rising 
edge of the clock. 

_ (4505M) RE1 and EF are high at the rising 
edge of the clock. 

Because the device only re-evaluates and updates 
the Empty Flag (EF) on the rising edge of CKR, the 
appearance of an active Empty Flag at valid flag ac­
cess time, tFtA, assures the user that the next rising 
edge of CKR will generate an inhibit condition. All Q 
outputs will be High Z at taz from the rising edge of 
CKR. EF is latched between subsequent read 
clocks. 

The device will perform a Hold Cycle (hold over pre­
vious data) if RE1 is low at the rising edge of the 
clock (CKR). If EF (4505M) or RE2 (45058) is low 
at the rising edge of the clock, then the outputs will 
go to High-Z. 
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Value Unit 

0 to 3 v 
5 ns 

1.5 v 
Oto 70 oc 
5+10% v 

+ 5V 

VR000401 

WRITE OPERATIONS 

The device will perform a Write on the next rising 
edge of the Write Clock (CKW) whenever (see Fig­
ure 5): 

_ (45058) WE1 and WE2 are high at the rising 
edge of the clock. 

_ (4505M) WE1 and FF are high at the rising 
edge of the clock. 

Because the device only re-evaluates and updates 
the Full Flag (FF) on the rising edge of CKW, the ap­
pearance of an active Full Flag at valid flag access 
time, tFtA, assures the user that the next rising edge 
of CKW will generate a No-Op condition. FF is 
latched between subsequent write clocks. 



MK4505M - MK4505S 

MK4505M (Master) WRITE TRUTH TABLE 

CKW Present State Operation Next State 

RS WE1 FF FF Data in 

X 0 X X Reset 1 Don't Care 

1' 1 0 0 No-Op ? Don't Care 

1' 1 0 1 No-Op 1 Don't Care 

1' 1 1 0 No-Op ? Don't Care 

1' 1 1 1 Write ? Data in 

? = Devrce Status is referenced to the "next state" logtc condittons. 
The "next state" flag logic level is unknown due to the possible occurence of a read operat1on. 

MK4505M (Master) READ TRUTH TABLE 

CKR Present State Operation Next State 

RS RE1 EF EF OouT 

X 0 X X Reset 0 HiZ 

1' 1 0 0 Inhibit ? HiZ 

1' 1 0 1 Hold 1 Previous Q 

1' 1 1 0 Inhibit ? HiZ 

1' 1 1 1 Read ? Data Out 

? = Dev1ce Status is referenced to the "next state" flag logic and Oour conditions. 
The "next state" flag logic level IS unknown due to the possible occurrence of a write operation. 

MK4505S (Slave) WRITE TRUTH TABLE 

CKW Present State Operation Next State 

RS WE1 WE2 Data 

X 0 X X Reset Don't Care 

1' 1 0 0 No-Op Don't Care 

1' 1 0 1 No-Op Don't Care 

1' 1 1 0 No-Op Don't Care 

1' 1 1 1 Write Data in 

MK4505S (Slave) READ TRUTH TABLE 

CKR Present State Operation Next State 

RS RE1 RE2 OouT 

X 0 X X Reset HiZ 

1' 1 0 0 Inhibit HiZ 

1' 1 0 1 Hold Previous Q 

1' 1 1 0 Inhibit HiZ 

1' 1 1 1 Read Data Out 
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MK4505M · MK4505S 

RESET 

RS is an asynchronous master reset input. A Reset 
is required after power-up, before first write. Reset 
commences on the falling edge of RS irrespective 
of the state of any other input or output. The user is 
required to observe Reset Set Up Time (tRss) only 
if the device is enabled (see Figure 7). The lRSS spe­
cification is a don't care if the device remains dis-

abled (WE1 = RE1 = LOW). All status f@g_ outputs 
will be valid tRsA from the falling edge of RS, and all 
Q data outputs will be high impedance tRsoz from 
the same falling edge. 

After Reset, if no valid Read operations have been 
performed since Reset, the "previous data" that will 
be output when executing the first Hold cycle will be 
all zeros (see Figure 8). 

AC ELECTRICAL CHARACTERISTICS (TA =0°C to 70°C, Vee= 5V ±1 0%) 

Symbol Parameter 4505-25 4505-33 4505-50 Unit Note 
Min. Max Min. Max Min. Max. 

lcK Clock Cycle Time 25 33 50 ns 1 
lcKH Clock H1gh Time 10 13 20 ns 1 
lcKL Clock Low Time 10 13 20 ns 1 
ts Set Up Time 10 13 16 ns 1 
IH Hold Time 0 0 0 ns 
!A Output (Q) Access Time 15 20 25 ns 1, 2 

IF1A Flag 1 Access Time I?J 15 20 25 ns 1, 2 

IF2A Flag 2 Access Time IB) 20 25 30 ns 1, 2 

loH Output Hold Time 5 5 5 ns 1, 2 

toz Clock to Outputs High-Z 15 20 25 ns 1, 3 
!QL Clock to Outputs Low-Z 5 5 5 ns 1, 3 

IRSS Reset Set Up Time 12 16 25 ns 1, 4 

IRs Reset Pulse Width 25 33 50 ns 
IRSA Reset Flag Access Time 50 66 100 ns 1, 3 

IRSQZ Reset to Outputs High-Z 25 33 50 ns 1, 3 
IFRL First Read Latency 50 66 100 ns 1, 5 
IFFL First Flag Cycle Latency 25 33 50 ns 1, 6 

Notes: 1 All AC Electrical Characteristics measured under conditions specified in "AC Test Conditions··. 
2. Measured w/40pf Output Load (Figure 3A). 
3. Measured w/Spf Output Load (Figure 38). 
4. Need not be met unless dev1ce is Read and/or Wnte Enabled. 
5. M1n1mum f1rst Wnte to first Read delay requ~red to assure valid first Read. 
6. Min1mumJ11:st.YYnte to first Read Clock delay requ~red to assure cleanng the Empty Flag. 
7. Flag 1 = EF. FF, QV, DR. 
8. Flag 2 = AE, AF, HF. 
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Figure 4. Read Cycle Timing. 

PREVIOUS Q 

VR000402 

Note : For this partrcular diagram the EF changes logic states presuming that a valrd WRITE operation has occured prior to the 
rising edge of CKR at t,. 

Figure 5. Write Cycle Timing. 

Cf<y, 

FF 

DR 

f4505MI 

WE, 

1450551 

WE, 

Vfl000403 

Note : For thrs partrcular dragram the FF changes !ogre states presumrng that a valrd READ operation has occured prror to the 
rising edge of CKW at b. 
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Figure 6 . Hold Cycle Timing. 

CK, 

Q 

ov 

Note : EF = HIGH (master) 
RE2 = HIGH (slave) 

READ 

Figure 7. Reset Cycle Timing. 

HOLD READ READ 

D VALID DATA IN )}-----------------------K 

FF , DR 

CK 
w 

RS 

CK 

RE2, EF 

av 

Q 

VALID 

Note : tAss must be met if the device IS read AND/OR write enabled (WE1, RE1 = H1gh). 
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Figure 8. First Hold After Reset. 

t, 
INHIBIT 

t 

AFTER RESET 

4------- tRC G----- tRC } ' tRC _J ~:·~~I 
RS ~----------------------------------------------------

I
' INHIBIT---1 FIRST H~OLD I READ ---1 

'oc~ p jT~ 
l------------------j------------__,----11A t I t VALID DATA OUT 

RE-
0 
--~ ""r I j" -
-~~-~-~~'s_r-__ _ 

EF 14505MI )! 
OR vrCID4C6 

RE2 145055) 

Note : A valid wnte operation is presumed between t1 and t2. 

Figure 9. Almost Empty Flag Timing (4505M only). 

READ 

a 

CK, 

HOLD 

LAST READ BEFORE 
AE 

RE1 I tH ->i~S<-

HOLD 

'-111--,~'""'"''""'"''""'"':TT----1 s------,,...~---~-F2_A_=_J-d-\"'0'0 
AE ~ tF2Al:------------------------------

WRITE >--------< WRITE 
'--------------

VR000407 

Note : 1. This example does not show the hyslensis m the ALMOST FLAGS. 
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Figure 10. Almost Full, Half Full Flag Timing. 

LAST WRITE BEFORE HF OR AF 

D ( VALID 
-----( DATA IN ) ~~::~ ~ 

:/_we:@_W€{ __ '• 

·. ~l= AF,HF _________________ x 
t,,. ----

CK, ----------~ 

RE1 IMASTERI 

RE2 1SLAVEI 

a"'--------------------------{ FIRST READ SINCE 
HF OR AF 

a'~ HOLD PREVIOUS 0 _____________________________ __J 
FIRST READ SINCE 

HF OR AF 

Vfi(J00408 

Notes : 1. Q outputs in Master/Slave Width Expansion (RE2 = EF), or when using MK4505S Slave separately. 
2. Q outputs in Master-to-Master Depth Expansion (RE1 with EF = HIGH), or when using the MK4505M separately. 
3. This example does not show the hysterisis in the ALMOST FLAGS. 

Gating Gating Flag Flag Read Locations Write Locations 
Clock Operation Affected Transition Remaining to Empty Available to Full 

CKR 

1' 
-
1' 
-
1' 
-
1' 
-
i 
-
i 
-

Notes: 
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CKW 

1. 

2. 
3. 

4. 

- READ AE "' a· 1016 
1' WRITE AE "' 10 1014 
- READ AE .... 9 1015 
1' WRITE AE .... 11 1013 
- READ AF "' 1014 10 
1' WRITE AF "' 1016 a· 
- READ AF .... 1013 11 
1' WRITE AF .... 1015 9 
- READ HF "' 510 514 
i WRITE HF "' 512 512* 
- READ HF .... 509 515 
i WRITE HF .... 511 513 

Flag definition to the respective operation and clock. 
All examples are given in reference to the flag transition point, 1n the d.rect1on shown, for the g1ven clock edge and operat1on. 
The flag remams stable as long as the cond1t1on that set or cleared the flag ex1sts 1n the dev1ce. 
The table describes the number of the cycles that can be performed, mcludmg the next nsing edge. 
Remammg Read or Available Write locations at the flag trans1t1on pomt reflects the hystens1s Inherent to the mternal scheme 
that detects the flag status. 
Asynchronous or simultaneous dual port operations at the flag trans1t1on point may result m a false flag status. When thiS 
occurs, the flag 1s evaluated and updated on the subsequent clock. 



Figure 11. Simultaneous Write/Read Timing (4505M only). 

RE, r-
EF 

~ .... < ! 

ov 

~1 ~- t.,A 

--1 
0 

Figure 12 .. Simultaneous Write/Read Timing (4505S only). 

CKw,__ _____ _; 

RE, RE 2 I 
--1 

0 -------------------~ 

~ SCS-ntOMSON A.""f/ ~D©Iiil@~~~©VIiil@li!D©® 
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Vl1000409 

VR000410 
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SIMULTANEOUS WRITE/READ TIMING 

The Empty Flag (EF) is guaranteed to clear (go 
HIGH) in response to the first rising edge of the read 
clock (CKR) to occur IFFL (First Flag Latency) after 
a valid First Write (from the rising edge of CKW). 
Read clocks occurr:!Qg less than IFFL after a First 
Write may clear the EF, but are not guaranteed (see 
Figure 1 0). As always, reads attempted in conjunc­
tion with an active Empty Flag are inhibited. There­
fore, the next rising edge of CKR following lFFL will 
produce the first valid read. This is the lFRL (First 
Read Latency) pa-rameter, and must be observed 
for proper system operation with the latched EF. 
Coming from an empty condition, the First Read op­
eration should be accomplished by enabling RE1 no 
less than ts before the rising edge of CKR at lFRL. 
The Q outputs will present valid data lA from the ris­
ing edge of CKR. 

When using the MK4505S (Slave) separately, the 
user must observe the tFRL (First Read Latency) 
parameter to ensure first-write-to-first-read valid 
data. Referring to Figure 12, the first rising edge of 
CKR to occur tFRL after a First Write clock will guar­
antee valid data lA from the rising edge of CKR. 
Read operations attempted before lFRL is satisfied 
may result in reading RAM locations not yet written. 
Careful observance of tFRL by the user is a must 
when using free running asynchronous read/write 
clocks on the MK4505S ; there is no automatic read 
and write protection circuitry in the Slave. 

It should also be noted that the MK4505M/S has an 
expected "fall-through delay time" described as First 
Write data presented to the FIFO and clocked out to 
the outside world. This can be calculated as : 

Before Read Clock 

RE1 EF QV Reads Remaining 

X 0 X 0 
0 I I 2:1 
1 1 0 1 
1 1 X >2 

ts + IFRL + lA (from Figure 11 or 12). Further occur­
ring valid read clocks will present data to the Q out­
puts tA from the rising edge of CKR. 

WIDTH AND DEPTH EXPANSION 
A single Master (MK4505M) is required for each 1 K 
of depth configured. The number of Slaves that can 
be driven by a single Master is limited only by the ef­
fects of adding extra load capacitance (Write and 
Read Enable Input Capacitance) onto the Input 
Ready (DR), Output Valid (QV), Full Flag (FF) and 
Empty Flag (EF) outputs. However, even 40 bits of 
width (8 devices) results in only 40pf of loading, 
which corresponds to the amount of load called out 
in the AC Test Conditions. Additional loading will 
slow the flags down, but as long as Enable Set Up 
time (ts) is met, slowing the flags has no negative 
consequences. 

DEPTH EXPANSION HANDSHAKE PROTO­
COL 

The depth expansion handshake device connec­
tions are shown in Figure 13. The expansion inter­
face signals can be considered transparent to the 
user, as long as the expansion clock continues to 
run. The Output Ready (QV) flag, and the Data 
Ready (DR) flag logic descriptions are detailed in the 
following charts. Since the expansion clock is the 
read clock for the sending FIFO, as well as the write 
clock for the receiving FIFO, these two signals pre­
vent data loss during depth expansion applications 
where the receiving bank (bank B, Figure 13) goes 
full simultaneously as the sending bank goes empty 
(bank A, Figure 13). 

Operation at CKR After Read Clock Note 

av Status 

Inhibit 0 Empty 1 
Hold 0 Active 2 
Read 1 Empty 3 
Read 1 Active 4 

Notes : I. Whenever EF IS act1ve low, further attempted read cycles are 1nh1bited 
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2. QV IS gated by REI such that the QV flag will be latched low tFtA from the nsmg edge of CKR when REI is low. The REI 
input must meet the set-up t1me (ts) prior to the read clock edge QV does not logically allow or prevent a read operation. 

3. Whenever REI IS act1ve h1gh, QV Will always follows the EF s1gnal by one read clock cycle. 
4. Th1s conQ!!I_on displays a typ1cal read operallon when remaining memory locatiOns (pnor to the read operation) are from 2 

to 1024. EF and QV cont1nue to acknowledge that the FIFO has more data ava1lable. 
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Before Write Clock Operation at CKW After Write Clock Note 
WE1 FF DR Write Available DR Status 

X 0 0 0 No-Op 0 Full 1 
0 1 0 1 No-Op 1 Full-1 2 
0 1 1 1 No-Op 0 Full-1 2 
1 1 X 1 Write 0 Full 1 
0 1 X 2 No-Op 1 Active 3 
1 1 1 2 Write 0 Full-1 4 
0 1 1 ~3 No-Op 1 Active 
1 1 1 >3 Write 1 Active 5 

Notes : 1. DR can be low only when the MK4505M IS full or (full-1 ). Whenever the dev1ce goes full (FF =low), then DR will be latched 
low tFIA from the same wnte clock edge (CKW) regardless of the log1c state of the DR flag at the clock trans1t1on. Further 
attempted wnte operations are blocked smce FF is low. 

2. If DR changes logic states after the write clock, then this example reflects the cond1t1on when the MK4505M has one (1) 
memory locat1on available (full-1) DR will presume the opposite logic state of the previous cycle for subsequent wnte clocks 
If WE1 IS disabled (low) and one memory location IS available. Whenever the MK4505M goes full (FF = low), DR will be 
latched low 1n the same clock cycle. (Th1s IS part of the Depth Expansion Protocol, and acts to not1fy the send1ng umt that 
space 1s available.) The DR flag does not log1cally allow or prevent a write operation. 

3. If DR 1s a log1c 1 before and after the wnte clock, then th1s example s1gnif1es that the ava1lable memory locat1ons m the 
MK4505M are greater than or equal to 2, after the completed wnte operation. 

4. During a valid wnte cycle, the DR flag Will go inactive low tFIA from the nsmg edge of CKw if the write counter 1s (full-2) at 
the clock trans1t1on. Th1s results 1s a (full-t) cond1t1on. (Refer to notes 1 and 2.) 

5. This cond1t1on displays a typ1cal wnte cycle, where available memory locat1ons (pnor to the wnte operation) are from 3 to 
1024. DR and FF continue to acknowledge that the FIFO IS ready to accept more data. 

In summary, the OVflag follows the EF signal by one 
read clock cycle (in all instances) when RE1 is active 
high at the rising edge ofCKR. Whenever RE1 is dis­
abled (low), the OV flag will go low 1Ft A from the ris­
ing edge of CKR. Of course, the RE1 input must 
satisfy the set-up time (ts) prior to CKR. The OV flag 
does not enable or inhibit read operations. Read 
protection is provided by the EF signal. 

The DR flag will go low one cycle prior to a full con­
dition (full-1 ), or DR will go high at (full-2) from the 
rising edge of CKW. However, if WE1 is disabled 
(low), and the device has one location available, 
then DR will toggle each subsequent write cycle until 
full. This way the device notifies the sending unit that 
at least one more byte of data can be accepted. 
When the device goes full, the DR flag will be latched 
low tFtA from the clock edge (during the same write 
cycle), regardless of its previous logic state. As with 
all valid write cycles, the WE1 input must satisfy the 
set-up time (ts) prior to CKW. The DR flag does not 
enable or inhibit write operations. Write protection is 
provided by the FF signal. 

WIDTH AND DEPTH EXPANSION 
EXAMPLES 

The width and depth expansion interface timing di­
agrams (Figures 14 and 15) are in reference to the 
width and depth expansion schematic in Figure 13 

(For simplicity all clocks have the same frequency 
and transition rate). 

Example 1 - First Write Since Empty - Reading the 
timing diagram from the top left to bottom right, one 
can determine that figure 13 illustrates the effects of 
the first WRITE/READ _91cles from an EMPTY array 
of FIFOs. Both of the EF pins are initially low (EFx, 
EF and RE2). As data is written into Bank A, the ex­
pansion clock reads data from Bank A and writes it 
to Bank B. the interface EF (EF and RE2) and the 
external EF (EFx) go inactive (logic 1) while data is 
shifted through the FIFO array from Bank A through 
Bank B to the external output (00- 04 ). The EF logic 
goes valid (logic 0) once data is shifted out of its re­
spective bank. 

Example 2 - First Read Since Full - Reading the tim­
ing diagram from the bottom left to top right, one can 
determine that figure 15 illustrates the effects of the 
first READs from a FULL array of FIFOs. As data is 
read out of the system (00 - 04), it allows Bank B 
to receive data (OEXP) shifted from Bank A. As Bank B 
shifts data out via 00 - 04, allowing Bank A to 
shift data into Bank B, both banks will show a 
cleared FF status (logic 1) on the e~ansion FF (FF 
and WE2) as well as the internal FF (FFx). When 
Bank A is no longer considered FULL, Data In from 
the system (DO - D4) is now written into Bank A. The 
FIFO array is again completely Full. 
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APPLICATION 
T~e MK4505 operates from a5V supply. It is compatible 
w1th all standard TTL families on all inputs and outputs. 
The device should share a solid ground plane with any 
other devices interfaced with it, particularly TTL devices. 
Additionally, because the outputs can drive rail-to-rail 
into high impedance loads, the MK4505 can also inter­
face to 5V CMOS on all inputs and outputs. 

Since very high frequency current transients will be 
~sso.ciated with the operation of the MK4505, power 
line mductance must be minimized on the circuit 
board power distribution network. Power and 
ground trace gridding or separate power planes can 
be employed to reduce line inductance. A high fre­
quency decoupling capacitor should be placed next 
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to each FIFO. The capacitor should be 0.1 )lF or 
larger. Also, a pull-up resistor in the range of 1 KQ is 
recommended for the RESET input pin to improve 
proper operation. 

Though often times not thought of as such, the 
trac~s on a me.mory board are basically un­
termlnated, low Impedance transmission lines. As 
such they are subject to signal reflections mani­
fest.ed as n~ise, undershoots and excessive ringing. 
Senes termination in close proximity to the TTL driv­
ers can improve driver/signal path impedance 
matching. While experimentation most often proves 
to be the only practical approach to selection of se­
ries resistors, values in the range of 1 OQ to 33Q 
often prove most suitable. 
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Figure 14. Example 1- Width and Depth Expansion lntertace Timing. 

I 
NEXT OPERATION BANK A lo 

X 

WE 
X 

D 

WRITE CLOCK 

0 D 
A 
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RE 
X 

av 
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_/I 
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11 
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12 13 14 Is 

WRITE READ READ INHIBIT 
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READ CLOCK 
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'e 
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I 

I I 
17 'a 

INHIBIT INHIBIT 

I I 
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BANK B 

INHIBIT INHIBIT INHIBIT WRITE WRITE WRITE READ READ INHIBIT EMPTY 
(EMPTY) DATAl DATA2 DATA3 DATA2 DATA3 !EMPTY) 
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VAOC0412 

Note: Example beg1ns w1th both banks empty, as status flags 1nd1cate. 
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Figure 15. Example 2- Width and Depth Expansion Interface Timing. 

NEXT OPERATION BANK A 

WE 
X 

FF x* 

WRITE CLOCK 

a D 
A 

RE 
1 

DR 

• 
av WE1 

EF RE 2* 

EXPANSION CLOCK 

RE 
X 

a 
X 

READ CLOCK 

NEXT OPERATION BANK B 

to I 1 I 2 13 14 ts ts 17 ta 

NO-OP NO-OP NO-OP READ READ READ FULL 

OEXPO QEXP1 aE ... HOLD HOLD 

WRITE WRITE WRITE 
DATA1 DATA2 DATA3 

I I I I I I I I 

DATA HOLD OEXP2 (HOLD) 

READ 
0-DATA1 

READ READ NO-OP WRITE WRITE WRITE FULL NO-OP 

Q-DATA2 0-DATA3 QEXPO OEXPI QEXP2 

r== SGS-THOMSON A."'! I llliln©ll'J©~~~<~:'ii'll'J©Illn©ili 

VA0004t3 

17/18 

787 



MK4505M · MK4505S 

ORDERING INFORMATION 

Example: 

N 

MK4505M 

Package 

PSDIP20 
and/or 

PSDIP24 

N 25 

Speed 

25 25ns 

33 33ns 

50 50ns 

In a System using both M4505M and M4505S, parts should be ordered individually. 

For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or 
the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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• FIRST-IN, FIRST-OUT MEMORY BASED 
ARCHITECTURE 

• FLEXIBLE 512 x 9 ORGANIZATION 

• LOW POWER HCMOS TECHNOLOGY 

• ASYNCHRONOUS AND SIMULTANEOUS 
READ/WRITE 

• BIDIRECTIONALAPPLICATIONS 

• FULLY EXPANDABLE BY WORD WIDTH OR 
DEPTH 

• EMPTY AND FULL WARNING FLAGS 
• RETRANSMIT CAPABILITY 

• HIGH PERFORMANCE 

DESCRIPTION 
The MK4501 is a BiPORT™ FIFO memory, which 
utilizes special two-port cell tech- niques. Specifi­
cally, this device implements a First-In, First-Out 
algorithm, featuring asynchronous read/write oper­
ations, full and empty flags, and unlimited expan­
sion capability in both word size and depth. The 
main application of the MK4501 is as a rate buffer, 
sourcing and absorbing data at different rates, 
(e.g., interfacing fast processors and slow periph­
erals). The full and empty flags are provided to 

PIN NAMES 

w Write 

R Read 

RS Reset 

DO-DB Data Inputs 

00-08 Data Outputs 

GND Ground 

XI Expansion Input 

xo Expansion Output 

FF Full Flag 

EF Empty Flag 

FURT First Load I Retransmit 

Vcc/GND 5 Volts/Ground 

NC Not Connected 

February 1 992 

MK4501 

CMOS 512 x 9 BiPORT FIFO 

PDIP28 (N) PLCC32 (K) 

Figure 1. Pin Connections 

WI 1 \J 
28 Vee 

08 I 2 27 04 
03 I 3 26 05 
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01 I 5 24 07 

DO 6 23 FL/RT 
Xi 7 22 

-
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FFI 8 
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21 IT 
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01 
02 
03 
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9 20 XO 
10 19 07 
11 18 06 
12 17 05 
13 16 04 
14 15 R 

VA00609 

!")CO ut5-rtf'l 
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~~~~~~~ 
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24 iJ IT 
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21 06 
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MK4501 

Figure 2. Block Diagram 
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-r WRITE } H WRITE j- H READ J-N READ 512 X 9 
w ADDRESS BiPORT '" ADDRESS 

CONTROL POINTER MEMORY ARRAY POINTER CONTROL 

J FLAG L 
J LOGIC I -

FF E F 

I I 
J EXPANSION LOGIC l x 0 

XI I I 

RS------------1 
RESET /RETRANSMIT 

LOGIC 
1----------- RT 

INTRODUCTION (Continued) 

prevent data overflow and underflow. The data is 
loaded and emptied on a First-In, First-Out (FIFO) 
basis, and the latency for the retrieval of data is 
approximately one load cycle (write). Since the 
writes and reads are internally sequential, thereby 
requiring no address informati~n. the pi~out d~fini· 
tion will serve this and future h1gh·dens1ty dev1ces. 
The ninth bit is provided to support control or parity 
functions. 

FUNCTIONAL DESCRIPTION 

Unlike conventional shift register based FIFOs, the 
MK4501 employs a memory-based architecture 
wherein a byte written into the device does not 
"ripple-through". Instead, a byte written into th~ 
MK4501 is stored at a specific location, where 1t 
remains until over-written. The byte can be read 
and re-read as often as desired. 

Twin address pointers (ring counters) automatically 
generate the addresses required for eac~ write and 
read operation. The empty/full flag c1rcu1t prevents 
illogical operations, such as reading un-written 
bytes (reading while empty) or over-writing un-read 
bytes (writing while full). Once a byte stored at a 
given address has been read, it can be over-written. 
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Address pointers automatically loop back to ad­
dress zero after reaching address 511. The 
empty/full status of the FIFO is t~erefore a functio~ 
of the distance between the pomters, not of the1r 
absolute location. As long as the pointers do not 
catch one another, the FIFO can be written and 
read continuously without ever becoming full or 
empty. . 
Resetting the FIFO simply resets the address pom­
ters to address zero. Pulsing retransmit resets the 
read address pointer without affecting the write 
address pointer. 
With conventional FIFOs, implementation of a 
larger FIFO is accomplished by cascading the indi-vid­
ual FIFOs. The penalty of cascading is often unac­
ceptable ripple-through delays. The ~501 ~llo~s 
implementation of very large FIFOs w1th no t1mmg 
penalties. The memory-based architecture of the 
MK4501 allows connecting the read, write, data in, 
and data out lines of the MK4501 sin parallel. The 
write and read control circuits of the individual 
FIFOs are then automatically enabled and disabled 
through the expansion-in and expansion-out pins 
as appropriate (see the Expansion Timing section 
for a more complete discussion). 



RECOMMENDED DC OPERATING CONDITIONS (0°C ~ TA ~ +70°C) 

Symbol Parameter Min. Typ. Max. Unit 

Vee Supply Voltage 4.5 5 5.5 v 
GND Ground 0 0 0 v 

v,H Logic "1" All Inputs 2.0 Vee+ 1 v 

v,L Logic "0" All Inputs -0.3 0.8 v 

DC ELECTRICAL CHARACTERISTICS (0°C ~ TA ~ +70°C; Vee= 5V ± 10%) 

Symbol Parameter Min. Typ. Max. Unit 

hL Input Leakage Current (Any Input) ±1 fl. A 

loL Output Leakage Current ±10 fl. A 

VoH Output Logic 1 Voltage (louT= -1 mA) 2.4 v 

VoL Output Logic 0 Voltage (louT= 4mA) 0.4 v 

lcct Average Vee Power Supply Current 80 mA 

lcc2 ~er~e Standqy_ Current 8 mA 
(R = W = RS = FURT = V1H) 

lcc3 
Power Down Current 

500 f!A (all Inputs~ Vee- 0.2V) 

CAPACITANCE (T A = 25°C, f = 1.0MHz) 

Value 
Symbol Parameter Unit 

Min. Typ. Max. 

c, Capacitance on Input Pins 7 pF 

Co Capacitance on Output Pins 12 pF 

Notes: 

1. Pulse Widths of less than mm1mum values are not val1d. 5 Measured With 0.4V $ v,N $Vee. 
2. Measured using output load shown in figure Output Load C~rcuit. 6. R ;;::: V1H, 0.4V ::?: VouT::::; Vee. 
3. All voltages are referenced to ground. 

4. 1.5 volt negat1veundershoots are allowed for 1 Ons, once 
per cycle. 

7. Icc measurements are made With outputs open 

8. W1th output buffer deselected. 

MK4501 

Notes 

3 

3 

3,4 

Note 

5 

6 

3 

3 

7 

7 

7 

Note 

8 
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MK4501 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VI Voltage on any Pin Relative to Ground -0.5to+7 v 

TA Operating Temperature T A (ambient) Oto 70 ·c 
Tsm Storage Temperature -55to+125 ·c 
Po Total Device Power Dissipation 1 w 

louT Output Current per Pin 20 mA 

Note : Stress~s above th~se listed un~er "Absolute Max1mum Ratings" may cause permanent damage to the device. This is a stress rating 
only, and funct1onal operation ofthe dev1ce at these, or any othercond1t1ons above those Indicated in the operational sect1ons ofthis specification 
IS not Implied. Exposure to absolute maximum ratmgs for extended penods may affect device reliability. ' 

AC TEST CONDITIONS 

Input Levels 

Transition limes 

Input Signal Timing 
Reference Level 

Output Signal liming 
Reference Level 

Ambient Temperature 

Vee 

READ MODE 

GNDto3V 

5ns 

1.5V 

O.SV and 2.2V 

5V±10% 

The MK4501 initiates a Read Cycle (see Figure 4a) 
on th_e falling edge of Read Enable control input (R), 
prov1ded that the Empty Flag (EF) is not set. In the 
Read mode of operation, the MK4501 provides a 
fast access to data from 9 of 4608 locations in the 
static storage array. The data is accessed on a 
FIFO basis independent of any ongoing WRITE 
operations. After R goes high, data outputs will 
return to a high impedance condition until the next 
Read operation. 
In the event that all data has been read from the 
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Figure 3. Equivalent Output Load Circuit 

+5.0 v 

11 K ohms 

30 pF 

VR000998 

FIFO, the EF will go low, and further Read oper­
ations will be inhibited ill!.e data outputs will remain 
in high impedance). EF will go high twEF after 
completion of a valid Write operation. EF will again 
go low tREF from the beginning a subsequent READ 
operation, provided that a second WRITE has not 
been comf)leted (see figure 48). Reads beginning 
tEFR after EF goes high are valid. Reads be9.!!!! 
after EF goes low and more than tRPI before EF 
goes high are invalidJ!gnored). Reads beginning 
less than tRPI before EF goes high and less than 
tEFR later may or may not occur (be valid) depend­
ing on internal flag status. 



AC ELECTRICAL CHARACTERISTICS (0°C::; TA::; +70°C; Vee= +5V ± 1 0%) 

·65 -80 
Symbol Parameter 

Min. Max. Min. Max. 

IRC Read Cycle Time 80 100 

lA Access Time 65 80 

IRR Read Recovery Time 15 20 

tRPW Read Pulse Width 65 80 

IRL R Low to Low Z 0 0 

tov Data Valid from High R 5 5 

tRHZ R High to High Z 25 25 

IREF R Low to EF Low 60 75 

IEFR EF High to Valid Read 10 10 

twEF W High to EF High 60 75 

tRPI 
Read Protect 35 35 
lndeterminant 

Figure 4A. Read and Empty Flag Waveforms 

w 

FF 

0-0 
0 8 

FIRST 
VALID 
READ 

EMPTY 

INVALID 
READ 

-f---jf--'IREF 

_ _/ 

IEFR 

FIRST 
VALID 
READ 

-10 ·12 ·15 

Min. Max. Min. Max. Min. Max. 

120 140 175 

100 120 150 

20 20 25 

100 120 150 

0 0 0 

5 5 5 

25 35 50 

95 115 145 

10 10 10 

95 110 140 

35 35 35 

NOT EMPTY 

MK4501 

·20 
Unit Note 

Min. Max. 

235 ns 

200 ns 2 

35 ns 

200 ns 1 

0 ns 2 

5 ns 2 

60 ns 2 

195 ns 2 

10 ns 2 

190 ns 2 

35 ns 2 

EMPTY 

VR000989 
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MK4501 

WRITE MODE 

The MK4501 initiates a Write Cycle (see Figure 48) 
O...!!. the falling edge of the Write Enable control input 
(W), provided that the Full Flag (FF) is not set. Data 
set-up and hold-time requirements must be satis­
fied with respect to the rising edge of W. The data 
is stored sequentially an.!!J.ndependent of any on­
going Read operations. FF is asserted during the 
last valid write as the MK4501 becomes full. Write 
operations begun with FF low are inhibited. FF will 
go high tRFF after completion of a valid READ 

operation. FF will again go low twFF from the begin­
ning of a subsequent WRITE operation, provided 
that a second READ has not been completed (see 
Figure 4A). Writes beginning tFFW after FF goes 
high are valid. Writes beginning after FF goes low 
and more than twPI before FF goes high are invalid 
{jg_nored). Writes beginning less than twPI before 
FF goes high and less than tFFW later may or may 
not occur (be valid), depending on internal flag 
status. 

AC ELECTRICAL CHARACTERISTICS (0°C S:TAS: +70°C; Vee= +5V ± 10%) 

-65 -80 
Symbol Parameter 

Min. Max. Min. Max. 

twc Write Cycle Time 80 100 

lwPW Write Pulse Width 65 80 

twA Write Recovery Time 15 20 

los Data Set Up Time 20 25 

loH Data Hold Time 10 10 

twFF W Low to FF Low 60 75 

IFFW FF High to Valid Write 10 10 

tRFF R High to FF High 60 75 

Figure 48. Write and Full Flag Waveforms 

w 
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LAST VALID 
WRITE 

INVALID 
WRITE 

·10 -12 

Min. Max. Min. Max. 

120 140 

100 120 

20 20 

35 40 

10 10 

95 115 

10 10 

95 110 

INDETERMINANT 
WRITE 

VALID DATA 
IN 

-15 -20 
Unit Note 

Min. Max. Min. Max. 

175 235 ns 

150 200 ns 1 

25 35 ns 

50 65 ns 

10 10 ns 

145 195 ns 2 

10 10 ns 2 

140 190 ns 2 

VALID DATA 
IN 
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MK4501 

Figure 58. Write/Read to Empty Flag Waveforms 

--1- tWEF 

FIRST WRITE 
SINCE EMPTY 

w 
\ 

--1- tEFR 

EF 

!REF 

R 

VR000991 

Figure 58. Read/Write to Full Flag Waveforms 

tRFF 

FIRST READ 

SINCE FULL 

-
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tFFW 

FF 
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MK4501 

RESET 

The MK45Q_!Js reset (see Figure 6) whenever the 
Reset pin (RS) is in the low state. During a Reset, 
both the internal read and write pointers are set to 
the first location. Reset is required after power up, 
before a Write operation can begin. 

Although neithe.r:_ W or _B need be high when RS 
~s low, both W and R must be high tRss before 
RS goes high, and must remain high tRsR after­
wards. Refer to the__!QIIowir:!fJ. discussion for the 
required state of FURT and XI during Reset. 

AC ELECTRICAL CHARACTERISTICS (0°C::; TA::; +70°C; Vee= +5V + 1 0%) -

-65 -80 -10 -12 -15 -20 
Symbol Parameter Unit Note 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

lAse Reset Cycle Time 80 100 120 140 175 235 ns 

IRS Reset Pulse Width 65 80 100 120 150 200 ns 1 

IRSR Reset Recovery Time 15 20 20 20 25 35 ns 

lASS Reset Set Up Time 45 60 80 100 130 180 ns 

Figure 6. Reset Waveforms 

IRSC 

IRS 

RS 

---1------1-- IRS R 
IRSS ____ -1 

w 
IRSS ____ -1 

FF ,xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx* 
VR000992 

Note : EF and FF may change status during Reset, but flags will be valid at lAse. 

8/15 

796 



RETRANSMIT 

The MK4501 can be made to retransmit (re-read 
previously read data) after the Retransmit pin (RT) 
is pulsed low. (see Figure 7). 

A Retransmit operation sets the internal read 
pointer to the first physical location in the array, but 

Figure 7. Retransmit Waveforms 

MK4501 

will not affect the position of the write pointer. R 
must be inactive tRTS before RT goes high, and 
must remain high for tRTR afterwards. 

The Retransmit function is particularly useful when 
blocks of less than 512 Writes are performed be­
tween Resets. The Retransmit feature is not com­
patible with Depth Expansion. 

tRTC 

IRT 

RT 

-+----1-IRTR 
IRTS ------1 

R 

EF,FF FLAG VALID 

VR000993 

Note: EF and FF may change status during Retransmit, but flags w111 be val1d at tRrc. 

AC ELECTRICAL CHARACTERISTICS (0°C::; TA::; +70°C; Vee= +5V ± 10%) 

-65 -80 -10 -12 -15 -20 
Symbol Parameter Unit Note 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

tRTC Retransmit Cycle Time 80 100 120 140 175 235 ns 

tRT 
Retransmit Pulse 65 80 100 120 150 200 ns 1 
Width 

tRTR 
Retransmit 15 20 20 20 25 35 ns 
Recovery Time 

9/15 

797 



MK4501 

SINGLE DEVICE CONFIGURATION 
A single MK4501 may be used when application 
requirements are for 512 words or less. The 
MK4501 is placed in Single Device Configuration 
mode when the chip is Reset with the Expansion 
In pin (Xi) grounded (see Figure 8). 

Figure 8. A Single 512 x 9 FIFO Configuration 

EXPANSION OUT IXOI 

1 

WRITE IWI 

9 

DATA IN 
I J\ 4501 

I 
IFF IV FULL FLAG 

RESET IRS) 

WIDTH EXPANSION 

Word width may be increased simply by connecting 
the corresponding input control signals of multiple 
devices. Status Flags (EF andFF) can be detected 
from any one device. Figure 9 demonstrates an 
18-bit word width by using two MK4501 s. Any word 
width can be attained by adding additional 
MK4501s. 

IRI READ 

9 

I 

=J I 
DATA OUT 

IEFI EMPTY FL AG 

IRTI RETRANS MIT 

VR000884 
EXPANSION IN lXII j_ 

Figure 9. A 512 x 18 FIFO Configuration (Width Expansion) 

1X01 EXPANSION OUT 

IWI 
WRITE IRJ READ 

FULL FLAG 
IFF) 

IRS I 4501 IEFJ EMPTY FLAG 
RESET 

RETRANSMIT 

OATA 
EXPANSION IN lXII 

OUT 

VR000995 

Note : Flag detection is accomplished by monitoring the FF and EF Signals on either (any) device used in the wrdth expansion configuration. 
Do not connect flag output srgnals together. 
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DEPTH EXPANSION (Daisy Chain) 

The MK4501 can easily be adapted to applications 
when the requirements are for greater than 512 
words. Figure 1 0 demonstrates Depth Expansion 
using three MK4501 s. Any depth can be attained 
by adding additional MK4501s. 

External logic is needed to generate a composite 
Full F.§g and Empty Flag. This requires the ORing 
of all EFs and the ORing of all FFs (i.e.~l must be 
set to generate the correct composite FF or EF). 

MK4501 

The MK4501 operates in the Depth Expansion 
configuration after the chip is Reset under the 
below listed conditions. 

1. The first device must be designated by ground­
ing the First Load pin (FL). The Retransmit 
function is not valid in the Depth Expansion 
Mode. 

2. All other devices must have FL in the high state. 

3. The Expansion Out (XO) pin of each device 
must be tied to the Expansion In (Xi) pin of the 
next device. 

Figure 10. A 1536 x 9 FIFO Configuration (depth expansion) 
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L__ I-- 1--------
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L__ 1--- f--

~ 

FF EF 
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FL RS 
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~ 

-
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MK4501 

EXPANSION TIMING 

Figures 11 and 12 illustrate the timing of the Expan­
sion Out and Expansion In signals. Discussion of 
Expansion Out/Expansion In timing is provided to 
clarify how Depth Expansion works. In as much as 
Expansion Out pins are generally connected only 
to Expansion In pins, the user need not be con­
cerned with actual timing in a normal Depth Ex­
panded application unless extreme propagation 

Figure 11. Expansion Out Timing Waveforms 

w _, 

R 

WRITE TO 

LAST PHYSICAL 
LOCATION 

delays exist between the xo/xf pin pairs. 

Expansion Out pulses are the image of the WRITE 
and READ signals that cause them ; delayed in 
time by txoL and txoH. The Expansion Out signal is 
propagated when the last physical location in the 
memory array is written and again when it is read 
(Last Read). This is in contrast to when the Full and 
Empty Flags are activated, which is in response to 
writing and reading a last available location. 

READ FROM 
LAST PHYSICAL 

LOCATION 

-'------~ IXOH -~ IXOH --~ IXOL 

IL-----------~1 IL-----------~ 

-- IXOL 

XO 

VR00959 

AC ELECTRICAL CHARACTERISTICS (0°C::::; TA::::; +70°C; Vee= +5V ± 1 0%) 

-65 -80 -10 -12 -15 -20 
Symbol Parameter Unit Note 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

txoL Expansion Out Low 55 70 75 90 115 150 ns 

txoH Expansion Out High 60 80 90 100 125 155 ns 
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When in Depth Expansion mode, a given MK4501 
will begin writing and reading as soon a_§_valid 
WRITE and READ signals begin, provided FL was 
grounded at RESET time. A MK4501 in Depth 
Expansion mode with FL high at RESET will not 
begin writing until after an Expansion In pulse 
occurs. It will not begin reading until a second 

Figure 12. Expansion In Timing Waveforms 

MK4501 

Expansion In pulse occurs and the Empty Flag has 
gone high. Expansion In pulses must occur tx1s 
before the WRITE and READ signals they are 
intended to enable. Minimum Expansion In pulse 
width, tx1, and recovery time, tx1R, must be ob­
served. 

---i 
!XI 

f ""~ XI 

I 

L ... , WRITE TO 

w FIRST PHYSICAL 
LOCATION 

!XIS READ FROM 

~ 
FIRST PHYSICAL 

R LOCATION 

VR000950 

AC ELECTRICAL CHARACTERISTICS (0°C ~ TA ~ +70°C; Vee= +5V ± 1 0%) 

-65 -80 -10 -12 -15 -20 
Symbol Parameter Unit Note 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

txt 
Expansion in Pulse 60 75 95 115 145 195 ns 1 
Width 

lxtR 
Expansion In 15 20 20 20 25 35 ns 
Recovery Time 

lxts 
Expansion In Setup 25 30 45 50 60 85 ns 
Time 
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MK4501 

COMPOUND EXPANSION 
The two expansion techniques described above 
can be applied together in a straight forward man­
ner to achieve large FIFO arrays (see Figure 13). 

BIDIRECTIONAL APPLICATIONS 
Applications, which require data buffering between 
two systems (each system capable of READ and 
WRITE operations), can be achieved by pairing 
MK4501 s, as shown in Figure 14. Care must be 
taken to ensure that the ap.Q!:9priate flag is moni­
tored by each ~stem. (i.e.,.£f is monitored on the 
device where W is used ; EF is monitored on the 
device where R is used). Both Depth Expansion 
and Width Expansion may be used in this mode. 

Figure 13. Compound FIFO Expansion Configuration 

Fi,W,RS 

VR000977 

Notes: 

1. For depth expansron block see DEPTH EXPANSION Section and Frgure 1 0. 

2. For Flag operatiOn see WIDTH EXPANSION Sectron and Frgure 9. 

Figure 14. Bidirectional FIFO Application 

- -
w. Ro -
FFA 

~ 
4501 
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- 4501 
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R w. 
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MK4501 

ORDERING INFORMATION 

Example: MK4501 N 65 

I 

~ 
Speed 

N PDIP28 65 65ns 

K PLCC32 80 SOns 

10 100ns 

12 120ns 

15 150ns 

20 200ns 

For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or to the 
current Memory Shortform Catalogue. 

For further information on any aspect of this device, please contact our Sales Office nearest you. 
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• FIRST-IN, FIRST-OUT MEMORY BASED 
ARCHITECTURE 

• FLEXIBLE 2048 x 9 ORGANIZATION 
• LOW POWER HCMOS TECHNOLOGY 

• ASYNCHRONOUS AND SIMULTANEOUS 
READ/WRITE 

• BI-DIRECTIONALAPPLICATIONS 

• FULLY EXPANDABLE BY WORD WIDTH OR 
DEPTH 

• EMPTY AND FULL WARNING FLAGS 

• RETRANSMIT CAPABILITY 
• HIGH PERFORMANCE 

• HALF FULL FLAG IN SINGLE DEVICE MODE 

DESCRIPTION 
The MK4503 is a BiPORT™ FIFO memory, which 
utilizes special two-port cell techniques. Specific­
ally, this device implements a First-In, First-Out 
algorithm, featuring asyn-chronous Read/Write op­
erations, full, half full and empty flags, and unlim­
ited expansion capability in both word size and 
depth. The main application of the MK4503 is as a 
rate buffer, sourcing and absorbing data at different 
rates, (e.g., interfacing fast processors and slow 
peripherals). 

PIN NAMES 

w Write 

R Read 

RS Reset 

FURT First Load I Retransmit 

DO-D8 Data Inputs 

00-08 Data Outputs 

XI Expansion Input 

XOIHF Expansion Output I Half Full Flag 

FF Full Flag 

EF Empty Flag 

Vee 5 Volts 

GND Ground 

NC Not Connected 

February 1992 

MK4503 

CMOS 2K x 9 BiPORT FIFO 

PDIP28 (N) 

Figure 1. Pin Connection 

0~ ~ ~ 
~~ ~ ~ 
g~ ~ : 
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18 

17 

Vee 
04 
05 
06 
07 
FL/RT 
RS 

IT 
XO/HF 
07 
06 
05 

Xi [ 7 

Ff r 8 

00 [[ 9 
01 10 

02 [ 11 

03 [ 12 

08 13 16 04 
GNO 14 1s R 

'----------' 
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MK4503 

Figure 2. Block Diagram 
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I LOGIC I -

FF E F 

I I 
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XI I I 
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RESET /RETRANSMIT 

LOGIC 
1-----------------------RT 
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DESCRIPTION (Continued) 

The full, half full and empty flags are provided to 
prevent data overflow and underflow. The data is 
loaded and emptied on a First-In, First-Out (FIFO) 
basis, and the latency for the retrieval of data is 
approximately one load cycle (write). Since the 
writes and reads are internally sequential, thereby 
requiring no address information, the pinout defini­
tion will serve this and future high-density devices. 
The ninth bit is provided to support control or parity 
functions. 

FUNCTIONAL DESCRIPTION 

Unlike conventional shift register based FIFOs, the 
MK4503 employs a memory-based architecture 
wherein a byte written into the device does not 
"Ripple-Through". Instead, a byte written into the 
MK4503 is stored at a specific location, where it 
remains until over-written. The byte can be read 
and re-read as often as desired in the single device 
configuration. 

Twin internal pointers (ring counters) automatically 
generate the addresses required for each write and 
read operation. The empty/full flag circuit prevents 
illogical operations, such as reading un-written 
bytes (reading while empty) or over-writing un-read 
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bytes (writing while full). Once a byte stored at a 
given address has been read, it can be over-writ­
ten. 

The address pointers automatically loop back to 
address zero after reaching address 2047. The 
empty/half full and full status of the FIFO is there­
fore a function of the distance between the 
pointers, not of their absolute location. As long as 
the pointers do not catch one another, the FIFO can 
be written and read continuously without ever be­
coming full or empty. 

Resetting the FIFO simply resets the write and read 
pointers to location zero. Pulsing retransmit resets 
the read address pointer without affecting the write 
address pointer. 

With conventional FIFOs, implementation of a larger 
FIFO is accomplished by cascading the individual 
FIFOs. The penalty of cascading is often unaccept­
able ripple-through delays. The 4503 allows im­
plementation of very large FIFOs with no timing 
penalties. The memory-based architecture of the 
MK4503 allows connecting the read, write, data in, 
and data out lines of the MK4503s in parallel. The 
write and read control circuits of the individual 
FIFOs are then automatically enabled and disabled 
through the expansion-in and expansion-out pins. 



MK4503 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

v, Voltage on any Pin Relative to GND -o.5to +7 v 
TA Ambiant Operating Temperature 0 to +70 oc 

TsTG Storage Temperature -55to+125 oc 

Po Total Device Power Dissipation 1 w 

lour Output Current per Pin 20 rnA 

Note : Stresses above those listed under "Absolute Maximum Ratings" may be cause permanent damage to the dev1ce. This is a stress rating 
only, and functional operation olthe dev1ce at these, or any other conditions above those indicated in the operational sections olth1s specification, 
is not implied. Exposure to absolute maximum ratmgs lor extended penods may affect device. 

RECOMMENDED DC OPERATING CONDITIONS 
(0°C ~TA ~ +70°C) 

Symbol Parameter 

Vee Supply Voltage 

GND Ground 

VIH Logic "1" Voltage all Inputs 

V1L Logic "0" Voltage all Inputs 

DC ELECTRICAL CHARACTERISTICS 
(0°C ~ TA ~ +70°C; Vee= SV ± 1 0%) 

Symbol Parameter 

f1L Input Leakage Current (any input) 

loL Output Leakage Current 

VoH Output Logic "1" Voltage lour = -1 rnA 

VoL Output Logic "0" Voltage lour= 4mA 

lcc1 Average Vee Power Supply Current 

lcc2 
~er~e Stand~ Current 
(R = W = RS = FURT = ViH) 

Ices Power Down Current (all inputs;:>: Vee -o.2V) 

Value 

Min. Typ. 

4.5 5 

0 0 

2.2 

-o.3 

Value 

Min. Typ. 

2.4 

Unit Notes 
Max. 

5.5 v 3 

0 v 

Vcc+0.3 v 3,9 

0.8 v 3,4,9 

Unit Note 
Max. 

±1 !lA 5 

±10 !!A 6 

v 3 

0.4 v 3 

120 rnA 7 

12 rnA 7 

4 !lA 7 
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MK4503 

CAPACITANCE 
(TA = 25°C, f = 1 MHZ) 

Value 
Symbol Parameter Unit Note 

Min. Typ. Max. 

C1 Capacitance on Input Pins 7 pF 

Co Capacitance on Output Pins 12 pF 8 

Notes: 5. Measured with 0.0 5 V1N $Vee. 

1. Pulse widths less than mimmum values are not allowed. 6. R <!: v,H, 0.0 "VOUT $Vee. 

2. Measured using output load shown in Output Load Circuit. 7. Icc measurements are made with outputs open. 

3. All voltages are referenced to ground. 8. W1th output buffer deselected. 

4. ·1.5 volt undershoots are allowed for 10ns once per cycle. 9. Input levels tested at 500ns cycle time. 

AC TEST CONDITIONS Figure 3. Equivalent Output Load Circuit 

Input Levels GNDto3V 
+5.0 v 

Transition Times 5ns 

Input Signal Timing 
Reference Level 5V 1.1 K ohms 

Output Signal Timing 
Reference Level 0.8V and 2.2V 

Ambient Temperature ooc to 70°C 

Vee 5V±10% 
30 pF 

VR000998 
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READ MODE 
The MK4503 initiates a Read Cycle (see Figure 4) 
on the falling edge of Read Enable control input (R), 
provided that the Empty Flag (EF) is not asserted. 
In the Read mode of operation, the MK4503 pro­
vides a fast access to data from 9 of 18432 loca­
tions in the static storage array. The data is 
acces_sed on a FIFO b<;1sis indepe!!_dent of any 
on-going WRITE operations. After R goes high, 
data outputs will return to a high impedance condi­
tion until the next Read operation. 

In the event that all data has been read from the 

Figure 4. Read And Empty Flag Waveforms 

FIRST 
w VALID 
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* FF 
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AC ELECTRICAL CHARACTERISTICS 
(0°C:,; TA:,; +70°C; Vee= +5V ± 10%) 

-65 
Symbol Parameter 

Min. Max. 

tsc Read Cycle 1ime 80 

lA Access 1ime 65 

tRR Read Recovery Time 15 

tRPW Read Pulse Width 65 

1RL R Low to LowZ 0 

tov Data Valid from R High 5 

tRHZ R High to High Z 25 

tREF R Low to EF Low 60 

tEFR EF High to Valid Read 10 

tWEF W High to EF High 60 

lRPl Read Protect lndeterminant 35 

-80 

Min. Max. 

100 

80 

20 

80 

0 

5 

25 

75 

10 

75 

35 

MK4503 

FIFO, the EF will go low, and further Read oper­
ations will be inhibited .(!b.e data outputs will remain 
in high impedance). EF will go high twEF after 
completion of a valid Write operation. EF will again 
go low tREFfrom the beginning a subsequent READ 
operation, provided that a second WRITE has not 
been com1=1leted (see Figure 6B). Reads beginning 
tEFR after EF goes high are valid. Reads begun 
after EF goes low and more than tRPI before EF 
goes high are invalid J!gnored). Reads beginning 
less than !RPI before EF goes high and less than 
tEFR later may or may not occur (be valid) depend­
ing on internal flag status. 

NOT EMPTY 

tREFj 

EMPTY 

VR000959 

-10 -12 -15 -20 
Unit Note 

Min. Max. Min. Max. Min. Max. Min. Max. 

120 140 175 235 ns 

100 120 150 200 ns 2 

20 20 25 35 ns 

100 120 150 200 ns 1 

0 0 0 0 ns 2 

5 5 5 5 ns 2 

25 35 50 60 ns 2 

95 115 145 195 ns 2 

10 10 10 10 ns 2 

95 110 140 190 ns 2 

35 35 35 35 ns 2 

ill SGS-THOMSON 
~/, li\llml'il@~~~©Vliil@i'iO©@ 
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MK4503 

WRITE MODE 

The MK4503 initiates a Write Cycle (see Figure 5) 
on the falling edge of the Write Enable control input 
(Vii), provided that the Full Flag (FF) is not asserted. 
Data set-up and hold-time requirements lll_!!St be 
satisfied with respect to the rising edge of W. The 
data is stored sequentially and independent of any 
ongoing Read operations. FF is asserted during the 
last valid write as the MK4503 becomes full. Write 
operations begun with FF low are inhibited. FF will 
go high tRFF after completion of a valid READ 

Figure 5. Write And Full Flag Waveforms 

w 

IWFF 

FF 

LAST VALID 
WRITE 

INVALID 
WRITE 

FULL 

operation. FF will again go low twFF from the begin­
ning of a subsequent WRITE operation, provided 
that a second READ has not been completed (see 
Figure 6A). Writes beginning tFFW after FF goes 
high are valid. Writes beginning after FF goes low 
and more than twPI before FF goes high are invalid 
fjg_nored). Writes beginning less than twPI before 
FF goes high and less than tFFW later may or may 
not occur (be valid), depending on internal flag 
status. 

INDETERMINANT 
WRITE 

FIRST VALID 
WRITE 

NOT FULL 

FIRST 
VALID 
READ 

I: IDS 

0-0 ~-- tf-----------cV:A~LID~D~A~TA~ 
Q8~· IN 

VALID DATA 
IN 

VR001001 

AC ELECTRICAL CHARACTERISTICS 
(0°C < TA < +70°C; Vee= +5V ± 10%) - -

-65 -80 -10 -12 -15 -20 
Symbol Parameter Unit Note 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

!we Wnte Cycle 1ime 80 100 120 140 175 235 ns 

IWPW Write Pulse Width 65 80 100 120 150 200 ns 1 

lwR Write Recovery 1ime 15 20 20 20 25 35 ns 

los Data Set-Up Time 30 40 40 40 50 65 ns 

loH Data Hold Time 10 10 10 10 10 10 ns 

twFF W Low to FF Low 60 70 95 115 145 195 ns 2 

IFFW FF High to Vahd Write 10 10 10 10 10 10 ns 2 

1RFF R High to FF High 60 70 95 110 140 190 ns 2 

tWPI Wnte Protect lndeterminant 35 35 35 35 35 35 ns 2 
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MK4503 

Figure 6A. Read/Write To Full Flag Waveforms 

tRFF 
FIRST READ 

R 
SINCE FULL 

tFFW 

l tWFF 

FF 

w 
VROO 0990 

Figure 68. Write/Read To Empty Flag Waveforms 

tWEF 

FIRST WRITE 
SINCE EMPTY 

w 

-r--,- tEFR 

t tREF 

EF 

R 

VR000991 
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MK4503 

RESET 

The MK4503 is reset (see Figure 7) whenever the 
Reset pin (RS) is in the low state. During a Reset, 
both the internal read and write pointers are set to 
the first location. Reset is required after power up, 
before a Write operation can begin. 

Figure 7. Reset Waveforms 

Although neither W or R need be high when RS 
flQ?S low, both Wand R must be high tRss before 
RS goes high, and must remain high tRsR after­
wards. Refer to the followir:!fl. discussion for the 
required state of FLIRT and XI during Reset. 

RS ----------,~::: ____________ ~r--~-------------
+----+- tRSR 

~---------IRSS--------~ 

w 

~------IRSS------~ 

EF 

HF,FF 
VR001002 

Note: HF, EF and FF may change status during Reset, but flags will be valid at tRsc. 

AC ELECTRICAL CHARACTERISTICS 
(0°C < TA < +70°C; Vee= +5V ± 10%) - -

·65 -80 -10 -12 -15 -20 
Symbol Parameter Unit Note 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

lese Reset Cycle Time 80 100 120 140 175 235 ns 

IRs Reset Pulse Width 65 80 100 120 150 200 ns 1 

tRSR Reset Recovery Time 15 20 20 20 25 35 ns 

lASS Reset Set-Up Time 45 60 80 100 130 180 ns 
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RETRANSMIT 

The MK4503 can be made to retransmit (re-read 
previously read data) after the Retransmit pin (RT) 
is pulsed low. (See Figure 8). 

A Retransmit operation sets the internal read 
pointer to the first physical location in the array, b!,!! 
will not affect the position of the write pointer. R 

Figure 8. Retransmit Waveforms 

MK4503 

must be inactive tRTS before RT goes high, and 
must remain high for tRTR afterwards. 

The Retransmit function is particularly useful when 
blocks of less than 2048 Writes are performed 
between Resets. The Retransmit feature is not 
compatible with Depth Expansion. 

f---~~~~~~-tRTC ~~~~~~~--1 

1----~~~~~~\RT ~~~~~~-1 

RT 

+----+- tRT R 
r-----------\RTS-----------1 

Note: HF, EF and FF may change status during Retransmit. but flags will be valid at tRrc. 

AC ELECTRICAL CHARACTERISTICS 
(0°C:;:; TA:;:; +70°C; Vee= +5V ± 10%) 

-65 
Symbol Parameter 

Min. Max. 

tRTC Retransmit Cycle Time 80 

Irs Retransmit Pulse Width 65 

IRTR Retransmit Recovery Time 15 

tRTs Retransmit Set-Up Time 45 

-80 -10 -12 

Min. Max. Min. Max. Min. Max. 

100 120 140 

80 100 120 

20 20 20 

60 80 100 

FLAG VALID 

VRDD1003 

-15 -20 
Unit 

Min. Max. Min. Max. 

175 235 ns 

150 200 ns 

25 35 ns 

130 180 ns 

Note 

1 
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MK4503 

SINGLE DEVICE CONFIGURATION 

A single MK4503 may be used when application 
requirements are for 2048 words or less. The 
MK4503 is placed in Single Device Configuration 
mode ~en the chip is Reset with the Expansion 
In pin (XI) grounded (see Figure 9). 

Figure 9. A Single 2047 x 9 FIFO Configuration 

WIDTH EXPANSION 

Word width may be increased simply by connecting 
the corresponding input contrqj_§ignals of multiple 
devices. Status Flags (EF and FF) can be detected 
from any one device. Figure 10 demonstrates an 
18-bit word width by using two MK4503s. Any word 
width can be attained qy_ adding additional 
MK4503s. The half full flag (HF) operates the same 
as in the single device configuration. 

IHF) HALF FULL FLAG 

1 
- -

WRITE IWI IRI READ 

9 9 

DATA IN 
I J\ I 

MK4503 

I 
IFFI-v - I 

FULL FLAG (EF) EMPTY FL AG 

DATA OUT 

--
RESET IRS) IRTJ RETRANS MIT 

- I EXPANSION IN (XI) 

VROOI004 

Figure 10. A 2048 x 18 FIFO Configuration (width expansion) 

(HF) HALF FULL FLAG 

IWI 
WRITE --~~+-- (R) READ 

FULL FLAG IFF) 

IRS) 4501 IEF) EMPTY FLAG 
RESET -----1--

DATA 

EXPANSION IN lXII 
OUT 

VRDDIDD5 

Note: Flag detection is acco~plished by monitoring the FF and EF signals on either (any) device used in the width expansion configuration. 
Do not connect flag output s1gnals together. 
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HALF FULL FLAG LOGIC 
When in single device configuration, the (HF) out­
put acts as an indication of a half full memory. After 
half of the memory is filled, and at the fallin~dge 
of the next write operation, the half full flag (HF) will 
be set low and remain low until the difference 

Figure 11. Half Full Flag Waveforms 

HALF-FULL HALF-FULL+1 

w I 

R 

-tWHF-

HF 

I 

AC CHARACTERISTICS 
(0°C s: TA s: +70°C; Vee= +5V ± 10%) 

-65 
Symbol Parameter 

-80 

MK4503 

between the write pointer and read pointer is less 
than or e.9!!_al to one half the total memory. The half 
full flag (HF) is then reset by the rising edge of the 
read operation (see Figure 11 ). 

HALF-FULL 

I 

tRHF 

VR001006 

-10 -12 -15 -20 
Unit 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

twHF 
Wnte Low to Half 

80 
Full Flag Low 

100 120 140 175 235 ns 

1RHF 
Read Hrgh to Half 

80 100 120 140 175 235 
Full Flag Hrgh 

ns 
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MK4503 

DEPTH EXPANSION (Daisy Chain) 

The MK4503 can easily be adapted to applications 
when the requirements ar~ for greater than 2048 
words. Figure 12 demonstrates Depth Expansion 
using the MK4503s. Any depth can be attained by 
adding additional MK4503s. 

External logic is needed to generate a composite 
Full Fl.§g and Empty Flag. This requires the ORing 
of all EFs and the ORing of all FFs (i.e . ...g!l must be 
set to generate the correct composite FF or EF). 

The MK4503 operates in the Depth Expansion 
configuration after the chip is Reset under the 
below listed conditions. 

1. The first device must be designated by ground­
ing the First Load pin (FL). The Retransmit 
function is not allowed in the Depth Expansion 
Mode. 

2. All other devices must have FL in the high state. 

3. The Expansion Out (XO) pin of each device 
must be tied to the Expansion IQ.Q<T) pin of the 
next device. The Half Full Flag (HF) is disabled 
in this mode. 

Figure 12. A 4K x 9 FIFO Configuration (Depth Expansion) 

-
w xo 

R 

- -
FF EF 

MK4503 

9 9 9 

DATA IN 
I IJ\ I 

r=Fv DA 
7 e.--- I 

~ 

TA OUT 

Vee 

--
FLIRT -

FULL XI EMPTY 

r ) 

-
xo 

'-----f-- I----

- -
FF MK4503 EF 

L_ -
9 

'-----Y 1-

RS v -
FL 

_l_ 
-
XI --

VROD1007 
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EXPANSION TIMING 

Figures 13 and 14 illustrate the timing of the Ex­
pansion Out and Expansion In signals. Discussion 
of Expansion Out/Expansion In timing is provided 
to clarify how Depth Expansion works. In as much 
as Expansion Out pins are generally connected 
only to Expansion In pins, the user need not be 
concerned wit~ a~tual timing in a normal Depth 
Expande~ application unless ~treme propagation 
delays ex1st between the XO/XI pin pairs. 

Expansion Out pulses are the image of the WRITE 
and READ signals that cause them ; delayed in 
time by txoL and txoH. The Expansion Out signal is 
propagated when the last physical location in the 
memory array is written and again when it is read 
(Last Read). This is in contrast to when the Full and 

Figure 13. Expansion Out Waveforms 

w 

R 

XO 

WRITE TO 

LAST PHYSICAL 
LOCATION 

tXOL 

AC ELECTRICAL CHARACTERISTICS 
(0°C ~ TA ~ +70°C; Vee= +5V ± 10%) 

-65 
Symbol Parameter 

-80 

MK4503 

Empty Flags are activated, which is in response to 
writing and reading a last available location. 

When in Depth Expansion mode, a given MK4503 
will begin writing and reading as soon as valid 
WRITE and READ signals begin, provided FL was 
grounded at RESET time. A MK4503 in Depth 
Expansion mode with FL high at RESET will not 
begin writing until after an Expansion In pulse 
occurs. 
It will not begin reading until a second Expansion 
In pulse occurs and the Empty Flag has gone high. 
Expansion In pulses must occur tx1s before the 
WRITE and READ signals they are intended to 
enable. Mi_nimum Expansion In pulse width, tx1, and 
recovery t1me, tx1R, must be observed. 

READ FROM 
LAST PHYSICAL 

LOCATION 

tXOL 

-10 ·12 

VR00959 

-15 ·20 
Unit 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

lxoL Expansion Out Low 55 70 75 90 115 150 ns 

lxoH Expansion Out High 60 80 90 100 125 155 ns 
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MK4503 

Figure 14. Expansion In Waveforms 

1---- lXI ----1--- IXIR 

XI 

w 

-
R 

-+---+!XIS WRITE TO 

FIRST PHYSICAL 
LOCATION 

AC ELECTRICAL CHARACTERISTICS 
(0°C :s; TA :s; +70°C; Vee= +5V ± 1 0%) 

-65 -80 
Symbol Parameter 

Min. Max. Min. Max. 

lxi Expansion in Pulse Width 60 75 

tx1R 
Expansion in Recovery 

15 20 
Time 

tx1s Expansion in Set-up Time 25 30 

COMPOUND EXPANSION 

The two expansion techniques described above 
can be applied together in a straight forward man­
ner to achieve large FIFO arrays (see Figure 15). 

14/16 
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!XIS READ FROM 
FIRST PHYSICAL 

LOCATION 

VR000960 

-10 -12 ·15 -20 
Unit Nate 

Min. Max. Min. Max. Min. Max. Min. Max. 

95 

20 

45 

115 145 195 ns 1 

20 25 35 ns 

50 60 85 ns 

BIDIRECTIONAL APPLICATIONS 
Applications, which require data buffering between 
two systems (each system capable of READ and 
WRITE operations). can be achieved by pairing 
MK4503s, as shown in Figure 16. Care must be 
taken to assure that the ap.Q!fJpriate flag is moni­
tored by each ~stem. (i.e.t.ff is monitored on the 
device where W is used ; EF is monitored on the 
device where R is used). Both Depth Expansion 
and Width Expansion may be used in this mode. 



Figure 15. Compound FIFO Expansion Configuration 

R,W,RS 

DO_ ON 

00.08 00.017 
,--------------, 

00_08 

MK4503 
DEPTH EXPANSION 

BLOCK 

MK4503 

D9_DN D18_DN 

Notes: 
1. For depth expansion block see DEPTH EXPANSION Sect1on and F1gure 12. 
2. For Flag operat1on see WIDTH EXPANSION Section and F1gure 10. 

Figure 16. Bidirectional FIFO Application 
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MK4503 

ORDERING INFORMATION 

Example: MK4503 

L___P_a_c_k_ag_e _ __jl I Speed 

N PDIP28 65 65ns 

80 SOns 

10 100ns 

12 120ns 

15 150ns 

20 200ns 

For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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MK45H01 ,02,03 
MK45H11,12,13 

VERY FAST CMOS 512 I 1 K I 2K x 9 BiPORT FIFO 

• FIRST-IN-FIRST-OUT MEMORY BASED 
ARCHITECTURE 

• FLEXIBLE x 9 ORGANIZATIONS: 
-MK45H01,11 (512x9) 
- MK45H02, 12 (1 K x 9) 
- MK45H03, 13 (2K x 9) 

• LOW POWER, HIGH SPEED HCMOS TECH­
NOLOGY 

• ASYNCHRONOUS AND SIMULTANEOUS 
READ/WRITE 

• FULLY EXPANDABLE IN WORD WIDTH AND 
DEPTH 

• EMPTY AND FULL WARNING FLAGS 

• RETRANSMIT CAPABILITY 

• HALF-FULL FLAG IN SINGLE DEVICE MODE 

DESCRIPTION 

The MK45H01, 11 ,02, 12,03,13 are BiPORT™ FIFO 
memories from SGS-THOMSON Microelectronics, 
which utilize special two-port memory cell tech­
niques. Specifically, these devices implement a 
First-In-First-Out (FIFO) algorithm, featuring asyn­
chronous read/write operations, full, empty, and 
half full status flags, and unlimited expansion ca­
pability in both word size and depth. The full and 
empty flags are provided to prevent data overflow and 
underflow. 

PIN NAMES 

w Wnte 

R Read 

RS Reset 

DO-DB Data Inputs 

QO-QB Data Outputs 

FURT First Load I Retransmit 

XI Expansion Input 

XOIHF Expansion Output I Half-full Flag 

FF Full Flag 

EF Empty Flag 

Vee, GND 5 Volts, Ground 

NC Not Connected 

February 1992 

PDIP28 (N) PSDIP28 (N) 

0 
PLCC32 (K) 

Figure 1. Pin Connections 

w 1 '-"' 28 Vee 
DB 2 27 04 
03 3 26 05 
D2 4 25 06 
01 5 24 D7 

DO 6 23 IT/R'f 
Xi 

: MK45HXX ~~ R§ 
FF' IT 
00 9 20 xo;RF 
01 10 19 07 
02 , 18 06 
03 12 17 05 
08 13 16 04 

GND 14 15 R 

VA00567 

~ ~13:-~>~~ ~ 
nnn n 

4 3 2 I 32 31 30 

D2 5 29 p 06 
D1 6 28 p D7 

DO 7 27 p NC 
Xi 8 26 p i'l;Rf 

i'F 9 MK45HXX 25 pR5 
QO 10 24 EF 
01 , 23 xo;RF 

NC 12 22 07 
02 13 21 06 

1+ 15 16 17 18 19 20 

~ro~;_;;~:;l!) 
oozz oo 

(.") 

VAODS68 
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MK45H01, 11 ,02, 12,03,13 

Figure 2. Block Diagram 
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EF FF 
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I EXPANSION LOGIC I 0/HF X 

I I 

RS-----------------------1 
RESET /RETRANSMIT 

LOGIC 
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DESCRIPTION (Continued} 

The data is loaded and emptied on a first-in-first-out 
basis, and the latency for retrieval of data is ap­
proximately one load (write) cycle. These devices 
feature a read/write cycle time of only 35ns 
(28.5MHz). 

The reads and writes are internally sequential 
through the use of separate read and write pointers 
in a ring counter fashion. Therefore, no address 
information is required to load or unload c@.ta. Data 
is loaded and unloaded with the use of W (write), 
and R (read) input pins. Separate data in (D0-08) 
and data out (00-08) pins allow simultaneous and 
asynchronous read/write operations, provided the 
status flags are not protecting against data under­
flow or overflow. 

The main application of these devices is a buffer 
for sourcing and absorbing data at different rates 
(e.g., interfacing fast processors and slow periphe­
rals). The MK45HX1, MK45HX2, and MK45HX3 incor­
porate 9-bit wide data arrays that provide for 
support control or parity bit functions. This feature 
is helpful in data communications where the extra 
parity bit is used for transmission and reception 
error checking. These devices also offer retransmit 
(RT) and half-full features in single device or width 
expansion modes. The retransmit function allows 
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VR000952 

data to be re-read by resetting the read pointer 
while not disturbing the write pointer. This is for 
applications where the FIFO is not full, or is written 
with less than 512, 1 024, or 2048 words. 

FUNCTIONAL DESCRIPTION 

Unlike conventional shift register based Fl FOs, the 
MK45HX1, MK45HX2, and MK45HX3 employ a 
memory-based architecture wherein a byte written 
into the device does not "ripple through". Instead, 
a byte written into the device is stored in a specific 
location, where it remains until over-written. The 
byte can be read and re-read as often as desired 
in the single device configuration. 

Two internal pointers (ring counters) automatically 
generate the addresses required for each write and 
read operation. The empty/full flag circuit prevents 
illogical operations, such as reading un-written 
bytes (reading while empty) or over-writing un-read 
bytes (writing while full). Once a byte stored at a 
given address has been read, it can be over-writ­
ten. The address pointers automatically loop back 
to address zero after reaching the final address in 
the FIFO (512, 1024, or 2048). The empty, half full, 
and full status of the FIFO is therefore a function of 
the distance between the pointers, not of their 
absolute location. 



FUNCTIONAL DESCRIPTION (Continued) 

As long as the pointers do not catch one another, 
the FIFO can be written and read continuously 
without ever becoming full or empty. 

Resetting the FIFO simply resets the write and read 
pointers to location zero. Pulsing retransmit resets 
the read address pointer without effecting the write 
address pointer. 

With conventional FIFOs, implementation of a 
larger FIFO is accomplished by cascading individ­
ual FIFOs. The penalty of cascading is often unac­
ceptable ripple through delays. The MK45HX1, 
MK45HX2, and MK45HX3 allow implementation of 
very large FIFOs with no timing penalties. The 
memory-based architecture of the device allows 
the connection of the read, write, data in, and data 
out lines of the device in parallel. The write and read 
control circuits of the individual FIFOs are then 
automatically enabled and disabled through the 
expansion-in and expansion-out pins. 

Figure 3. Write and Full Flag Waveforms 

LAST VALID INVALID 
WRITE WRITE 

w 
\._ _ _/ 

IWFF 

FF 
NOT FULL FULL 

MK45H01, 11 ,02, 12,03,13 

WRITE MODE 
The MK45HXX initiates a Write Cycle (see Figure 
3) on !b.e falling edge of the Write Enable control 
input (W), provided that the Full Flag (FF) is not set. 
Data set-up and hold-time requirements must be 
satisfied with respect to the rising edge of W. The 
data ~s stored sequentially and independent of any 
on~omg_ Read operations. FF is set during the last 
valid wnte as the MK45H03 becomes full. Write 
operations begun with FF low are inhibited. FF will 
go high tRFF after completion of a valid READ 
operation. FF will again go low twFF from the begin­
ning of a subsequent WRITE operation, provided 
that a second READ has not been co~leted (see 
Figure 5). Writes beginning tFFW after FF goes high 
are valid. Writes beginnlr!g after FF goes low and 
more than twPI before FF goes high are invalid 
.Qg_nored). Writes beginning less than twPI before 
FF goes high and less than tFFW later may or may 
not occur (be valid), depending on the internal flag 
status. 

INDETERMINANT FIRST VALID 
WRITE WRITE 

tWR t_j 
IWPI 

NOT FUll 

FIRST 
VALID 
READ 

tDH t tDS 

D0-D8------i(vAu~"DATA H,r-r ------------<(vAu~"DATA )--<vAu~"DATA )>----

VR000953 
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MK45H01, 11 ,02, 12,03,13 

Write and Full Flag AC Operating Conditions 
(0°C ~ TA ~ +70°C, Vee= +5V ± 10%) 

-25 
Symbol Parameter 

-35 -50 -65 -12 
Unit Note 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

!we Write Cycle Time 35 45 

lwPw Write Pulse Width 25 35 

twA Write Recovery Time 10 10 

los Data Set Up Time 15 18 

toH Data Hold Time 0 0 

IWFF W Low to FF Low 25 

IFFW FF High to Valid Write 10 

IRFF R High to FF High 25 

IWPI Write Protect 10 10 lndeterminant 

.. Notes. 1. Pulse Widths less than m1mmum values are not allowed 
2. Measured us1ng equivalent output load c1rcuit 

READ MODE 

The MK45HXX initiates a Read Cycle (see Fig­
ure 4) on !be falling edge of Read Enable con­
~rol input (R), provided that the Empty Flag (EF) 
1s not set. In the read mode of operation the 
MK45HOX provides fast access to data from 9 
of th~ locations in the static storage array. The 
data 1s accessed on a FIFO basis independent 
of any on-going WRITE operations. After R 
~oes high, data outputs will return to a high 
Impedance condition until the next read oper­
ation. In the event that all data has been read 
from the FIFO, the EF will go low, and further 

Figure 4. Read and Empty Flag Waveforms 
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FF 

0-0 
0 8 

65 80 140 ns 

50 65 120 ns 1 

15 15 20 ns 

30 30 40 ns 

0 0 0 ns 

35 45 60 60 ns 2 

10 10 10 10 ns 2 

35 45 60 60 ns 2 

10 10 10 ns 2 

R_EADo~e~ati~ns_willbeinhibited(thedatainputs 
Will remam 1n high Impedance). EFwill go hi9.!!!wEF 
afte~ completion of a valid WRITE operation. EF will 
aga1n go low tREF from the beginning a subsequent 
read operation, provided that a second WRITE has 
n?t been com~ted (se~ Figure 6). Reads begin­
nmg tEFR after EF goes h1gh are valid. Reads begun 
a~er EF g?es l~w ':lnd more that tRPI before EF goes 
high are InValid 1J.9.nored). Reads beginning less 
than tRPI before EF goes high and less then tEFR 
!ater may or may not occur (be valid) depending on 
Internal flag status. 
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Read and Empty Flag AC Operating Conditions 
(0°C :5 TA :5 +70°C, Vee= +5V ± 1 0%) 

-25 
Symbol Parameter 

-35 

Min. Max. Min. Max. 

IRe Read Cycle Time 35 45 

lA Access Time 25 

IRR Read Recovery Time 10 10 

IRPW Read Pulse Width 25 35 

IRL R Low to LowZ 0 0 

tov Data Valid from R High 5 5 

IRHZ R High to High Z 18 

!REF R Low to EF Low 25 

IEFR EF High to Valid Read 10 

IWEF W High to EF High 25 

IRPI 
Read Protect 10 10 
lndeterminant 

Notes: 1. Pulse widths less than minimum values are not allowed 
2. Measured using equivalent output load circuit 

Figure 5. Read/Write to Full Flag Waveforms 
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FIRST READ 

SINCE FULL 

35 

20 

35 

10 

35 

I I-- - tFFW 

I 

FF I 

w 

Figure 6. Write/Read to Empty Flag Waveforms 

- - IW EF 

FIRST WRITE 
SINCE EMPTY 

w 
__ tEFR 

l 
I 

EF 
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-50 -65 -12 
Unit Note 

Min. Max. Min. Max. Min. Max. 

65 80 140 ns 

50 65 120 ns 2 

15 15 20 ns 

50 65 120 ns 1 

0 0 0 ns 2 

5 5 5 ns 2 

25 25 35 ns 2 

40 60 60 ns 2 

10 10 10 ns 2 

45 60 60 ns 2 

10 10 10 ns 2 

tWFF 

VR0010 12 

tREF 

VROJ1013 
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MK45H01, 11 ,02, 12,03,13 

RESET 
The MK45HXX is reset (see Figure 7) whenever 
the Reset pin (RS) is in the low state. During a reset, 
both the internal read and write pointers are set to 
the first location. Reset is required after power up, 
before a WRITE operation can begin. 

Figure 7. Reset Waveforms 

tRSC 

IRS 

RS 

IRSS 

w 
IRSS 

R 

EF 

HF,FF 

Although neith~ W or R need be high when RS 
f!Q!lS low, both R and W must be high tRss before 
RS goes high, and must remain high tRSR after­
wards. Refer to the.JQIIowiQR discussion for the 
required state of FURT and XI during Reset. 

tRSR 

VR001014 

Note : HF, EF and FF may change status dunng Reset, but flags Will be valid at IRsc. 

Reset AC Operating Conditions (0°C:;:; TA:;:; +70°C, Vee= +5V + 10%) -
-25 -35 -50 -65 -12 

Symbol Parameter Unit Note 
Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

IRSC Reset Cycle Time 35 45 65 80 140 ns 

IRs Reset Pulse Width 25 35 50 65 120 ns 1 

IRS A Reset Recovery Time 10 10 15 15 20 ns 

lAss Reset Set Up Time 25 30 30 45 100 ns 

Note: 1. Pulse w1dths less than m1n1mum values are not allowed 

6/16 

826 



RETRANSMIT 
The MK45HXX can be made to retransmit (re-read 
previously read data) after the Retransmit pin (RT) 
is pulsed low (see Figure 8). A Retransmit operation 
sets the internal read pointer to the first location in 
the array, but will not affect the position of the write 

Figure 8. Retransmit Waveforms 

~---------- tRTC 

MK45H01,11,02,12,03,13 

pointer. R must be inactive tATS before RT goes 
high, and must remain high for tRTR afterwards. 

The Retransmit function is particularly useful when 
blocks of less than the total FIFO depth are per­
formed between Resets. The Retransmit feature is 
not compatible with Depth Expansion. 

~----------- tRT -------1 

RT 

tRTS _____ 1 

Note : HF, EF and FF may change status during Retransmit, but flags will be valid at tRTc. 

Retransmit AC Operating Conditions 
(0°C :s; TA :s; +70°C, Vee= +5V ± 1 0%) 

Symbol Parameter 
-25 

Min. Max. 

IRTC Retransmit Cycle Time 35 

tRT Retransmit Pulse Width 25 

tRTR 
Retransmit 10 Recovery Time 

tATS Retransmit Set Up Time 25 

Note: 1. Pulse widths less that minimum values are not allowed 

-35 -50 

Min. Max. Min. Max. 

45 65 

35 50 

10 15 

30 30 

IRTR 

FLAG VALID 

VR001015 

-65 -12 
Unit Note 

Min. Max. Min. Max. 

80 140 ns 

65 120 ns 1 

15 20 ns 

45 100 ns 
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MK45H01, 11 ,02, 12,03,13 

SINGLE DEVICE CONFIGURATION 

A single MK45HXX may be used when application 
requirements are for a depth of the device depth or 
less. The MK45HXX is placed in the Single Device 
Configuration mod~ when the chip is Reset with the 
Expansion In pin (XI) grounded (see Figure 9). 

Figure 9. A Single MK45HXX FIFO Configuration 

EXPANSION OUT IXOI 

1 
-

WRITE IWI 

9 

WIDTH EXPANSION 
Word width may be increased simply by connecting 
the corresponding input control signals of multiple 
devices. Status Flags (EF and FF) can be detected 
from any one device. Figure 10 demonstrates an 
18-bit word width by using two MK45HXXs. Any 
word width can be attained by adding additional 
MK45HXXs. The half full flag (HF) operates the 
same as in single device configuration. 

-
IRI READ 

9 

I 
DATA IN 

_l\ I 
MK45HOX DATA OUT 

I 
IFF IV - 7 

FULL FLAG IEFI EMPTY FL AG 

-
RESET IRS I IRTI RETRANS MIT 

- _l_ EXPANSION IN lXII 

VR001016 

Figure 10. A Two Device Width Expansion FIFO Configuration 

IXOI EXPANSION OUT 

IWI 
WRITE IRI READ 

FULL FLAG 
IFF I 

IRS I MK45HOX MK45HOX (EF) EMPTY FLAG 
RESET 

DATA 

EXPANSION IN (XII 
OUT 

VROOIOI7 

Note: Flag detection is accomplish.ed by monitoring the FF and EF signals on either (any) dev1ce used in the width expans1on configuration 
Do not connect flag output Signals together. · 
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HALF FULL FLAG LOGIC 
When in single device configuration, the (HF) out­
put acts as an indication of a half full memory. After 
half of the memory is filled, and at the fallin~dge 
of the next write operation, the half full flag (HF) will 
be set low and remain low until the difference 
between the write pointer and read pointer is less 
than or e.9.1:!.al to one half the total memory. The half 
full flag (HF) is then reset by the rising edge of the 
read operation (see Figure 11 ). 

Figure 11. Half Full Flag Waveforms 

HALF-FULL HALF-FULL+1 

I 
w 

R 

f-- tWHF-

HF 

I 

Half Full Flag AC Operating Conditions 
(0°C < TA < +70°C Vee- +5V + 1 0%) , -

-25 
Symbol Parameter 

-35 

MK45H01, 11 ,02, 12,03,13 

DEPTH EXPANSION (Daisy Chain) 

The MK45HXX can be easily adapted to applica­
tions when the requirements are greater than the 
individual device word depth. Figure 12 demon­
strates Depth Expansion using two MK45HXXs. 
Any depth can be attained by adding additional 
MK45HXXs. 

External logic is needed to generate a composite 
Full and Empty Flag. This require.§J.he ORing of all 
the EFs and the ORing of all the FFs (i.e., all must 
be set to generate the composite FF or EF). 

HALF-FULL 

t---1- tRHF 

I VR00100 

-50 -65 -12 
Unit Note 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

IWHF 
Write Low to Half Full 30 35 45 60 60 ns Flag Low 

tRHF 
Read High to Half Full 30 35 45 60 60 ns 
Flag High 

9/16 
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MK45H01, 11 ,02, 12,03,13 

The MK45HXX operates in the Depth Expansion 
configuration after the chip is Reset under the 
below listed conditions : 

1. The first device must be designated by ground­
ing the First Load pin (FL). The Retransmit 
function is not available in the Depth Expansion 
Mode. 

2. All other devices must have FL in the high state. 

3. The Expansion Out (XO) pin of ~ach device 
must be tied to the Expansion lrU2<1) pin of the 
next device. The Half Full Flag (HF) is disabled 
in this mode. 

EXPANSION TIMING 

Figures 13 and 14 illustrate the timing of the Ex-

pansion Out and Expansion In signals. Discussion 
of Expansion Out/Expansion In timing is provided 
to clarify how Depth Expansion works. Due to the 
fact that Expansion Out pins are generally con­
nected only to Expansion In pins, the user does not 
need to be concerned with the actual timing in a 
normal Depth Expanded application unles_§_e~ 
treme propagation delays exist between the XO/XI 
pin pairs. 

Expansion Out pulses are the identical to the 
WRITE and READ signals but ; delayed in time by 
txoL and txoH. The Expansion Out signal is propa­
gated when the last physical location in the memory 
array is written and again when it is read (Last 
Read). This is in contrast to when the Full and 
Empty Flags are activated, which is in response to 
writing and reading a last available location. 

Figure 12. A Two Device Depth Expansion Configuration 

-
xo 

w R 

- -

FF EF 

MK45HOX 

9 9 9 

DATA IN 
I I.J\ I 

DA --+-V ,_____ 
I I 

TA OUT 

.--- '-- Vee 
--
FLIRT 

-
XI 

FULL ( ) EMPTY 

-
XO 

L__ - -
- -
FF MK45HOX EF 

- - c---
9 

L__~ -

v -
FL 

- -b 
XI --

VR001018 
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When in Depth Expansion mode, a given 
MK45HXX will begin writing and reading as soon 
as valid WRITE and READ signals begin, provided 
FL was grounded at RESETJ!!ne. A MK45HXX in 
Depth Expansion mode with FL high at RESET will 
not begin writing until after an Expansion In pulse 
occurs. 

Figure 13. Expansion Out Waveforms 

WRITE TO 

- --------. LAST PHYSICAL 
w LOCATION 

MK45H01, 11 ,02, 12,03,13 

It will not begin reading until a second Expansion 
In pulse and the Empty Flag has gone high. Expan­
sion In pulses must occur tx1s before the WRITE 
and READ signals are intended to enable. Mini­
mum Expansion In pulse width, tx1, and recovery 
time, tx1R, must be observed. 

READ FROM 

h 
LAST PHYSICAL 

il 
LOCATION 

-,-1- tXOL --1- tXOH 

-
XO 

Expansion Out AC Operating Conditions 
(0°C ~ T A~ +70°C, Vee= +5V ± 1 0%) 

-25 
Symbol Parameter 

Min. Max. 

txoL Expansion Out Low 25 

txoH Expansion Out High 25 

-35 

Min. Max. 

35 

35 

tXOL tXOH 

r--
I VR00959 

-50 -65 -12 
Unit Note 

Min. Max. Min. Max. Min. Max. 

40 55 90 ns 

40 55 90 ns 
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MK45H01, 11 ,02, 12,03,13 

Figure 14. Expansion In Waveforms 

j,---t-X-IR_=j 
f.---- !XI 

XI 

-+----f- \XIS 

w 

WRITE TO 
FIRST PHYSICAL 

LOCATION 

Expansion In AC Operating Conditions 
(0°C ~ TA ~ +70°C, Vee= +5V ± 10%) 

\XIS READ FROM 
FIRST PHYSICAL 

LOCATION 
1'-----_________J 

VR000960 

-25 -35 -50 -65 -12 
Symbol Parameter 

Min. Max. Min. 

txr 
Expansion in Pulse 25 35 
Width 

txrR 
Expansion In 10 10 Recovery Time 

txrs Expansion In Setup Time 15 15 

Note: 1. Pulse widlhs less than minimum values are not allowed 

COMPOUND EXPANSION 

The two expansion techniques described above 
can be applied together in a straight forward man­
ner to achieve large FIFO arrays (see Figure 15). 

BIDIRECTIONAL APPLICATIONS 

Applications, which require data buffering between 

Unit Note 
Max. Min. Max. Min. Max. Min. Max. 

45 60 115 ns 1 

10 10 10 ns 

15 15 15 ns 

two systems (each system capable of READ and 
WRITE operations), can be achieved by pairing 
MK45HXXs, as shown in Figure 16. Care must be 
taken to ensure that the appropriate flag is monitored 
by each system. (i.e., FF is monitored on the device 
where W is used ; EF is monitored on the device 
where R is used). Both Depth Expansion and Width 
Expansion may be used in this mode. 

12/16 ~ SCS·THOMSON 
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Figure 15. Compound FIFO Expansion Configuration 
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Figure 16. Bidirectional FIFO Application 
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MK45H01, 11 ,02, 12,03,13 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

V1 Voltage on any Pin Relative to Ground --0.3 to +7 v 
TA Operating Temperature Oto 70 oc 

TsTG Storage Temperature -55 to +125 oc 
Po Power Dissipation 1 w 

lour Output Current 20 rnA 

Note : Th1s IS a stress rating only and functional operation of the dev1ce at these or any other conditions above those ind1cated in the operation 
sections of this spef1cation in not implied. Exposure to absolute maximum ratings for extended periods of t1me may affect device 
reliability. 

RECOMMENDED DC OPERATING CONDITIONS (0°C :s; T A :s; +70°C) 

Symbol Parameter Min. Max. 

Vee Supply Voltage 4.5 5.5 

GND Ground 0 0 

V1H Logic 1 All Inputs 2 Vee+ 0.3 

VIL Logic 0 All Inputs --0.3 0.8 

Notes: 1. All Voltages are referenced to ground 
2. V1H = 2 5V on the RS pin for MK45H01, 11, 02,12 

DC ELECTRICAL CHARACTERISTICS (0°C < TA:S:+70°C, Vee= +5V± 10%) -

Symbol Parameter 

leet Average Vee Power Supply Current 

lee2 
Average Standby Current 
(ih W = RS = FLIRT = V1H ) 

lec3 
Power Down Current 
(Inputs 2: Vee -0.2V) 

ilL Input Leakage Current (Any Input) 

loL Output Leakage Current 

VoH Output Logic 1 Voltage (lour= -4.0mA) 

VoL Output Logic 0 Voltage (lour = 8.0mA) 

Notes : 1. Icc measurements are made with outputs open. 
2. Measured with 0.4V:> V1N,; Vee. 
3. R;, V1H, 0.4;, Vour,; Vee. 
4. All voltages are referenced to ground. 

CAPACITANCE (TA= 25°C, f= 1 MHz) 

Symbol Parameter 

Ct Capacitance on Input Pins 

Co Capacitance on Output Pins 

Notes : 1. Th1s parameter IS only sampled and not 100% tested 
2. Output buffer deselected 
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Min. Max. 

120 

12 

2 

-1 1 

-10 10 

2.4 

0.4 

Typ. Max. 

8 

12 

Units Note 

v 1 

v 
v 1,2 

v 1 

Units Note 

rnA 1 

rnA 1 

rnA 1 

;tA 2 

;tA 3 

v 4 

v 4 

Unit Note 

pF 1 

pF 1,2 



AC TEST CONDITIONS 

Parameter 

Input Levels 

Transition Time 

Input Signal Timing Reference Level 

Output Signal liming Reference Levels 

Ambient Temperature 

Supply Voltage 

Figure 17. Equivalent Output Load Circuit 

DEVICE 

UNDER 
TEST 

5V 

CL includes JIG capacitance 

MK45H01, 11 ,02, 12,03,13 

Value Unit 

Oto 3 v 
5 ns 

1.5 v 
1.5 and 1.9 v 

0 to 70 oc 
5±10% v 

VA00614 
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MK45H01, 11 ,02,12,03, 13 

ORDERING INFORMATION 

Example: MK45H02 N 25 

.-----I' 1-------. 
Package Speed 

N PDIP28 25 25ns 
and/or 

PSDIP28 35 35ns 

K PLCC32 50 SOns 

65 65ns 

12 120ns 

For a list of available options of Package and Speed, refer to the Selector Guide in this Data Book or to 
the current Memory Shortform Catalogue. 

For further information on any aspect of this device, please contact our Sales Office nearest you. 

16/16 
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MK45H04,14 
MK45H08 

VERY FAST CMOS 4K I 8K x 9 BiPORT FIFO 

• FIRST-IN-FIRST-OUT MEMORY BASED 
ARCHITECTURE 

• FLEXIBLE x 9 ORGANIZATIONS: 
- MK45H04,14 (4K x 9) 
- MK45H08 (BK x 9) 

• LOW POWER, HIGH SPEED HCMOS TECH­
NOLOGY 

• ASYNCHRONOUS AND SIMULTANEOUS 
READ/WRITE 

• FULLY EXPANDABLE IN WORD WIDTH AND 
DEPTH 

• EMPTY AND FULL WARNING FLAGS 
• RETRANSMIT CAPABILITY 
• HALF-FULL FLAG IN SINGLE DEVICE MODE 

DESCRIPTION 

The MK45HX4 and MK45H08 are BiPORfrM FIFO 
memories from ffi&11-Div1SCN Microelectronics, 
which utilize special two-port mem-ory cell tech­
niques. Specifically, these devices implement a 
First-In-First-Out (FIFO) algorithm, featuring asyn­
chronous read/write operations, full, empty, and 
half full status flags, and unlimited expansion ca­
pability in both word size and depth. The full and 
empty flags are provided to prevent data overflow and 
underflow. 

PIN NAMES 

w Write 

R Read 

RS Reset 

DO-DB Data Input 

Q0-08 Data Output 

FURT First Load I Retransmit 

XI Expansion Input 

XOIHF Expansion Output I Half-full Flag 

FF Full Flag 

EF Empty Flag 

Vee, GND 5 Volts, Ground 

NC Not Connected 

February 1992 

.. '~~ ~ ~~~~~ 2)~~~~uc 

PDIP28 PSDIP28 (N) 

PLCC32 (K) 

Figure 1. Pin Connections 

w 1 \J 
28 Vee 

D8 2 27 D4 
D3 3 26 05 
02 4 25 06 
01 5 24 07 

DO 6 23 FL/Rf 
Xi 7 22 

-
MK45HXX RS 

FF 8 21 IT 
QO 9 20 XO/HF 
01 10 19 07 

Q2 11 18 06 
03 12 17 05 
08 13 16 04 

GND 14 15 R 

VA00567 

u 
8 ~I~~ Y6 ~ 
n nn nn n n 
4 3 2 1 32 31 30 

02 [ 5 29 06 
01 [ 6 28 07 

DO [ 7 27 NC 

Xi [ 8 26 Ft:;Rf 
F'F 9 MK45HXX 25 R5 
QO " 24 rr 
01 " " J Xci;Hi' 

NC 12 22 p 07 
Q2 13 21 p Q6 

14 15 16 17 18 19 20 

t<l o:) 0 0 lfr: "¢ lf) 

oozz a a 
C> 

VA00568 
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MK45H04, 14,08 

Figure 2. Block Diagram 

9/ 9 / 
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7 I I 
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INPUT I OUTPUT 
BUFFER BUFFER 

·I WRITE ~ H WRITE ~ ~ READ ~ ~ READ X 9 
w ADDRESS BiPORT •• ADDRESS il 

CONTROL POINTER MEMORY ARRAY POINTER CONTROL 

r FLAG 1 

l LOGIC r -
FF EF 

ll 
I I 
I EXPANSION LOGIC I X 0/HF 
I I 

RS-----------------------1 
RESET /RETRANSMIT 

LOGIC 
1-------------------- RT 

DESCRIPTION {Continued) 

The data is loaded and emptied on a first-in-first-out 
basis, and the latency for retrieval of data is ap­
proximately one load (write) cycle. These devices 
feature a read/write cycle time of only 35ns 
(28.5MHz). 

The reads and writes are internally sequential 
through the use of separate read and write pointers 
in a ring counter fashion. Therefore, no address 
information is required to load or unload c@.ta. Data 
is loaded and unloaded with the use of W (write), 
and R (read) input pins. Separate data in (D0-08) 
and data out (00-08) pins allow simultaneous and 
asynchronous read/write operations, provided the 
status flags are not protecting against data under­
flow or overflow. 

The main application of these devices is a buffer 
for sourcing and absorbing data at different rates 
(e.g., interfacing fast processors and slow periph­
erals). The MK45HX4 and MK45H08 incorporate 
9-bit wide data arrays that provide for support 
control or parity bit functions. This feature is helpful 
in data communications where the extra parity bit 
is used for transmission and reception error check­
ing. These devices also offer retransmit (RT) and 
half-full features in single device or width expansion 
modes. The retransmit function allows data to be 
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re-read by resetting the read pointer while not 
disturbing the write pointer. This is for applications 
where the FIFO is not full, oris written with less than 
4096 or 8192 words. 

FUNCTIONAL DESCRIPTION 

Unlike conventional shift register based FIFOs, the 
MK45HX4 and MK45H08 employ a memory-based 
architecture wherein a byte written into the device 
does not "ripple through". Instead, a byte written 
into the device is stored in a specific location, where 
it remains until over-written. The byte can be read 
and re-read as often as desired in the single device 
configuration. 

Two internal pointers (ring counters) automatically 
generate the addresses required for each write and 
read operation. The empty/full flag circuit prevents 
illogical operations, such as reading un-written 
bytes (reading while empty) or over-writing un-read 
bytes (writing while full). Once a byte stored at a 
given address has been read, it can be over-written. 
The address pointers automatically loop back 
to address zero after reaching the final address in 
the FIFO (4096 or 8192). The empty, half full, and 
full status of the FIFO is therefore a function of the 
distance between the pointers, not of their absolute 
location. 



FUNCTIONAL DESCRIPTION (Continued) 

As long as the pointers do not catch one another 
the FIFO can be written and read continuously 
without ever becoming full or empty. 

Resetting the FIFO simply resets the write and read 
pointers to location zero. Pulsing retransmit resets 
the read address pointer without effecting the write 
address pointer. 

With conventional FIFOs, implementation of a 
larger FIFO is accomplished by cascading individ­
ual FIFOs. The penalty of cascading is often unac­
ceptable ripple through delays. The MK45HX4, and 
MK45H08 allow implementation of very large 
Fl F~s with no timing p~nalties. The memory-based 
architecture of the dev1ce allows the connection of 
the read, write, data in, and data out lines of the 
device in parallel. The write and read control cir­
cuits of the individual FIFOs are then automatically 
enabled and disabled through the expansion-in 
and expansion-out pins. 

Figure 3. Write and Full Flag Waveforms 

w 

FF 
IWFF 

LAST VALID 
WRITE 

NOT FULL 

INVALID 
WRITE 

MK45H04,14,08 

WRITE MODE 
The MK45HXX initiates a Write Cycle (see Figure 
3) on !he falling edge of the Write Enable control 
input (W), provided that the Full Flag (FF) is not set. 
Data set-up and hold-time requirements must be 
satisfied with respect to the rising edge of W. The 
data ~s stored sequentially and independent of any 
on~omg_ Read operations. FF is set during the last 
valid wnte as the MK45HXX becomes full. Write 
operations begun with FF low are inhibited. FF will 
go high tRFF after completion of a valid READ 
operation. FF will again go low twFF from the begin­
nmg of a subsequent WRITE operation, provided 
t~at a secon~ READ _ha~ not been CO!!!fJieted (see 
F1gure 5). Wntes begmmng tFFW after FF goes high 
are valid. Writes beginnl!Jg after FF goes low and 
':lore than twPI before FF goes high are invalid 
llil_nored). Writes beginning less than twPI before 
FF goes high and less than tFFW later may or may 
not occur (be valid), depending on the internal flag 
status. 

INDETERMINANT 
WRITE 

t _ _/ 
IWPI 

.J 

FIRST VALID 
WRITE 

IWR 

NOT FULL 

FIRST 
VALID 
READ 

tDH 

D-D -------1. 
D 8 ~~~ 

VR000953 
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MK45H04,14,08 

Write and Full Flag AC Operating Conditions 
(0°C ~ TA ~ +70°C, Vee= +5V ± 1 0%) 

·25 
Symbol Parameter 

-35 -50 -65 -12 
Unit Note 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

twc Write Cycle Time 35 45 

lwpw Write Pulse Width 25 35 

lwR Write Recovery Time 10 10 

los Data Set Up Time 15 18 

loH Data Hold Time 0 0 

IWFF W Low to FF Low 25 

IFFW FF H1gh to Valid Write 10 

IRFF R High to FF High 25 

IWPI 
Write Protect 10 10 
lndeterminant 

Notes: 1. Pulse Widths less than m1n1mum values are not allowed 
2 Measured using equivalent output load mcu1t 

READ MODE 
The MK45HXX initiates a Read Cycle (see Fig­
ure 4)_Qn the falling edge of Read Enable control 
input (R), provided that the Empty Flag (EF) is not 
set. In the read mode of operation, the MK45HXX 
provides fast access to data from 9 of the locations 
in the static storage array. The data is accessed on 
a FIFO basis indeQ!lndent of any on-going WRITE 
operations. After R goes high, data outputs will 
return to a high impedance condition until the next 
read operation. In the event that all data has been 
read from the FIFO, the EF will go low, and further 

Figure 4. Read and Empty Flag Waveforms 

FIRST 

65 80 140 ns 

50 65 120 ns 1 

15 15 20 ns 

30 30 40 ns 

0 0 0 ns 

35 45 60 60 ns 2 

10 10 10 10 ns 2 

35 45 60 60 ns 2 

10 10 10 ns 2 

READ operations will be inhibited l!!!e data out­
puts will remain in high impedance). EF will go high 
twEF after completion of a valid WRITE operation. 
EF will again go low tREF from the beginning a 
subsequent read operation, provided that a second 
WRITE has not been comB!§ted (see Figure 6). 
Reads beginning tEFR after EF goes high are valid. 
Reads ~un after EF goes low and more that tRPI 
bef~re .EF goes high are invalid_(jgnored). Reads 
beg1nn1ng less than tRPI before EF goes high and 
less then tEFR later may or may not occur (be valid) 
depending on internal flag status. 

~ 
~-=--EMPTY 1 NOT E:;-;;MP:::;:T:;-Y ---
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Read and Empty Flag AC Operating Conditions 
(0°C :<> TA :<> +70°C, Vee= +5V ± 10%) 

-25 
Symbol Parameter 

-35 

Min. Max. Min. Max. 

IRe Read Cycle Time 35 45 

lA Access Time 25 

IRA Read Recovery Time 10 10 

tRPW Read Pulse Width 25 35 

tAL R Low to LowZ 0 0 

tov Data Valid from R High 5 5 

tRHZ R High to High Z 18 

tREF R Low to EF Low 25 

tEFR EF High to Valid Read 10 

twEF W High to EF High 25 

tAP I 
Read Protect 10 10 lndeterminant 

Notes: 1. Pulse widths less than minimum values are not allowed 

2. Measured us1ng equivalent output load CirCUit 

Figure 5. Read/Write to Full Flag Waveforms 
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Figure 6. Write/Read to Empty Flag Waveforms 

r-----1- tWEF 

FIRST WRITE 
SINCE EMPTY 

w 
\ I 

f----- tEFR 

\ 

I 
EF 

I 
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-50 -65 -12 
Unit Note 

Min. Max. Min. Max. Min. Max. 

65 80 140 ns 

50 65 120 ns 2 

15 15 20 ns 

50 65 120 ns 1 

0 0 0 ns 2 

5 5 5 ns 2 

25 25 35 ns 2 

40 60 60 ns 2 

10 10 10 ns 2 

45 60 60 ns 2 

10 10 10 ns 2 

tWFF 

I VROOlD 12 

I REF 

VRJ01013 
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RESET 
The MK45HXX is reset (see Figure 7) whenever 
the Reset pin (RS) is in the low state. During a reset, 
both the internal read and write pointers are set to 
the first location. Reset is required after power up, 
before a WRITE operation can begin. 

Although neith~ W o!:....ft need be high when RS 
9Q?S low, both R and W must be high tRss before 
RS goes high, and must remain high tRSR after­
wards. Refer to the followif!.9. discussion for the 
required state of FURT and XI during Reset. 

Figure 7. Reset Waveforms 

1-------- IRSC ---------1 

--------IRS----------~ 

RS 

+----J..- tRSR 
~-----tRSS------~ 

!RSS --------1 

EF 

Note : HF, EF and FF may change status dunng Reset, but flags will be valid at lAse. 

Reset AC Operating Conditions (0°C :s; TA :s; +70°C, Vee= +5V + 10%) -
-25 -35 -50 

Symbol Parameter 
Min. Max. Min. Max. Min. Max. 

IRSC Reset Cycle Time 35 45 65 

IRS Reset Pulse Width 25 35 50 

IRS A Reset Recovery Time 10 10 15 

lAss Reset Set Up_Time 25 30 30 
.. 

Note. 1. Pulse Widths less than m1mmum values are not allowed 

6/16 

842 

ru SliS·THOMSON -:"!I. ~D©Iiil©rn~rn©li'liii©OOD©iil 

·65 

Min. Max. 

80 

65 

15 

45 

VR001014 

-12 
Unit Note 

Min. Max. 

140 ns 

120 ns 1 

20 ns 

100 ns 



RETRANSMIT 
The MK45HXX can be made to retransmit (re-read 
previously read data) after the Retransmit pin (RT) 
is pulsed low (see Figure 8). A Retransmit operation 
sets the internal read pointer to the first location in 
the array, but will not affect the position of the write 

Figure 8. Retransmit Waveforms 

MK45H04, 14,08 

pointer. R must be inactive tRTS before RT goes 
high, and must remain high for tmR afterwards. 

The Retransmit function is particularly useful when 
blocks of less than the total FIFO depth are per­
formed between Resets. The Retransmit feature is 
not compatible with Depth Expansion. 

-----------~·::: ____________ ~ __ _, ________________ ___ 
RT 

IL-------------------~ 
--t-----t- tRTR 

tRTS ------------1 

Note : HF, EF and FF may change status dunng Retransmit, but flags w11l be valid at tRTc. 

Retransmit AC Operating Conditions 
(ooc::; TA::; +70°C, Vee= +5V ± 1 0%) 

Symbol Parameter 
-25 -35 -50 -65 

VR001015 

-12 
Unit 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

tRTC Retransmit Cycle Time 35 45 65 80 140 ns 

tRT Retransmit Pulse Width 25 35 50 65 120 ns 

IRTR 
Retransmit 10 10 15 15 20 ns 
Recovery Time 

tRTS Retransmit Set Up Time 25 30 30 45 100 ns 

Note: 1. Pulse widths less that minimum values are not allowed 

Note 

1 

7/16 
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SINGLE DEVICE CONFIGURATION 

A single MK45HXX may be used when application 
requirements are for a depth of the device depth or 
less. The MK45HXX is placed in the Single Device 
Configuration mod~_when the chip is Reset with the 
Expansion In pin (XI) grounded (see Figure 9). 

Figure 9. A Single MK45HXX FIFO Configuration 

EXPANSION OUT IXO) 

l 
WRITE (W) 

9 
I 

WIDTH EXPANSION 
Word width may be increased simply by connecting 
the corresponding input control signals of multiple 
devices. Status Flags (EF and FF) can be detected 
from any one device. Figure 10 demonstrates an 
18-bit word width by using two MK45HXXs. Any 
word width can be attained by adding additional 
MK45HXXs. The half full flag (HF) operates the 
same as in single device configuration. 

-
(R) READ 

9 
I 

DATA IN J\ MK45HOX 1) DATA OUT 
I 

IFF Ill 
- I 

FULL FLAG (EF) EMPTY FL AG 

-

RESET IRS) IRTI RETRANS MIT 

- __L EXPANSION IN (XI) 

VR001016 

Figure 10. A Two Device Width Expansion FIFO Configuration 

IXOI EXPANSION OUT 

!WI 
WRITE (R) READ 

FULL FLAG 
IFF) 

(RS) MK45HOX MK45HOX (EFI EMPTY FLAG 
RESET 

DATA 
EXPANSION IN (XI) 

OUT 

VROOI017 

Note : Flag detection is accomplished by monitoring the FF and EF signals on either (any) device used in the width expansion configuration 
Do not connect flag output Signals together. · 
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HALF FULL FLAG LOGIC 
When in single device configuration, the (HF) out­
put acts as an indication of a half full memory. After 
half of the memory is filled, and at the fallin~dge 
of the next write operation, the half full flag (HF) will 
be set low and remain low until the difference 
between the write pointer and read pointer is less 
than or e.9!!_al to one half the total memory. The half 
full flag (HF) is then reset by the rising edge of the 
read operation (see Figure 11). 

Figure 11. Half Full Flag Waveforms 

HALF-FULL HALF-FULL+1 

I 
w 

I-- !WHF-

HF 

I 

Half Full Flag AC Operating Conditions 
(0°C < TA < +70°C, Vee= +5V ± 10%) - -

-25 
Symbol Parameter 

-35 

MK45H04, 14,08 

DEPTH EXPANSION (Daisy Chain) 

The MK45HXX can be easily adapted to applica­
tions when the requirements are greater than the 
individual device word depth. Figure 12 demon­
strates Depth Expansion using two MK45HXXs. 
Any depth can be attained by adding additional 
MK45HXXs. 

External logic is needed to generate a composite 
Full and Empty Flag. This requires the ORing of all 
the EFs and the ORing of all the FFs (i.~all must 
be set to generate the composite FF or EF). 

HALF-FULL 

!RHF 

VR00100 

-50 -65 -12 
Unit Note 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

tWHF 
Write Low to Half Full 30 35 45 60 60 ns 
Flag Low 

tRHF 
Read High to Half Full 30 35 45 60 60 ns 
Flag High 
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The MK45HXX operates in the Depth Expansion 
configuration after the chip is Reset under the 
below listed conditions : 

1. The first device must be designated by ground­
ing the First Load pin (FL). The Retransmit 
function is not available in the Depth Expansion 
Mode. 

2. All other devices must have FL in the high state. 

3. The Expansion Out (XO) pin of _g_ach device 
must be tied to the Expansion 1~1) pin of the 
next device. The Half Full Flag (HF) is disabled 
in this mode. 

EXPANSION TIMING 
Figures 13 and 14 illustrate the timing of the Ex­
pansion Out and Expansion In signals. Discussion 

of Expansion Out/Expansion In timir:Jg is provided 
to clarify how Depth Expansion works. Due to the 
fact that Expansion Out pins are generally con­
nected only to Expansion In pins, the user does not 
need to be concerned with the actual timing in a 
normal Depth Expanded application unle~e~ 
treme propagation delays exist between the XO/XI 
pin pairs. 

Expansion Out pulses are the identical to the 
WRITE and READ signals but ; delayed in time by 
txoL and txoH. The Expansion Out signal is propa­
gated when the last physical location in the memory 
array is written and again when it is read (Last 
Read). This is in contrast to when the Full and 
Empty Flags are activated, which is in response to 
writing and reading a last available location. 

Figure 12. A Two Device Depth Expansion Configuration 

-

xo 
w R 

- -
FF EF 

MK45HOX 

9 9 9 

DATA IN 
I IJ\ I DA 

7---v I 
~ 

I 
TA OUT 

- - Vee 

FLIRT 
-
XI 

FULL ( EMPTY 

-
XO 

- t- -
- -
FF MK45HOX EF 

'-- ~ -

9 

-~ t--

ll -
FL s 

-b -
XI --

VR001018 
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When in Depth Expansion mode, a given 
MK45HXX will begin writing and reading as soon 
as valid WRITE and READ signals begin, provided 
FL was grounded at RESET time. A MK45HXX in 
Depth Expansion mode with FL high at RESET will 
not begin writing until after an Expansion In pulse 
occurs. 

Figure 13. Expansion Out Waveforms 

WRITE TO 

W- -, LAST PHYSICAL 

~~----~LO~C~A~T~IO~N~--~ 

jj 

( 

MK45H04, 14,08 

It will not begin reading until a second Expansion 
In pulse and the Empty Flag has gone high. Expan­
sion In pulses must occur tx1s before the WRITE 
and READ signals are intended to enable. Mini­
mum Expansion In pulse width, tx1, and recovery 
time, tx1R, must be observed. 

J 

READ FROM 
LAST PHYSICAL 

LOCATION 

-c----- tXOL -c----- tXOH --1- tXOL --1- tXOH 

XO 

Expansion Out AC Operating Conditions 
(0°C ~ TA ~ +70°C, Vee= +5V ± 1 0%) 

-25 
Symbol Parameter 

" 

-35 

VR00959 

-50 -65 -12 
Unit Note 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

txoL Expansion Out Low 25 35 40 55 90 ns 

txoH Expansion Out High 25 35 40 55 90 ns 

11/16 

847 



MK45H04, 14,08 

Figure 14. Expansion In Waveforms 

lXI IXIR_ 

-
XI 

!XIS 
WRITE TO 

FIRST PHYSICAL -w LOCATION 

R 

Expansion In AC Operating Conditions 
(0°C:::; TA:::; +70°C, Vee= +5V ± 10%) 

-25 
Symbol Parameter 

!XIS READ FROM 

~ 
FIRST PHYSICAL 

LOCATION 

VR000960 

-35 -50 -65 -12 
Unit Note 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

tx1 
Expansion in Pulse 25 35 Width 

lx1R 
Expansion In 10 10 Recovery T1me 

IXIS Expansion In Setup lime 15 15 

Note: 1. Pulse widths less than m1mmum values are not allowed 

COMPOUND EXPANSION 

The two expansion techniques described above 
can be applied together in a straight forward man­
ner to achieve large FIFO arrays (see Figure 15). 

BIDIRECTIONAL APPLICATIONS 

Applications, which require data buffering between 

12/16 

848 

45 60 115 ns 1 

10 10 10 ns 

15 15 15 ns 

two systems (each system capable of READ and 
WRITE operations), can be achieved by pairing 
MK45HXXs, as shown in Figure 16. Care must be 
taken to ensure that the ap£!:9priate flag is moni­
tored by each ~stem. (i.e.,£f is monitored on the 
device where W is used ; EF is monitored on the 
device where R is used). Both Depth Expansion 
and Width Expansion may be used in this mode. 
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Figure 15. Compound FIFO Expansion Configuration 

00_08 QO_Q17 l QO_QN 

00_08 
0(N-8I_ON 

MK45HOX MK45HOX MK45HOX 
R,W,RS 

DEPTH EXPANSION DEPTH EXPANSION 

BLOCK BLOCK 

D(N-8I_DN 

DO_ ON 
D9_DN D18_DN DIN-8I_DN 

VR001019 

Figure 16. Bidirectional FIFO Application 

- -
WA R B 

FFA -
MK45HOX 

EF8 

J\ 

o:o.sv a o-8 
B 

SYSTEM A - - - - - - - - - - SYSTEM B 

OA0-8 ~ 
\f 

MK45HOX -
lf A w. 
EFA FFa 

VR001020 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VI Voltage on any Pin Relative to Ground -Q.3to+7 v 
TA Operating Temperature Oto70 oc 

TsTG Storage Temperature -55to+125 oc 
Po Power Dissipation 1 w 
lour Output Current 20 rnA 

Note : This is a stress rating only and functional operation of the device at these or any other cond1t1ons above those ind1cated in the operation 
sections of this spefication in not implied. Exposure to absolute maximum ratings for extended periods of time may affect device 
reliability. 

RECOMMENDED DC OPERATING CONDITIONS (0°C~TA ~ +70°C) 

Symbol Parameter Min. Max. 

Vee Supply Voltage 4.5 5.5 

GND Ground 0 0 

VIH Logic 1 All Inputs 2 Vcc+0.3 

VIL Logic 0 All Inputs -Q.3 0.8 

Note : 1. All Voltages are referenced to ground 

DC ELECTRICAL CHARACTERISTICS (0°C~ TA ~ +70°C, Vee= +5V ±1 0%) 

Symbol Parameter 

lcc1 Average Vee Power Supply Current 

lcc2 
~era~ Standby Current 
(R = W = RS = FLIRT = V1H ) 

lcc3 
Power Down Current 
(Inputs?: Vee -0.2V) 

I1L Input Leakage Current (Any Input) 

loL Output Leakage Current 

VoH Output Logic 1 Voltage (lour = -4.0mA) 

VoL Output Logic 0 Voltage (lour = 8.0mA) 

Notes : 1. Icc measurements are made with outputs open. 
2. Measured With 0.4V,; V1N,; Vee. 
3. R ~ V1H. 0.4 ~ Vour,; Vee. 
4. All voltages are referenced to ground. 

CAPACITANCE (TA= 25°C, f= 1 MHz) 

Symbol Parameter 

c, Capacitance on Input Pins 

Co Capacitance on Output Pins 

Notes : 1. This parameter is only sampled and not 100% tested 
2. Output buffer deselected 
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Min. Max. 

120 

12 

2 

-1 1 

-10 10 

2.4 

0.4 

Typ. Max. 

8 

12 

Units Note 

v 1 

v 
v 1 

v 1 

Units Note 

rnA 1 

rnA 1 

rnA 1 

f.lA 2 

~tA 3 

v 4 

v 4 

Unit Note 

pF 1 

pF 1,2 



AC TEST CONDITIONS 

Parameter Value 

Input Levels Oto3 

Transition Time 5 

lnpul Signal Timing Reference Level 1.5 

Output Signal Timing Reference Levels 1.5 and 1.9 

Ambient Temperature Oto 70 

Supply Voltage 5±10% 

Figure 17. Equivalent Output Load Circuit 

DEVICE 

UNDER 
TEST 

sv 

CL includes JIG capacitance 

VA00614 

r== SGS·1HOMSON ... .., I. !RiilO©IfJ@~~~©'ii'll'J@IllO©® 

MK45H04, 14,08 

Unit 

v 
ns 

v 
v 
oc 
v 
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ORDERING INFORMATION 

Example: MK45H04 N 25 

.---I l~ 
Package Speed 

N PDIP28 25 25ns 
and/or 

PSDIP28 35 35ns 

K PLCC32 50 SOns 

65 65ns 

12 120ns 

For a list of available options of Package and Speed, refer to the Selector Guide in this Data Book or to 
the current Memory Shortform Catalogue. 

For further information on any aspect of this device, please contact our Sales Office nearest you. 

16/16 

852 



ZEROPOWER MEMORIES 

853 





MK48C02A 
MK48C12A 

CMOS 2K x 8 ZEROPOWER SRAM 

• LOW CURRENT (1!lA @ 70"C) BATTERY 
INPUT FOR DATA RETENTION IN THE AB­
SENCE OF POWER 

• DATA SECURITY PROVIDED BY AUTOMATIC 
WRITE PROTECTION DURING POWER 
FAILURE 

• + 5 VOLT ONLY READ/WRITE 
• CONVENTIONAL SRAM WRITE CYCLES 

• LOW POWER 440mW ACTIVE ; 5.5mW 
STANDBY 

• READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME 

• LOW-BATTERY WARNING 
• TWO POWER-FAIL DESELECT TRIP POINTS 

AVAILABLE: 
- MK48C02A 4. 75V ~ VpFD ~ 4.50V 
- MK48C12A 4.50V ~ VpFD ~ 4.20V 

• POWER FAIL INTERRUPT OUTPUT 

DESCRIPTION 

The MK4BC02N12A ZEROPOWER™ are CMOS 
RAM memories with internal power fail support 
circuitry for battery backup applications. The fully 
static RAM uses an HCMOS six transistor cell and 
is organized 2K x B. Included in the device is a 
feature to conserve battery energy and a method 
of providing data security during Vee transients. A 
precision voltage detector write-protects the RAM 
to prevent inadvertent loss of data when Vee falls 

PIN NAMES 

AO·A10 Address Inputs 

DQO- DO? Data Inputs/Outputs 

GND Ground 

Vee 5 Volts 

E Chip Enable 

w Write Enable 

G Output Enable 

Vs Battery Input 

INT Power Fail Interrupt (Open Drain Type) 

NC No Connected 

February 1992 

PDIP28 (N) 

Figure 1. Pin Connections 

vs 28 

Ne 27 

A7 26 

A6 25 

A5 24 

A4 23 

A3 7 MK48C02A 22 

A2 B MK48C12A 21 

A1 20 

AO 10 19 

DOD 11 18 

001 12 17 

002 13 16 

GND 14 15 

VA00596 

~ ~~ ~ >~~ ~~ 
~~~~~~~ 

/ 4 3 2 1 

A6 I 5 

32 31 .30 

A5 I 
Ml 

PLCC32 (K) 

Vee 
Ne 

INT 
A8 
A9 

w 
G 
A10 

E 
007 
006 
005 
004 
003 

A3 I 8 

A2 I 9 

29 b AS 

28 p A9 
27 p NC 
26 p w 

MK48e02A 25 p G 
MK4Be12A 24 p AlO A1 

AD 
Ne 

000 

10 

11 

12 

13 

14 15 16 17 18 19 20 

-=-o--cro-cr w w 

00~~~82;~ 
00 000 

23 p E 
22 p 007 
21 p 006 

VA00597 
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Figure 2. Block Diagram 

Vee Vs 

r-- -----------------------, 

POWER 

2 K X 8 

RAM 

I 
I 
I 
I 
I 

: 
1\r----+-...J AO-A 10 

I 

: 
1\r----1-...,/) 000-007 

INT -------.----1 VOLT AGE SENSE CMOS 1 
I AND POi( I 
I SWITCHING CELL 1 

: CIRCUITRY BOi( I 
w 

I I 
L---------------------jl------~ 

DESCRIPTION (Continued) 

out of toleranc~ In t~ way, all input and output 
pins (including E and W) become "don't care". The 
device permits full functional ability of the RAM for 
Vee above 4.75V (MK48C02A) and 4.5V 
(MK48C12A). Data protection is provided for Vee 
below 4.5V (MK48C02A) and 4.2V (MK48C12A), 

TRUTH TABLE 

Vee E G 

<Vee( max) V1H X 
V1L X 

>Vcc(min) V1L V1L 
V1L V1H 

<VPFD(min)>Vso X X 

-5,Vso X X 

2/9 
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VR000787 

and maintains data in the absence of Vee with no 
additional support circuitry other than a primary 
cell. The current supplied by the battery during data 
retention is for junction leakage only (typically less 
than SnA) because all power-consuming circuitry is 
turned off. The low battery drain allows use of a 
long life Lithium primary cell. 

w Mode DQ 

X Deselect High-Z 
V1L Write DIN 
V1H Read Dour 
V1H Read High-Z 

X Power-Fail High-Z Deselect 

X Battery High-Z Back-up 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

v, Voltage On Any Pin Relative to Ground -0.3 to +7.0 v 
TA Ambient Operating Temperature 0 to +70 oc 

Tsm Ambient Storage (Vee Off) Temperature -55 to+ 125 oc 
Po Total Device Power Dissipation 1 w 

louT Output Current Per Pin 20 rnA 

Notes: Stresses greater than those listed under "Absolute Maxtmum Ratmgs" may cause permanent damage to the device. This is a 
stress ratmg only and functional operation of the device at these or any other conditions above those indicated in the operational section of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended penods of time may affect reliability. 

CAUTION: Under no conditions can the '"Absolute Maximum Ratings" for the voltage on any pin be exceeded since it will cause permanent 
damage. Specifically, do not perform the "standard" continuity test on any input or output pin, i.e. do not force these pins below - 0 3V DC. 

RECOMMENDED DC OPERATING CONDITIONS 
(0°C ~ T A ~ 70°C) 

Symbol Parameter 

Vee Supply Voltage (MK48C02A) 

Vee Supply Voltage (MK48C12A) 

GND Ground 

VJH Logic "1" Voltage All Inputs 

VJL Logic "0" Voltage All Inputs 

Ve Battery Voltage 

DC ELECTRICAL CHARACTERISTICS 
(0°C~ TA ~ 70°CVeemax:<: Vee:<: Vee min) 

Symbol Parameter 

lcc1 Average Vee Power Supply Current 

lcc2 TIL Standby Current (E= VJH) 

lcc3 CMOS Standby Current (E ?. Vee -0.2V) 

iJL Input Leakage Current (Any Input) 

loL Output Leakage Current 

VoH Output Logic "1" Voltage (louT= -1.0mA) 

VoL Output Logic "0" Voltage (louT = 2.1 rnA) 

VPFL INT Logic "0" Voltage (louT = 0.5 rnA) 

I BATT Battery Backup Current Vs = 4.0V 

ICHG Battery Charging Current Vee= 5.5V 

VLe Battery OK Flag 

Min. 

4.75 

4.5 

0 

2.2 

-0.3 

1.8 

Min. 

-1 

-5 

2.4 

-5 

1.8 

Max. Unit Notes 

5.5 v 1 

5.5 v 1 

0 v 1 

Vee+ 0.3V v 1 

0.8 v 1' 2 

4.0 v 1 

Max. Unit Note 

80 rnA 3 

3 rnA 

1 rnA 

1 JlA 4 

5 JlA 4 

v 
0.4 v 
0.4 v 
1 JlA 
5 nA 

2.6 v 
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AC TEST CONDITIONS 

Input Levels 

Transition Times 

Input and Output Timing 
Reference Levels 

CAPACITANCE 
(TA = 25°C) 

Symbol 

0.6 V to 2.4 V 

5 ns 

0.8 Vor 2.2 V 

Parameter 

Cl Capacitance on all pins (except D/Q) 

CD;a Capacitance on D/0 pins and INT 

Notes: 

1. All voltages referenced to GND 
2. Negative spikes of -1.0 volts allowed for up to 10ns once per cycle. 
3. lcc1 measured With outputs open. 
4. Measured with GND 5 v, 5 Vee and outputs deselected. 

OUTPUT LOAD DIAGRAM 

+5V 

DEVICE 

UNDER 

TEST 
1.0 KS2_ 

--

Max. 

7 pF 

10 pF 

1 8 KS2_ 

100 pF 
(INCLUDING SCOPE 
AND JIG} 

VP.OOJ790 

Notes 

5 

4,5 

5. Effective capacitance calculated from the equation C ~ I D.VD. V with D. V ~ 3 volts and power supply at nominal level. 
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OPERATION 
Read Mode 

The MK48C02N12A is in the Read Mode when­
ever W (Write Enable) is high and E (Chip Enable) 
is low, providing a ripple-through access of data 
from eight of 16,384 locations in the static storage 
array. Thus, the unique address specified by the 11 
Address Inputs (An) defines which one of 2,048 
bytes of data is to be accessed. 

Figure 3. Read-Read-Write Timing 

READ 

I 
IRC 

AO-A1D lX 

MK48C02A, MK48C12A 

Valid data will be available to the eight data Output 
Drivers within tAA after the last address input signal 
is stable, providing that the E and G access times 
are satisfied. If E or G access times are not met, 
data access will be measured from the limiting 
parameter (tcEA or toEA), rather than the address. 
The state of the eight Data 1/0 signals is controlled 
by theE and G control signals. The data lines may 
be in an indeterminate state between toH and tAA, 
but the data lines will always have valid data at tAA. 

READ WRITE 
IRC IWC 

IX k== 
lAS ~ t-----IWR 

~ICE A- 1------IAA I-- -tAW 

I 

I u-·WD-JC 
LIOEA-

1-IOH-w 

~IOEZ 

VALID OUT K )< VALID OUT VALID IN DQO-DQ7 

AC ELECTRICAL CHARACTERISTICS (Read Cycle Timing) 
(0°C::;; TA::;; 70°C;Vccmax;;.: Vee;;.: Vccm,n) 

48CX2A-15 
Symbol Parameter 

Min. Max. 

IRe Read Cycle Time 150 

IAA Address Access Time 150 

lcEA Chip Enable Access Time 150 

toEA Output Enable Access Time 75 

tcez Chip Enable Hi to High-Z 35 

toez Output Enable Hi to High-Z 35 

toH Valid Data Out Hold Time 15 

Note : Measured using the Output Load Diagram shown page 4. 

48CX2A-20 48CX2A-25 

Min. Max. Min. Max. 

200 250 

200 250 

200 250 

80 90 

40 50 

40 50 

15 15 

VR000788 

Unit Notes 

ns 

ns 1 

ns 1 

ns 1 

ns 

ns 

ns 1 
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WRITE MODE 
The MK48C02A/12A is in Write Mode whenever the 
Wand E inputs are held low. The start of a Write is 
referenced to the latter occurring falling edge of 
either W or E. A Write is terminated by the earlier 
rising edge of WorE. The ~dr~ses must be held 
valid throughout the cycle. WorE must return high, 
for a minimum of twR prior to the initiation of another 
Read or Write Cycle. Data-in must be valid for tos 
prior to the End of Write and remain valid for toH 
afterwards. 

Figure 4. Write-Write-Read Timing 

WRITE WRITE 

Some processors thrash producing spurious Write 
Cycles during power-up, despite app_lli:atio_Q of a 
power-on reset. Users should force W or E high 
during power-up to protect memory after Vee 
reaches Vee (min) but before the processor stabi­
lizes. 

The MK48C02AI!?A G input is a DON'T CARE in 
the write mode. G can be tied low and two-wire 
RAM control can be implemefllild. A low on W will 
disable the outputs twEz after W falls. Take care to 
avoid bus contention when operating with two-wire 
control. 

READ 

VR000795 

AC ELECTRICAL CHARACTERISTICS (Write Cycle Timing} 
(0°C::> TA:::; 70°C;Vccmax<'= Vee<'= Vccmin) 

48CX2A-15 48CX2A-20 48CX2A-25 
Symbol Parameter Unit 

Min. Max. Min. Max. Min. Max. 

I we Write Cycle Time 150 200 250 ns 

lAs Address Setup Time 0 0 0 ns 

lAw Address Valid to End of Write 120 140 180 ns 

lcEW Chip Enable to End of Write 90 120 160 ns 

lwEW Write Enable to End of Write 90 120 160 ns 

lwR Write Recovery Time 10 10 10 ns 

los Data Setup Time 40 60 100 ns 

loH Data Hold Time 5 5 5 ns 

IWEZ Write Enable Low to High-Z 50 60 80 ns 
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DATA RETENTION MODE 

With Vee applied, the MK48C02N12Aoperates as 
a conventional BYTEWIDE static RAM. However, 
Vee is being constantly monitored. Should the sup­
ply voltage decay, the RAM will automatically 
power-fail deselect, write protecting itself when Vee 
falls within the VPFD (max), VPFD (min) window. The 
MK48C02A has a VPFD (max)- VPFD (min) window 
of 4.75 volts to 4.5 volts, providing very high data 
security, particularly when all of the other system 
components are specified to 5.0 volts plus and 
minus 10%. The MK48C12A has a Vpm (max) -
Vpm (min) window of 4.5 volts to 4.2 volts, allowing 
users constrained to a 10% power supply specifi­
cation to use the device. 

Note : A mid-write cycle power failure may corrupt 
data at the current address location, but does not 
jeopardize the rest of the RAM's content. At volt­
ages below VPFD (min), the user can be assured 
the memory will be in a write protected state, 
provided the Vee fall time does not exceed IF. The 
MK48C02N12A may respond to transient noise 
spikes that reach into the deselect window if they 
should occur during the time the device is sampling 
Vee. Therefore decoupling of power supply lines is 
recommended. 

The power switching circuit connects external Vee 
to the RAM and disconnects the battery when Vee 
rises above Vso. As Vee rises the battery voltage 
is checked. If the voltage is too low, an internal 
Battery Not OK (BOK) flag will be set. The BOK flag 
can be checked after power up. If the BOK flag is 
set, the first write attempted will be blocked. The 
flag is automatically cleared after the first write, and 
normal RAM operation resumes. Figure 5 illus­
trates how a BOK check routine could be struc­
tured. 

Normal RAM operation can resume tREC after Vee 
exceeds VPFD (Max). Caution should be taken to 
keep E or W high as Vee rises past Vpm (Min) as 
some systems may perform inadvertent write 
cycles after Vee rises but before normal system 
operation begins. 

INTERRUPT FUNCTION 

The MK48C02N12A provides a power-fail interrupt 
output labeled INT. The !NT pin eliminates the need 
for external power sensing components in applica­
tions where an orderly shut down of the system is 
necessary. The !NT pin is open drain for "wire or" 
applications and provides the user with 1 011s to 
40!lS advanced warning of an impending power-fail 
write protect. 

MK48C02A, MK48C12A 

Figure 5. Checking the BOK Flag Status 

POWER-UP 

READ DATA 
AT ANY 

ADDRESS 

WRITE 
COMPLIMENT 
DATA BACK 

TO SAME 
ADDRESS 

READ DATA 
AT SAME 
ADDRESS 

AGAIN 

WRITE ORIGINAl 

DATA BACK TO 

SAME ADDRESS 

CONTINUE 

NOTIFY SYSTEM 
OF lOW 

BATTERY !DATA MAY 
BE CORRUPTED) 

VRJJD781 
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AC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Timing) 
(0°C:>: TA:;:; +70°C) 

Symbol Parameter Min. Typ. 

IF VPFD (max) to VPFD (min) Vee Fall Time 300 

tFB VPFD (min) to Vso Vee Fall Time 10 

tRB Vso to VPFD (min) Vee Rise Time 1 

tR VPFD (min) to VPFD (max) Vee Rise Time 0 

tREe E or W at VJH after VPFD (max) 120 

IPFX INT Low to Auto Deselect 10 

tpfH VPFD (max) to INT High 

Max. 

40 

120 

DC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Trip Point Voltages) 
(0°C:>:TA:;:; +70°C) 

Symbol Parameter Min. Typ. Max. 

VPFD Power-Fail Deselect Voltage (MK4BC02A) 4.50 4.6 4.75 

VPFD Power-Fail Deselect Voltage (MK4BC12A) 4.20 4.3 4.50 

Vso Battery Back-Up Switchover Voltage 3 

Notes: 

1. All voltages referenced to GND. 

Unit 

f!S 

f!S 

f!S 

f!S 

f!S 

f!S 

f!S 

Unit 

v 

v 

v 

2 VPFD !Max) to VPFD (Min) fall limes of less IF may result in deselection/wnte protecbon not occurnng until 40J1S after Vee passes 
VPFD Min). 

3. VPFD (Min) to Vso fall limes of less than !Fe may cause corruption of RAM data. 
4. !NT may go high anytime after Vee exceeds VPFD (min) and is guaranteed to go h1gh IPFH after Vee exceeds VeFo (max). 

CAUTION: Nega&ve Undershoots Below -0.3V are not allowed on any pin while in Baffery Back-up mode . 
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MK48C02A, MK48C12A 

Figure 6. Power-Down/Power-Up Timing 

tREC 

ALL INPUTS RECOGNIZED DON'T CARE 

VR000822 

Notes: 

1. Inputs may or may not be recognized at this time. 

2. Caution should be taken to keep E or W m the high state Vee rises past VeFD (min). Some systems may perform inadvertent write cycles after 
Vee rises but before normal system operation begins. Even though a power on reset is bemg applied to the processor a reset condition may 
not occur until after the system clock is running 

ORDERING INFORMATION 

Example: MK48C02 K 

T 
~ 

N 

K 

PDIP28 

PLCC32 

15 

15 

20 

150ns 

200ns 

25 250ns 

For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 

For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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MK48Z02 
MK48Z12 

CMOS2Kx8ZEROPOWERSRAM 

• PREDICTED WORST CASE BATTERY LIFE OF 
11 YEARS @ 70°C 

• DATA RETENTION IN THE ABSENCE OF 
POWER 

• DATA SECURITY PROVIDED BY AUTOMATIC 
WRITE PROTECTION DURING POWER 
FAILURE 

• + 5 VOLT ONLY READ/WRITE 

• CONVENTIONAL SRAM WRITE CYCLES 

• FULL CMOS-440mW ACTIVE ; 5.5mW 
STANDBY 

• 24-PIN DUAL IN LINE PACKAGE, JEDEC 
PINOUTS 

• READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME 

• LOW-BATTERY WARNING 

• TWO POWER-FAIL DESELECT TRIP POINTS 
AVAILABLE: 
- MK48Z02 4.75V ~ VPFD ~ 4.50V 
- MK48Z12 4.50V ~ VPFD ~ 4.20V 

DESCRIPTION 

The MK48Z02/12 is a 16,384-bit, Non-Vola­
tile Static RAM, organized 2K x 8 using 
CMOS and an integral Lithium energy source. The 
ZEROPOWER™ RAM has the characteristics of 
a CMOS static RAM, with the important added 
benefit of data being retained in the absence of 
power. Data retention current is so small that a 
miniature Lithium cell contained within the package 
provides an en-ergy source to preserve data. Low 
current drain has been attained by the use of a full 
CMOS memory cell, novel analog support circuitry, 
and carefully controlled junction leakage by an all 
implanted CMOS process. Safeguards against in­
advertent data loss have been incorporated to main­
tain data integrity in the uncertain operating 
environment associated with power-up and power­
down transients. The ZEROPOWER RAM can re­
place existing 2K x 8 static RAM, directly conforming 
to the popular Byte Wide 24-pin DIP package 
(JEDEC). MK48Z02/12 also matches the pinning of 
2716 EPROM and 2K x 8 EEPROM. Like other static 
RAMs, there is no limit to the number of write cycles 
that can be performed. Since the access time, read 
cycle, and write cycle are less than 250ns and 
require only+ 5 volts, no additional support circuitry 
is needed for interface to a microprocessor. 

February 1992 

PHDIP24 WITH BATTERY TOP HAT (B) 

Figure 1. Pin Connection 

A7 [ 1 • p Vee 24 

A6 [ 2 23 p AS 

A5 [ 3 22 p A9 

A4[ 4 21 p w 
A3 [ 5 20 p G 
A2 [ 6 MK48Z02 19 p A10 
A1 [ 7 MK48Z12 18 E 

AO [ 8 17 DQ7 

OQO [ 9 16 006 
001 [ 10 15 005 
002 II 14 DQ4 

GND 12 13 DQ3 

VA00603 

PIN NAMES 

AO-A10 Address Inputs 

E Chip Enable 

GND Ground 

Vee 5 Volts 

w Write Enable 

G Output Enable 

DQO-DQ? Data Inputs/Outputs 
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Figure 2. Block Diagram 

Vee 

r- - --------------------------, 
I 
I 

J. I 
I 
I 
I 

LITHIUM 

T+ CELL 
2 K X 8 I 

I 
POWER RAM I 

VOLT AGE SENSE CMOS I 
AND POK I CELL I SWITCHING 

CIRCUITRY BOK I 

I 
--------------------jt------~ 

AO-A10 

) DQ0-007 

E 
w 
G 

VR000792 

TRUTH TABLE 

Vee E G w Mode DO 

VIH X X Deselect High-Z 
<Vec(max) V1L X V1L Write DIN 
>Vcc(mln) VIL V1L VIH Read DouT 

V1L V1H V1H Read High-Z 

<VPFD(mln) X X X Power-Fail High-Z 
>Vso Deselect 

<;,Vso X X X Battery High-Z Back-up 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

V1 Voltage On Any Pin Relative to Ground -0.3 to +7.0 v 
TA Ambient Operating Temperature 0 to +70 oc 

TsTG Ambient Storage (Vee Off) Temperature -40 to +85 oc 
Po Total Device Power Dissipation 1 w 

louT Output Current Per Pin 20 mA 

NOTE: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operat1on of the device at these or any other conditions above those ind1cated m the operational section of this 
specification is not implied. Exposure to the absolute maximum ratings cond1t1ons for extended penods of t1me may affect reliability. 

CAUTION: Under no conditions can the ''Absolute Maximum Rating" for the voltage on any pin be exceeded since it will cause permanent 
damage. Specifically. do not perform the "standard" continuity test on any input or output pin, i.e. do not force these pins below - 0.3V DC. 

RECOMMENDED DC OPERATING CONDITIONS 
(0°C ::; T A ::; 70°C) 

Symbol Parameter 

Vee Supply Voltage (MK48Z02) 

Vee Supply Voltage (MK48Z12) 

GND Ground 

v,H Logic "1" Voltage All Inputs 

V1L Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(0°C :<:; TA :<:; 70°C; Vee max~ Vee~ Veemin) 

Symbol Parameter 

lcc1 Average Vee Power Supply Current 

lcc2 TTL Standby Current (E = V1H) 

lcc3 CMOS Standby Current (E 2 Vee -Q.2V) 

ilL Input Leakage Current (Any Input) 

loL Output Leakage Current 

VoH Output Logic "1" Voltage (louT= -1.0mA) 

VoL Output Logic "0" Voltage (louT = 2.1 mA) 

Min. 

4.75 

4.5 

0 

2.2 

-0.3 

Min. 

-1 

-5 

2.4 

Max. Unit Notes 

5.5 v 1 

5.5 v 1 

0 v 1 

Vee+ 0.3V v 1 

0.8 v 1, 2 

Max. Unit Note 

80 mA 3 

3 mA 

1 mA 

1 !lA 4 

5 JlA 4 

v 
0.4 v 
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AC TEST CONDITIONS 

Input Levels 

Transition Times 

Input and Output Timing 
Reference Levels 

CAPACITANCE 
{TA = 25°C) 

Symbol 

0.6V to 2.4V 

5ns 

0.8V or 2.2V 

Parameter 

cl Capacitance on all pins (except D/Q) 

CDio Capacitance on D/Q pins 

Notes: 
1. All voltages referenced to GND. 
2. Negative spikes of -1.0 volt allowed for up to 1 Ons once per cycle. 
3. lcc1 measured with outputs open. 

4. Measured w1th Vee?. V1?. GND and outputs deselected. 

EQUIVALENT OUTPUT LOAD DIAGRAM 

DEVICE 

UNDER 

TEST 
1.0 Ki2. 

Max. 

7 pF 

10 pF 

+5V 

f 

-'--

1.8 Ki2. 

100 pF 
(INCLUDING SCOPE 
AND JIG) 

vnooo79D 

Notes 

4 

4,5 

5. Effect1ve capacitance calculated from the equation C =I !1V!1V w1th !1V = 3 volts and power supply at 5.0V. 
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OPERATION 
READ MODE 
The MK48Z02/12 is in the Read Mode whenever 
W (Write Enable) is high andE (Chip Enable) is low, 
providing a ripple-through access of data from eight 
of 16,3841ocations in the static storage array. Thus, 
the unique address specified by the 11 Address 
Inputs (An) defines which one of 2,048 bytes of data 
is to be accessed. 
Valid data will be available to the eight data Output 

Figure 3. Read-Read-Write Timing 

READ 
IRC 

AO-A10 =>< X 

MK48Z02, MK48Z12 

Drivers within tAA after the lag addr_g_ss input signal 
is stable, providJDg th~t the E and G access times 
are satisfied. If E or G access times are not met, 
data access will be measured from the limiting 
parameter (tcEA or toEA), rather than the address. 
The sti&e oft~ eight Data 1/0 signals is controlled 
by the E and G control signals. The data lines may 
be in an indeterminate state between toH and tAA, 
but the data lines will always have valid data at tAA. 

READ WRITE 
IRC twc-

X ><== 
- -lAS -IWR 

~ICEA- -IAA- - -tAW 

I 

w -IOH-
r·~·--/=c 

-tOEA-

OQO-DQ7 VALID OUT X X 
~IOEZ 

VALID OU'I}--\ VALID IN 

AC ELECTRICAL CHARACTERISTICS (Read Cycle Timing) 
(0°C:5TA :5 70°C;Vccmax2:Vcc:::: Vee min) 

48Z02-12 48Zx2-15 
Symbol Parameter 

Min. Max. Min. Max. 

IRe Read Cycle Time 120 150 

lAA Address Access lime 120 150 

lcEA Chip Enable Access lime 120 150 

toEA Output Enable Access lime 75 75 

tcEZ Chip Enable Hi to High-Z 30 35 

toEZ Output Enable Hi to High-Z 30 35 

toH Valid Data Out Hold lime 15 15 

Note : Measured using the Output Load Diagram shown Page 4. 

VR000942 

48Zx2-20 48Zx2-25 
Unit Note 

Min. Max. Min. Max. 

200 250 ns 

200 250 ns 1 

200 250 ns 1 

80 90 ns 1 

40 50 ns 

40 50 ns 

15 15 ns 1 
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WRITE MODE 

J:!:le MIS_48Z02/12 is in Write Mode whenever the 
W and E inputs are held low. The start of a Write is 
r~fere~ed 12 the latter occurring falling edge of 
e:1t~er W or E._6 Wljte is terminated by the earlier 
ns1ng edge of WorE. The addresses must be held 
valid throughout the cycle. WorE must return high 
for a minimum oftwR prior to the initiation of another 
Read or Write Cycle. Data-in must be valid for tos 
prior to the End of Write and remain valid for toH 
afterward. 

Figure 4. Write-Write-Read Timing 

WRITE WRITE 

AO-A10 

Some processors thrash producing spurious Write 
Cycles during power-up, despite ap!Jiication of a 
power-on reset. Users should force W or E high 
during power-up to protect memory after Vee 
reaches Vee (min) but before the processor stabi­
lizes. 
The MK48Z01f12 G input is a DON'T CARE in the 
write mode, G can be tied low and two-wire RAM 
control can be impleme!!!.ed. A low on W will disable 
the outputs twEz after W falls. Take care to avoid 
bus contention when operating with two-wire control. 

READ 

1----!AA---.j 

toEA 

VR000795 

AC ELECTRICAL CHARACTERISTICS (Write Cycle Timing) 
(0°C:::; TA :::; 70°C; Vee max~ Vee~ Vee min) 

48Z02-12 48Zx2-15 48Zx2-20 48Zx2-25 
Symbol Parameter Unit Note 

Min. Max. Min. Max. Min. Max. Min. Max. 

twc Write Cycle Time 120 150 200 250 ns 

lAs Address Setup Time 0 0 0 0 ns 

lAw Address Valid to End of Write 90 120 140 180 ns 

lcEW Chip Enable to End of Write 75 90 120 160 ns 

IWEW Write Enable to End of Write 75 90 120 160 ns 

lwR Write Recovery Time 10 10 10 10 ns 

los Data Setup Time 35 40 60 100 ns 

toH Data Hold Time 5 5 5 5 ns 

twEZ Write Enable Low to High-Z 40 50 60 80 ns 
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DATA RETENTION MODE 
With Vee applied, the MK48Z02/12 operates as a 
conventional BYTEWIDE static RAM. However, 
Vee is being constantly monitored. Should the sup­
ply voltage decay, the RAM will automatically 
power-fail deselect, write protecting itself when Vee 
falls within the VPFD (max), VPFD (min) window. The 
MK48Z02 has a VPFD (max) - VPFD (min) window 
of 4.75 volts to 4.5 volts, providing very high data 
security, particularly when all of the other system 
components are specified to 5.0 volts plus and 
minus 10%. The MK48Z12 has a VPFD (max)- VPFD 
(min) window of 4.5 volts to 4.2 volts, allowing users 
constrained to a 1 0% power supply specification to 
use the device. 

Note : A mid-write cycle power failure may corrupt 
data at the current address location, but does not 
jeopardize the rest of the RAM's content. At volt­
ages below VPFD (min), the user can be assured 
the memory will be in a write protected state, 
provided the Vee fall time does not exceed tF. The 
MK48Z02/12 may respond to transient noise 
spikes that reach into the deselect window if they 
should occur during the time the device is sampling 
Vee. Therefore decoupling of power supply lines is 
recommended. 

The power switching circuit connects external Vee 
to the RAM and disconnects the battery when Vee 
rises above Vso. As Vee rises the battery voltage 
is checked. If the voltage is too low, an internal 
Battery Not OK (BOK) flag will be set. The BOK flag 
can be checked after power up. If the BOK flag is 
set, the first write attempted will be blocked. The 
flag is automatically cleared after the first write, and 
normal RAM operation resumes. Figure 5 illus­
trates how a BOK check routine could be struc­
tured. 

Normal RAM operation can resume tREe after Vee 
excee_Qs V.EEo (max). Caution should be taken to 
keep E or W high as Vee rises past VPFD (min) as 
some systems may perform inadvertent write 
cycles after Vee rises but before normal system 
operation begins. 

MK48Z02, MK48Z12 

Figure 5. Checking the BOK Flag Status 

READ DATA 
AT ANY 

ADDRESS 

WRITE 
COMPLIMENT 
DATA BACK 

TO SAME 
ADDRESS 

READ DATA 
AT SAME 
ADDRESS 

AGAIN 

WRITE ORIGINAL 

DATA BACK TO 

SAME ADDRESS 

NOTIFY SYSTEM 
OF LOW 

BATTERY (DATA MAY 
BE CORRUPTED) 
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Figure 6. Power-Down/Power-Up Timing 

Vee 
VPFD!maxl 

VPFD!minl 

vso 

E or W 

DC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Trip Point Voltages} 
(0°C ~ TA ~ +70°C) 

Symbol Parameter Min. Typ. 

VPFD Power-Fail Deselect Voltage (MK48Z02) 4.50 4.6 

VPFO Power-Fail Deselect Voltage (MK48Z12) 4.20 4.3 

Vso Battery Back-Up Switchover Voltage 3 

AC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Timing} 
(0°C ~ TA ~ +70°C) 

Symbol Parameter Min. Typ. 

tpo E or W at V1H before Power Down 0 

IF VPFD (max) to VPFD (mm) Vee Fall Time 300 

IFB VPFD (min) to Vso Vee Fall Time 10 

IRS Vso to VPFD (min) Vee Rise Time 1 

IR VPFD (min) to VPFD (max) Vee Rise 1ime 0 

IREC E or W at V1H after Power Up 2 

Notes: 

1. All voltages referenced to GND. 

Max. 

4.75 

4.50 

Max. 

REG 

Unit 

v 
v 

v 

Unit 

ns 

J.LS 

J.LS 

J.LS 

J.LS 

ms 

2. VPFD (max) to VeFo (m1n) fall t1mes of less IF may result 1n deselectlonlwnte protection not oeeurnng until 50~s after Vee passes 
VPFD (m1n). 

3. VPFD (min) to Vso fall times of less than IFB may cause corruption of RAM data 
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DATA RETENTION TIME 

About Figure 7 

Figure 7 illustrates how expected MK48Z02/12 bat­
tery life is influenced by temperature. The life of the 
battery is controlled by temperature and is virtually 
independent of the percentage of time the 
MK48Z02/12 spends in battery back-up mode. 

Battery life predictions presented in Figure 7 are 
extrapolated from temperature accelerated life-test 
data collected in over 100 million device hours of 
continuing bare cell and encapsulated cell battery 
testing by SGS-THOMSON. Obviously, tempera­
ture accelerated testing cannot identify non-tem-per­
ature dependent failure mechanisms. However, in 
view of the fact that no random cell failures have 
been recorded in any of SGS-THOMSON's on­
going battery testing since it began in 1982, we 
believe the likelihood of such failure mechanisms 
surfacing is extremely poor. For the purpose of this 
testing, a cell failure is defined as the inability of a 
cell stabilized at 25"C to produce a 2.4 volt closed­
circuit voltage across a 250K ohm load resistance. 

A Special Note: The summary presented in Figure 
7 represents a conservative analysis of the data 
presently available. While SGS-THOMSON is most 
likely in possession of the largest collection of 
battery life data of this kind in the world, the results 
presented should not be considered absolute or 
final ; they can be expected to change as yet more 
data becomes available. We believe that future 
read-points of life tests presently under way and 
improvements in the battery technology itself will 
result in a continuing improvement of these figures. 

Two end of life curves are presented in Figure 7. 
They are labeled "Average (tso%)" and "(t1%)". 
These terms relate to the probability that a given 
number of failures will have accumulated by a 
particular point in time. If, for example, expected 

MK48Z02, MK48Z12 

life at 70°C is at issue, Figure 7 indicates that a 
particular MK48Z02/12 has a 1% chance of having 
a battery failure 11 years into its life and a 50% 
chance of failure at the 20 year mark. Conversely, 
given a sample of- devices, 1% of them can be 
expected to experience battery failure within 11 
years ; 50% of them can be expected to fail within 
20 years. 

The t1% figure represents the practical onset of 
wear-out, and is therefore suitable for use in what 
would normally be though of as a worst-case 
ana-lysis. The tso% figure represents "normal" or 
"average" life. It is, therefore, accurate to say 
that the average device will last "tsoo;;. 

Battery life is defined as beginning on the date 
of manufacture. Each MK48Z02/12 is marked 
with a nine digit manufacturing date code in the 
form H99XXYYZZ, example: H995B9231 isH­
fabricated in Carrollton, TX; 9- assembled in 
Muar, Malaysia; 9-tested in Muar, Malaysia; 
5B-Iot designator; 9231-assembled in the year 
1992, work week 31_ 

CALCULATING PREDICTED BATTERY LIFE 

As Figure 7 indicates, the predicted life of the 
battery in the MK48Z02/12 is a function of tem­
perature. The back-up current required by the 
memory matrix in the MK48Z02/12 is so low that 
it has negligible influence on battery life. 

Because predicted battery life is dependent 
upon application controlled variables, only the 
user can estimate predicted battery life in a 
given design. As long as ambient temperature 
is held reasonably constant, expected life can 
be read directly from Figure 7. If the 
MK48Z02/12 spends an appreciable amount of 
time at a variety of temperatures, the following 
equations should be used to estimate battery life. 

Predicted Battery Life= --------------------------

[(TA1/TT)/BL1)] + [(TA2ITT)/BL2] + ·-· + [(TAn/TT)/BLn)] 

Where: TA1, TA2, TAn= Time at Ambient Temperature 1, 2, etc. 

TT =Total Time = TA1 + TA2 + --- +TAn 
BL 1, BL2, Bln = Predicted Battery Lifetime at Temp 1, Temp 2, etc (see Figure 7). 
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EXAMPLE PREDICTED BATIERY LIFE CAL­
CULATION 
A cash register/terminal operates in an environ­
ment where the MK48Z02/12 is exposed to tem 

peratures of 30°C or less for 3066 hrs/yr ; tem­
peratures greater than 25°C, but less than 40°C 
for 5256 hrs/yr ; and temperatures greater than 
40°C, but less than 70"C for the remaining 438 
hrs/yr. 

Reading predicted typical life values from Figure 7; BL1 = 456 yrs., BL2 = 175 yrs., BLJ = 11.4 yrs. 

Total Time (TI) = 8760 hrs./yr. TA1 = 3066 hrs./yr. TA2 = 5256 hrs./yr. TA3 = 438 hrs./yr. 

1 
Predicted Typical Battery Life;::: IIIn:IIIIIIIIIIIIIIIIII-

[(3066/8760)/456] + [(5256/8760)/175] + [(438/8760)/11.4] 

~ 116.5 yrs. 

Figure 7. Predicted Battery Storage Life Versus Temperature 
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ORDERING INFORMATION 

Example: MK48Z02 B 12 

B PHDIP24 12 120ns 

15 150ns 

20 200ns 

25 250ns 

For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 

For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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MKI48Z02 
MKI48Z12 

CMOS 2K x 8 ZEROPOWER SRAM 

• INDUSTRIAL TEMPERATURE RANGE - 40°C 
to+ 85°C. 

• PREDICTED WORST CASE BATTERY LIFE OF 
6 YEARS @ 85°C. 

• DATA RETENTION IN THE ABSENCE OF 
POWER. 

• DATA SECURITY PROVIDED BY AUTOMATIC 
WRITE PROTECTION DURING POWER 
FAILURE. 

• + 5 VOLT ONLY READ/WRITE. 

• CONVENTIONAL SRAM WRITE CYCLES. 

• LOW POWER-440mW ACTIVE ; 5.5mW 
STANDBY. 

• 24-PIN DUAL IN LINE PACKAGE, JEDEC 24 
PIN MEMORY PINOUT. 

• READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME. 

• ON BOARD LOW-BATTERY WARNING CIR­
CUITRY. 

• TWO POWER-FAIL DESELECT TRIP POINTS 
AVAILABLE : 
- MKI48Z02 4.75V ~ VPFD ~ 4.50V 
- MKI48Z12 4.50V ~ VPFD ~ 4.20V 

DESCRIPTION 

The MKI48Z02/12 is a 16,384-bit, Non-Vola­
tile Static RAM, organized 2K x 8 using CMOS 
and an integral Lithium energy source. The 
ZEROPOWER™ RAM has the characteristics of a 
CMOS static RAM, with the important added ben­
efit of data being retained in the absence of power. 
Data retention current is so small that a miniature 
Lithium cell contained within the package provides 
an en-ergy source to preserve data. Low current 
drain has been attained by the use of a full CMOS 
memory cell, novel analog support circuitry, and 
carefully controlled junction leakage by an all im­
planted CMOS process. Safeguards against inad­
vertent data loss have been incorporated to maintain 
data integrity in the uncertain operating environ­
ment associated with power-up and power-down 
transients. The ZEROPOWER RAM can replace 
exist-ing 2K x 8 static RAM, directly conforming to the 
popular Byte Wide 24-pin DIP package (JEDEC). 

February 1992 

PHDIP24 WITH BATTERY TOP HAT (B) 

Figure 1. Pin Connections 

A7 • Vee 24 

AS 2 23 A8 
AS 3 22 A9 
A4 4 21 w 
A3 5 20 G 
A2 6 MKI48Z02 19 A10 
A1 7 MKI48Z12 18 E 

AO 8 17 DQ7 
DOO 9 16 ~ DOS 
DQ1 10 15 p DQ5 

DQ2 11 14 004 
GND 12 13 ~ DQ3 

VA00604 

PIN NAMES 

AO-A10 Address Inputs 

E Chip Enable 

GND Ground 

Vee 5Volts 

w Write Enable 

G Output Enable 

DQO-DQ7 Data Inputs/Outputs 
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Figure 2. Block Diagram 

Vee 

- --------------------------, 

1 

LITHIUM 

T+ CELL 

POWER 

VOLTAGE SENSE -
AND POK 

SWITCHING 
CIRCUITRY BOK 

2 K X 8 

RAM 

CMOS 

CELL 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

I 
I 
I 
I 

I 

AO-A10 

.> DQO-DQ7 

E 
w 
G 

--------------------j[------~ 

DESCRIPTION (Continued) 
MKI48Z02/12 also matches the pinning of 2716 
EPROM and 2K x 8 EEPROM. Like other static 
RAMs, there is no limit to the number of write cycles 

TRUTH TABLE 

Vee E G 

VrH X 
<VCC(max) VrL X 
>Vcc(m•n) VrL VrL 

VrL VrH 

<VPFD(mm) X X 
>Vso 

~Vso X X 
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VR000792 

that can be performed. Since the access time, read 
cycle, and write cycle are less than 250ns and 
require only+ 5 volts, no additional support circuitry 
is needed for interface to a microprocessor. 

w Mode DQ 

X Deselect High-Z 
VrL Write DrN 
VrH Read DouT 
VrH Read High-Z 

X Power-Fail High-Z 
Deselect 

X Battery High-Z 
Back-up 



MK148Z02 MKI48Z12 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

v, Voltage On Any Pin Relative to Ground --0.3 to + 7.0 v 
TA Ambient Operating Temperature -40to+85 oc 

TsTG Ambient Storage (Vee Off) Temperature -40to+85 oc 
Po Total Device Power Dissipation 1 w 

louT Output Current Per Pin 20 mA 

Note: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated 1n the operational section of this 
speCification is not implied. Exposure to the absolute maximum ratmgs condibons for extended periods of time may affect reliability. 

CAUTION : Under no conditions can the "Absolute Maximum Rating" for the voltage on any pin be exceeded since it will cause permanent 
damage. Specifically. do not perform the "standard" confinuity test on any input or output pin, 1.e. do not force these pins below - O.SV DC. 

RECOMMENDED DC OPERATING CONDITIONS 
(-40°C :::; T A:::; +85°C) 

Symbol Parameter 

Vee Supply Voltage (MKI48Z02) 

Vee Supply Voltage (MKI48Z12) 

GND Ground 

V1H Logic "1" Voltage All Inputs 

V1L Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(-40°C:::; TA :::; +85°C; Vee max~ Vee~ Vee min) 

Symbol Parameter 

lcct Average Vee Power Supply Current 

lcc2 TTL Standby Current (E = ViH) 

lcc3 CMOS Standby Current (E 2: Vee --0.2V) 

hL Input Leakage Current (Any Input) 

loL Output Leakage Current 

VoH Output Logic "1" Voltage (louT= -1.0mA) 

VoL Output Logic "0" Voltage (louT = 2.1 mA) 

Min. 

4.75 

4.5 

0 

2.2 

--0.3 

Min. 

-1 

-5 

2.4 

Max. Unit Notes 

5.5 v 1 

5.5 v 1 

0 v 1 

Vee+ 0.3V v 1 

0.8 v 1,2 

Max. Unit Note 

80 mA 3 

3 mA 

1 mA 

1 !!A 4 

5 !!A 4 

v 

0.4 v 
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MKI48Z02, MKI48Z12 

AC TEST CONDITIONS 

Input Levels 

Transition Times 

Input and Output Timing 
Reference Levels 

Ambient Temperature 

vee (MKI48Z02) 

vee (MKI48Z12) 

CAPACITANCE 
(TA = 25°C) 

Symbol 

0.6V to 2.4V 

5ns 

0.8Vor 2.2V 

-40 to 85oe 

4.75 to 5.5V 

4.5 to 5.5V 

Parameter 

C1 Capacitance on all pins (except D/Q) 

CD!O Capacitance on D/Q pins 

Notes: 

1. All voltages referenced to GND. 

2. Negative spikes of ·1.0 volt allowed for up to 1 Ons once per cycle. 

3. lcc1 measured with outputs open 

4 Measured w1th Vcc?c V 1 "2 GND and outputs deselected 

EQUIVALENT OUTPUT LOAD DIAGRAM 

+5V 

1.8 KSl 

DEVICE 

UNDER 

TEST 
1.0 KSl , 100 pF 

!INCLUDING SCOPE 
AND JIG) 

-_-
-

VPC00790 

Max. Notes 

7 pF 4 

10 pF 4,5 

5. Effective capacitance calculated from the equation C = I I'>M V w1th t. V = 3 volts and power supply at 5.0V. 
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OPERATION 

READ MODE 

The MKI48Z02/12 is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low, 
providing a ripple-through access of data from eight 
of 16,384locations in the static storage array. Thus, 
the unique address specified by the 11 Address 
Inputs (An) defines which one of 2,048 bytes of data 
is to be accessed. 

Figure 3. Read-Read-Write Timing 

READ 
tRC 

I 
==>< X AO-A10 

MKI48Z02, MKI48Z12 

Valid data will be available to the eight data Output 
Drivers within tAA after the Ia§ addr~ss input signal 
is stable, provid!_Qg thi!t the E and G access times 
are satisfied. If E or G access times are not met, 
data access will be measured from the limiting 
parameter (tcEA or toEA), rather than the address. 
The st~e of ttl? eight Data 1/0 signals is controlled 
by the E and G control signals. The data lines may 
be in an indeterminate state between toH and 1M, 
but the data lines will always have valid data at tM. 

READ WRITE 

tRCI twc~ 

rx 
rtCEA~ 1----tAA~ 

r----t--tAS _,_j___tWR 

1---j---tAW 

I 

w 1-tOH-

!--tOEA-

000-007 VALID OUT l><' x VALID OUT 

AC ELECTRICAL CHARACTERISTICS (Read Cycle Timing) 
(-40°C ~TA ~ +85°C; Vee max~ Vee~ Vee min) 

MKI48ZX2-15 MKI48ZX2-20 
Symbol Parameter 

Min. Max. Min. Max. 

IRe Read Cycle Time 150 200 

IAA Address Access Time 150 200 

tcEA Chip Enable Access Time 150 200 

toEA Output Enable Access lime 75 80 

tcEZ Chip Enable Hi to High-Z 35 40 

toEZ Output Enable Hi to High-Z 35 40 

toH Valid Data Out Hold Time 15 15 

Note : Measured using the Output Load Diagram shown Page 4. 

u-,~·-Jr: 
tOEZ 

VALID IN 

VR000942 

MKI48ZX2-25 
Unit Note 

Min. Max. 

250 ns 

250 ns 1 

250 ns 1 

90 ns 1 

50 ns 

50 ns 

15 ns 1 
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MKI48Z02, MKI48Z12 

WRITE MODE 
The MKI48Z02/12 is in Write Mode whenever the 
Wand E inputs are held low. The start of a Write is 
referenced to the latter occurring falling edge of 
either W or E.~ W!:]_te is terminated by the earlier 
rising edge of W or E. The ~dre2_ses must be held 
valid throughout the cycle. WorE must return high 
for a minimum of twR prior to the initiation of another 
Read or Write Cycle. Data-in must be valid for los 
prior to the End of Write and remain valid for loH 
afterwards. 

Figure 4. Write-Write-Read Timing 

Some processors thrash producing spurious Write 
Cycles during power-up, despite appjjpatio_r:! of a 
power-on reset. Users should force W or E high 
during power-up to protect memory after Vee 
reaches Vcc(min) but before the processor stabi­
lizes. 
The MKI48Z02/12 G input is a don't care in the write 
mode. G can be tied low and two-wire RAM control 
can be implemented. A low on W will disable the 
outputs twEZ after W falls. Take care to avoid bus 
contention when operating with two-wire control. 

WRITE WRITE READ 

tRC 

AO-A10 

1------tAA----1 

AC ELECTRICAL CHARACTERISTICS (Write Cycle Timing) 
(-40°C~TA ~ +85°C; Vee max ~Vee~ Vee min) 

MKI48ZX2-15 MKI48ZX2-20 
Symbol Parameter 

Min. Max. Min. Max. 

lwc Write Cycle Time 150 200 

lAs Address Setup Time 0 0 

lAW Address Valid to End of Write 120 140 

tcew Chip Enable to End of Write 90 120 

lwEW Write Enable to End of Write 90 120 

lwR Write Recovery Time 10 10 

los Data Setup Time 40 60 

loH Data Hold Time 0 0 

twez Write Enable Low to High-Z 50 60 
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tOEA 

VR000795 

MKI48ZX2-25 
Unit 

Min. Max. 

250 ns 

0 ns 

180 ns 

160 ns 

160 ns 

10 ns 

100 ns 

0 ns 

80 ns 

Note 



DATA RETENTION MODE 
With Vee applied, the MKI48Z02/12 operates as a 
conventional BYTEWIDE static RAM. However, 
Vee is being constantly monitored. Should the sup­
ply voltage decay, the RAM will automatically 
power-fail deselect, write protecting itself when Vee 
falls within the VPFD (max), VPFD (min) window. The 
MKI48Z02 has a VPFD (max) to VPFD (min) window 
of 4.75 volts to 4.5 volts, providing very high data 
security, particularly when all of the other system 
components are specified to 5.0 volts plus and 
minus 10%. The MKI48Z12 has a VPFD (max) to 
VPFD (min) window of 4.5 volts to 4.2 volts, allowing 
users constrained to a 1 0% power supply specifi­
cation to use the device. 

Note : A mid-write cycle power failure may corrupt 
data at the current address location, but does not 
jeopardize the rest of the RAM's content. At volt­
ages below VPFD (min), the user can be assured 
the memory will be in a write protected state, 
provided the Vee fall time does not exceed IF. The 
MKI48Z02/12 may respond to transient noise 
spikes that reach into the deselect window if they 
should occur during the time the device is sampling 
Vee. Therefore decoupling of power supply lines is 
recommended. 

The power switching circuit connects external Vee 
to the RAM and disconnects the battery when Vee 
rises above Vso. As Vee rises the battery voltage 
is checked. If the voltage is too low, an internal 
Battery Not OK (BOK) flag will be set. The BOK flag 
can be checked after power up. If the BOK flag is 
set, the first write attempted will be blocked. The 
flag is automatically cleared after the first write, 
and normal RAM operation resumes. Figure 5 illus­
trates how a BOK check routine could be struc­
tured. 

Normal RAM operation can resume tREe after Vee 
excee_Qs V.ffo (Max). Caution should be taken to 
keep E or W high as Vee rises past VPFD (Min) as 
some systems may perform inadvertent write 
cycles after Vee rises but before normal system 
operation begins. 

MKI48Z02, MK148Z12 

Figure 5. Checking the BOK Flag Status 

POWER-UP 

READ DATA 
AT ANY 

ADDRESS 

WRITE 
COMPLIMENT 
DATA BACK 

TO SAME 
ADDRESS 

READ DATA 
AT SAME 
ADDRESS 

AGAIN 

WRITE ORIGINAL 

DATA BACK TO 

SAME ADDRESS 

CONTINUE 

NOTIFY SYSTEM 
OF LOW 

BATTERY !DATA MAY 
BE CORRUPTED) 

VR000/89 
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MK148Z02, MK148Z12 

Figure 6. Power-Down/Power-Up Timing 

Vee 
VPFDimaxl 

VPFDiminl 

VSO 

E or W 

VROC0794 

DC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Trip Point Voltages) 
(-40°C ::; T A ::; +85°C} 

Symbol Parameter Min. Typ. 

VPFD Power-Fail Deselect Voltage (MKI48Z02) 4.50 4.6 

VPFD Power-Fail Deselect Voltage (MKI48Z12) 4.20 4.3 

Vso Battery Back-Up Switchover Voltage 3 

AC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Timing) 
(-40°C ::; T A ::; +85°C) 

Symbol Parameter Min. Typ. 

lpo E or W at V1H before Power Down 0 

IF VPFD (max) to VPFD (min) Vee Fall Time 300 

IFB VPFD (min) to Vso Vee Fall T1me 10 

IRS Vso to VPFD (min) Vee Rise Time 1 

IR VPFD (min) to VPFD (max) Vee Rise lime 0 

IREe E or W at V1H after Power Up 2 

Notes: 
1. All voltages referenced to GND. 

Max. 

4.75 

4.50 

Max. 

Unit 

v 
v 
v 

Unit 

ns 

J.LS 

J.lS 

J.LS 

J.lS 

ms 

2. VPFo (max) to VPFD (min) fall times of less IF may result in deselection/write protection not occurring untii50J.LS after Vee passes 
VPFD (min). 

3. VPFD (min) to Vso fall times of less than IFB may cause corruption of RAM data. 

8/11 

884 

Note 

1 

1 

1 

Notes 

2 

3 



DATA RETENTION TIME 

About Figure 7 

Figure 7 illustrates how expected MKI48Z02/12 
battery life is influenced by temperature. The life of 
the battery is controlled by temperature and is 
virtually independent of the percentage of time the 
MKI48Z02112 spends in battery back-up mode. 

Battery life predictions presented in Figure 7 are 
extrapolated from temperature accelerated life-test 
data collected in over 1 00 million device hours of 
continuing bare cell and encapsulated cell battery 
testing by SGS-THOMSON. Obviously, tempera­
ture accelerated testing cannot identify non-tem­
perature dependent failure mechanisms. However, 
in view of the fact that no random cell failures have 
been recorded in any of SGS-THOMSON's ongo­
ing battery testing since it began in 1982, we be­
lieve the likelihood of such failure mechanisms 
surfacing is extremely poor. For the purpose of this 
testing, a cell failure is defined as the inability of a 
cell stabilized at 25"C to produce a 2.0 volt closed­
circuit voltage across a 250K ohm load resistance. 

A Special Note :The summary presented in Figure 
7 represents a conservative analysis of the data 
presently available. While SGS-THOMSON is most 
likely in possession of the largest collection of 
battery life data of this kind in the world, the results 
presented should not be considered absolute or 
final ; they can be expected to change as yet more 
data becomes available. We believe that future 
read-points of life tests presently under way and 
improvements in the battery technology itself will 
result in a continuing improvement of these figures. 

Two end of life curves are presented in Figure 7. 
They are labeled "Average (tso%)" and "(11%)". 
These terms relate to the probability that a given 
number of failures will have accumulated by a 
particular point in time. If, for example, expected 

1 

MKI48Z02, MKI48Z12 

life at 80°C is at issue, Figure 7 indicates that a 
particular MKI48Z02/12 has a 1% chance of having 
a battery failure 10 years into its life and a 50% 
chance of failure at the 17 year mark. Conversely, 
given a sample of devices, 1% of them can be 
expected to experience battery failure within 10 
years ; 50% of them can be expected to fail within 
17 years. 

The t1% figure represents the practical onset of 
wear-out, and is therefore suitable for use in what 
would normally be though of as a worst-case anal­
ysis. The tso% figure represents "normal" or "aver­
age" life. It is, therefore, accurate to say that the 
average device will last "tso<>Jo". 

Battery life is defined as beginning on the date of 
manufacture. Each MKI48Z02/12 is marked with a 
nine digit manufacturing date code in the form 
H99XXYYZZ, example: H995B9231 is H -fabri­
cated in Carrollton, TX; 9 -assembled in Muar, 
Malaysia; 9 -tested in Muar, Malaysia; 58 -lot des­
ignator; 9231 -assembled in the year 1992, work 
week31. 

CALCULATING PREDICTED BATTERY LIFE 

As Figure 7 indicates, the predicted life of the 
battery in the MKI48Z02/12 is a function of temper­
ature. The back-up current required by the memory 
matrix in the MKI48Z02/12 is so low that it has 
negligible influence on battery life. 

Because predicted battery life is dependent upon 
application controlled variables, only the user can 
estimate predicted battery life in a given design. As 
long as ambient temperature is held reasonably 
constant, expected life can be read directly from 
Figure 7. If the MKI48Z02112 spends an apprecia­
ble amount of time at a variety of temperatures, the 
following equations should be used to estimate 
battery life. 

Predicted Battery Life = -------------------------------------------------------------------------
[(TMTT}/BL1)] + [(TA21TT}/BL2] + ... + [(TAniTT)/BLn)] 

Where: TA1, TA2, TAn= Time at Ambient Temperature 1, 2, etc. 

TT =Total Time = TA1 + TA2 + ... + TAn 
BL 1, BL2, BLn = Predicted Battery Lifetime at Temp 1, Temp 2, etc (see Figure 7). 
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EXAMPLE PREDICTED BATTERY LIFE CALCU­
LATION 

A process control computer operates in an environ­
ment where the MKI48Z02/12 is exposed to tem-

peratures of 50°C or less for 3066 hrs/yr ; 
temperatures greater than 25°C, but less 
than 60°C for 5256 hrs/yr ; and tempera­
tures greater than 40°C, but less than 85°C for 
the remaining 438 hrs/yr. 

Reading predicted typical life values from Figure 7; BL1 = 275 yrs., BL2 = 95 yrs., BLs = 6 yrs. 

Total Time (TT) = 8760 hrs./yr. TA1 = 3066 hrs./yr. TA2 = 5256 hrs./yr. TAs = 438 hrs./yr. 

Predicted.Typical Battery Life~ 
1 

[(3066/8760)/275] + [(5256/8760)/95] + [(438/8760)/6] 

~ 62.8 yrs. 

Figure 7. Predicted Battery Storage Life Versus Temperature 
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ORDERING INFORMATION 

Example: MKI48Z02 8 

T 
c£; 

B PHDIP24 

MKI48Z02, MKI48Z12 

15 

15 150ns 

20 200ns 

25 250ns 

For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 

For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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MK48Z08,18 
MK48Z09,19 

CMOS8Kx8ZEROPOWERSRAM 

• INTEGRATED ULTRA LOW POWER SRAM, 
POWER-FAIL CONTROL CIRCUIT AND BAT­
TERY. 

• UNLIMITED WRITE-CYCLES. 
• READ-CYCLE TIME .EQUALS WRITE-CYCLE 

TIME. 
• PREDICTED WORST CASE BATIERY LIFE OF 

11 YEARS@ ?O'C. 
• PIN AND FUNCTION COMPATIBLE WITH 

JEDEC STANDARD 8K X 8 SRAMS. 
• AUTOMATIC POWER-FAIL CHIP DESE­

LECT/WRITE PROTECTION. 
• CHOICE OF TWO WRITE PROTECT VOLT­

AGES: 
- MK48Z08/09- 4.50V ~ VPFD ~ 4.75V 
- MK48Z18/19- 4.20V ~ VPFD ~ 4.50V 

DESCRIPTION 

The MK48Z08/18/09/19 ZEROPOWER™ RAM 
combines an 8K x 8 full CMOS SRAM and a long 
life lithium carbon mono-fluoride battery in a single 
plastic DIP package. The MK48Z08/18/09/19 is a 
Non Volatile, pin and function equivalent to any 
JEDEC standard BK x 8 SRAM. It also easily fits 
into many EPROM and EEPROM sockets, provid­
ing the non-volatility of the PROMs without any 
requirement for special write timing, or limitations 
on the number of writes that can be performed. 

In addition, the MK48Z08/18/09/19 has its own 
Power-fail Detect circuit. The circuit deselects the 
device whenever Vee is below tolerance, providing 
a high degree of data security in the midst of 
unpredictable system operations brought on by 
low Vee. 

PIN NAMES 

AO-A12 Address Inputs 

E1, E2 Chip Enables 

w Write Enable 

G Output Enable 

DQ0-007 Data Inputs/Outputs 

INT Power Fail Interrupt 

Vcc/GND 5 Volts I Ground 

NC Not Connected 

February 1991 

PHDIP28 WITH BATIERY TOP HAT (B) 

Figure 1. Pin Connections 

Ne 
A12 

A7 

A6 
A5 
A4 
A3 

A2 
A1 

AO 
DQO 
DQ1 

DQ2 
GND 

INT 
A12 

A7 

A6 
A5 
A4 
A3 
A2 
A1 

AD 
DQO 
DQ1 

DQ2 
GND 

[ 1 
. 

28 

[ 2 27 

[ 3 26 

[ 4 25 

[ 5 24 

[ 6 23 

[ 7 MK48Z08 22 

[ 8 MK4SZ1S 21 

[ 9 20 

[ 10 19 

11 18 

12 17 

13 16 ] 

14 15 ] 

VA00563 . 
1 28 

2 27 

3 26 ] 

4 25 J 
5 24 ~ 

6 23 

7 MK4SZ09 22 

8 MK48Z19 21 

9 20 

: 10 19 

11 18 

: 12 17 

13 16 

[ 14 15 

VA00564 

Vee 
w 
Ne 
AS 
A9 
A11 

G 
A10 

E 
DQ7 
DQ6 
DQ5 
D04 
DQ3 

Vee 
w 
E2 
AS 
A9 
A11 

A10 
E', 
DQ7 
DQ6 
DQ5 
DQ4 
DQ3 
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MK48Z08, 18,09,19 

Figure 2. Block Diagram 

Vee 

r- - --------------------------, 
1 
I 
I 
I 
I 
I 
I L 

T CELL 

POWER 

VOLTAGE SENSE 
AND POK 

SWITCHING 
CIRCUITRY 

I 
I 

I 
I 
I 

8K X 8 

RAM I 

CMOS 
I 

_l 

CELL 
J 
I 
I 

_l 

I 

--------------------jt------~ 

TRUTH TABLE (MK4BZOB/18) 

Vee E G w Mode 

V1H X X Deselect 
<Vee (max) VIL X VIL Write 

> Vcc(min) V1L V1L V1H Read 

V1L VIH VIH Read 

< VPm (min) X X X Deselect 
> Vso 

~Vso X X X Deselect 

TRUTH TABLE (MK48Z09/19) 

Vee E1 E2 G w Mode 

<Vee (max) 
V1H X X X Deselect 

X V1L X X Deselect 

V1L V1H X V1L Write 

> Vcc(min) VIL V1H V1L VIH Read 

VIL V1H V1H V1H Read 

< VPFD (min) X X X X Deselect 
>Vso 

~Vso X X X X Deselect 
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T (MK48Z09/19 ONLY) IN 

AO-A12 

OQO-DQ7 

E _1 
w 

E 2 (MK48Z09/19 ONLY) 

VR000836 

DQ Power 
HighZ Standby 

DIN Active 

Dour Active 

HighZ Active 

HighZ CMOS 
Standby 

HighZ Battery 
Back-up 

DQ Power 
HighZ Standby 

HighZ Standby 

DIN Active 

Dour Active 

HighZ Active 

HighZ CMOS 
Standby 

HighZ Battery 
Back-up 



MK48Z08, 18,09,19 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Po Total Power Dissipation 1.0 w 
louT Output Current per Pin 20 rnA 

Voo Voltage on any Pin Relative to GND -0.3 to +7.0 v 

TsTG Ambient Storage (Vee Off) Temperature -40 to 85 ·c 

TA Ambient Operating Temperature o to 70 ·c 

Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the dev1ce at these or any other conditions above those ind1cated in the operational section of this specification is 
not implied. Exposure to the absolute maximum rat1ng cond1t1ons for extended periods of ume may affect reliability. 
CAUTION :Negative undershoots below -o.3 volts are not allowed on any pin while in the Battery Back-up mode. 

RECOMMENDED DC OPERATING CONDITIONS (0°C::; TA::; 70°C) 

Symbol Parameter 

Vee Supply Voltage (MK48Z08/09) 

Vee Supply Voltage (MK48Z18/19) 

GND Supply Voltage 

VIH Logic "1" Voltage All Inputs 

V1L Logic "0" Voltage All inputs 

DC ELECTRICAL CHARACTERISTICS 
(0°C::;TA::;+70°C;Vccmin::;Vcc::; Vccmax) 

Symbol Parameter 

lcc1 Average Vee Power Supply Current 

lcc2 TIL Standby Current (E1 = VtH or E2 = VtL) 

lcc3 CMOS Standby Current (E1 =Vee -0.2V) 

itL Input Leakage Current (Any Input) 

loL Output Leakage Current 

VoH Output Logic "1" Voltage (louT= -1.0mA) 

VoL Output Logic "0" Voltage (louT = +2.1 rnA) 

VI NT INT Logic "0" Voltage (louT= +0.5mA) 

Min. Max. 

4.75 5.5 

4.5 5.5 

0 0 

2.2 Vee+ 0.3V 

-0.3 0.8 

Min. Max. 

80, 125 

3 

3 

-1 1 

-5 5 

2.4 

0.4 

0.4 

Unit 

v 
v 
v 
v 
v 

Unit 

rnA 

rnA 

rnA 

!!A 

!!A 

v 
v 
v 

Notes 

1 

1 

1 

1 

1, 2 

Notes 

3,6 

4 

5 

5 
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MK48Z08, 18,09,19 

AC TEST CONDITIONS 

Input Levels 

Transition Times 

Input and Output Timing 
Reference Levels 

OUTPUT LOAD DIAGRAM 

MK48Z08-70 

D.U.T 

1K 
ohms 

CAPACITANCE 

(TA = 25°C) 

Symbol 

+5V 
--

O.OV to 3.0V 

5ns 

1.5V 

1.8K 
ohms 

== 30pF 

--=--

VROOOB37 

Parameter 

Cl Capacitance On All Pins (except DQ) 

Ca Capacitance On DQ Pins 

Notes: 
1. All voltages referenced to GND. 

2. Negative spikes of -1.0 volt allowed for up to 1 Ons once per Cycle. 

3. lcc1 measured with outputs open. 

4. 1mA typical. 

5. Measured with Vee;, v, ;, GND and outpus deselected. 

6. SOmA@ 1 DOns, & 125mA@ 70ns. 

MK48Z08,18,09,19 

D.U.T 

Max. 

10.0 

10.0 

1K 
ohms 

Unit 

pF 

pF 

7. Effective capacitance calculated from the equation C = lliVliV with liV = 3 volts and power supply at S.OV. 

8. Measured with outputs deselected. 
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1.8K 
ohms 

=c= 100pF 

VR000823 

Notes 

7 

7,8 



MK48Z08, 18,09,19 

Figure 3. Power Down/Up Timing 

Vee 
VPFD(mox) 

VPFD(min) 

vso 

------\-------------------------------; ----------

====== l\===========================1 = ========== tF-c-~ I /1 
f---=-- f--------- !DR tRB 

tPO • -1-- tFB •c---1- tR 

_T-tPFX ~ 
INT -+------.\I ~r-t-----

(MKi8Z09/19 ONLY) 'f----------/ f-------------+--+1 
\PFH -f--

INPUTS 
--..... .------lr-------1 f---------,lir;:;;;:;;:-\lr----

RECOGNIZED DON'T CARE ~I'-----

OUTPUTS -:;v~AU~D~::j_------~1--- -----------~~~~~LID~;; (PER CONTROL INPUT) HIGH z (PER CONTROL INPUT) 

VA00560 

Note: Inputs may not be recognized at this time. Caution should be taken to keep Et high or E,low as Vee rises past VPFD(min). Some systems 
may perform inadvertent write cycles after Vee rises above VPFo(min)but before normal system operations begins. Even though a power on 
reset is being applied to the processor a reset condttion may not occur until after the system clock ts running. 

AC ELECTRICAL CHARACTERISTICS (Power Up/Down Timing) 
(oac::; TA::; +70°C) 

Symbol Parameter Min. 

lpo E, or W at V;H or E2 at VtL before Power Down 0 

IF VPFD (max) to VPFD (min) Vee Fall Time 300 

IFB VPFD (min) to Vso Vee Fall Time 10 

tR VPFD (min) to VPFD (max) Vee Rise Time 0 

tRB Vso to Vpm (min) Vee Rise Time 1 

tREC E, or W at VtH or E2 at VtL after Power Up 1 

tPFX INT Low to Auto Deselect 10 

tPFH VPFD (max) to INT High 

DC ELECTRICAL CHARACTERISTICS (Power Up/Down Trip Points) 
(0°C < TA < +70°C) - -

Values 
Symbol Parameter 

Min. Typ. 

VpfD Power-fail Deselect Voltage (MK4BZOB/09) 4.5 4.6 

VPFD Power-fail Deselect Voltage (MK48Z18/19) 4.2 4.3 

Vso Battery Back-up Switehover Voltage 3.0 

loR Expected Data Retention Time 11 

Max. Units Note 

I!S 

I!S 2 

I!S 3 

I!S 

I!S 

ms 

40 !!S 

120 I!S 4 

Unit Note 
Max. 

4.75 v 1 

4.5 v 1 

v 1 

YEARS 

Notes: !.All voltages referenced to GND. 
2. VPFD (max) to VPFD (min) fall time of Jess than IF may result in deselection/write protection not occurring unti1200 ~s after Vee pas­

sesVPFD (min). 
3.llefo (min) to Vso fall time of less than tFe may cause corruption of RAM data. 
4. JNT may go high anytime after Vee exceeds VPFo (min) and is guaranteed to go high l?FH after Vee exceeds VeFo (max). 
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MK48Z08, 18,09,19 

READ MODE 

The MK48Z08/18/09/19 is in the Read Mode when­
ever W (Write Enable) is high, Et (Chip Enable 1) is 
low, and E2(Chip Enable 2) is high (MK48Z09/19). 
The device architecture allows ripple-through ac­
cess of data from eight of 65,536 locations in the 
static storage array. Thus, the unique address spe­
cified by the 13 Address Inputs defines which one 
of the 8,192 bytes of data is to be acces~ed. \(al!d 
data will be available at the Data 1/0 p1ns w1th1n 
tAvov after the last address input signal is stable, 
providing that the Chip Enable and Output Enable 
access times are satisfied. 

AC ELECTRICAL CHARACTERISTICS (Read Cycle) 

(0°C:::; TA:::; +70°C; Vee m1n:::; Vee:::; Vee max) 

If Chip Enable or Output Enable access times are 
not yet met, valid data will be available at the latter 
of Chip Enable Access Time (tELov) or at Ou~put 
Enable Access Time (tGLov). The state of the e1ght 
three-state Data 1/0 signals is controlled by Chip 
Enable and Output Enable. If the Outputs are 
activated before tAvov, the data lines will be driven 
to an indeterminate state until tAvov. If the Address 
Inputs are changed while Chip E~able a~d O~tput 
Enable remain low, output data Will rema1n valid for 
Output Hold from Address (tAxox) but will go in­
determinate until the next Address Access. 

MK48Z08-70 MK48Zxx-10 
Symbol Parameter Unit Note 

Min. Max. Min. Max. 

tE1LQX Chip Enable 1 to Q Low-Z 10 10 ns 

tE2HOX Chip Enable 2 to Q Low-Z 10 10 ns 

tAX OX Output Hold from Address 5 5 ns 

tGLOX Output Enable to Q Low-Z 5 5 ns 

tAVAV Read Cycle Time 70 100 ns 

tAVOV Address Access Time 70 100 ns 

tE1LQV Chip Enable 1 Access Time 70 100 ns 

tE2HQV Chip Enable 2 Access Time 70 100 ns 

tGLQV Output Enable Access Time 20 50 ns 

tE1HQZ Chip Enable 1 to Q High-Z 20 50 ns 

tE2LOZ Chip Enable 2 to Q High-Z 20 50 ns 

tGHQZ Output Disable to Q High-Z 15 40 ns 
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MK48Z08, 18,09,19 

Figure 4. Read Timing no 1 (Address Access) 

~~---------------IAVAV--------------~~ 

ADDRESS -----------:k,..---------------------------------->k~-----------

c;:: .. VO'=:J ---
DO DATA VALID ~---------D_A_T_A_V_A_LI_D ________ _ 

VRODDBIB 

Figure 5. Read Timing no 2 

ADDRESS 

E2 

DO 

~--------------tAVAV----------------~ 

~--------!A VQV 
I------IE1LQV ---------1 

------!E2HOV ---1----1 

!E2HQX-------I 

IGLOX ------1 

DATA VALID 

VR000819 
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MK48Z08,18,09, 19 

WRITE MODE 

The MK48Z08/18/09/19 is in the Write Mode when­
ever Write Enable and Chip Enable are active. The 
sta~ of a write is ~feren_g_ed to the latter occurring 
fallmg edge of W or Et or rising edge of E2 
(~.K48Z09!19).~ wri@ is terminated by the earlier 
nsmg edge of W or Et, or the falling edge of E2 
(MK48Z09/19). The addresses must be held valid 
throughout the cycle. Et or W must return high or 
E2 low for minimum of lEt HAX or IE2LAX prior to the 

initiation of another read or write cycle. Data-in 
must be valid tovwH prior to the end of write and 
remain valid for twHDX afterwards. 

Because G is a Don't Care in the Write Mode and 
a low on W will return the outputs to High-Z, G can 
be tied low and two-wire RAM control can be 
implementec:!:_ A low on W will disable the outputs 
twwz after W goes low. Take care to avoid bus 
contention when operating with two-wire control. 

AC ELECTRICAL CHARACTERISTICS (Write Cycle) 
(oac :5 TA :5 +70ac; Vee min :5 Vee :5 Vee max) 

MK48Z08-70 MK48Zxx-10 
Symbol Parameter Unit Notes 

Min. Max. Min. Max. 

IAVWL Address Set-Up Time toW Low 0 0 ns 

tAVE1L Address Set-Up Time 0 0 ns 

tAVE2H 
to Chip Enable Active 

0 0 ns 

tE1HAX Write Recovery from Chip 10 10 ns 2 

tE2LAX 
Enable (Address Hold Time) 10 10 ns 2 

twHDX Data Hold Time 5 5 ns 1' 2 

tAVAV Write Cycle Time 70 100 ns 

tAVWH Address Valid to W High 50 80 ns 

twLWH Write Pulse Width 50 80 ns 

twHAX Address Hold after End of Write 10 10 ns 1 

tE1LE1H Chip Enable Active to 50 80 ns 2 

tE2HE2L 
End of Write 

50 80 ns 2 

tovwH Data Valid to End of Write 40 50 ns 1' 2 

twHOX End of Write to Q Low-Z 10 10 ns 

twLOZ W Low to Q High-Z 40 50 ns 

Notes. 
1. In a W Controlled Cycle. 

2. In a E1, E2 Controlled Cycle. 
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MK48Z08, 18,09,19 

Figure 6. Write Control Write Cycle Timing 

tAVAV 

ADDRESS ----------. 

tAVWH 

tAVE1L 
'} 

\E1HAX 
tE1LE1H 

-tAVE2H- tE2LAX 

E2 

tE2HE2L 
tWHAX 

.1-- tWLWH 
_/ 

.J-tWLQZ 
-tAVWL tGLQX-

w 

~tGHQZ- ~ 

tD VWH -1--- t WHD X_=j 

1

xxxx XX DATA IN VALID )'--K() 

VROO tWHOX 

DO 

D820 

Figure 7. Chip Enable Control Write Cycle Timing 

tAVAV 

ADDRESS ----------. 
~ 

tAVWH 
tE1HAX 

tE1LE1H 

tAVE1L tE2LAX 

tAVE2H 

E2 

tE2HE2L 

w 

" 
tWLWH 

tDVWH I tWHDX 

DQ -------------------~------D-AT-A--IN--VA-L-ID-------~ 
VROD0821 
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MK48Z08,18,09, 19 

DATA RETENTION MODE 
With Vee applied, the MK48Z08/1 8/09/19 operates 
as a conventional BYTEWIDETM Static RAM. 
Should the supply voltage decay, the RAM will 
automatically power-fail deselect, write protecting 
itself when Vee falls within the VPFD(max), 
VPFD(min) window. 

Note : A mid-write cycle power failure may corrupt 
data at the currently addressed location, but does 
not jeopardize the rest of the RAM's content. At 
voltages below VPFo(Min), the user can be assured 
the memory will be in a write protected state, 
provided the Vee fall time is not less than !F. The 
MK48Z08/1 8/09/19 may respond to transient 
noise spikes that reach into the deselect window if 
this should occur during the time the device is 
sampling Vee. Therefore decoupling of the power 
supply lines is recommended. 

The power switching circuit connects external Vee 
to the RAM and disconnects the battery when Vee 
rises above Vso. Normal RAM operation can re­
sume tREC after Vee exceeds VPFD(max). Caution 
should be taken to keep E1 high (MK48Z08/18) or 
E2low (MK48Z09/19) as Vee rises past VPFD(min) 
as some systems may perform inadvertent write 
cycles after Vee rises but before normal system 
operation begins. 

POWER FAIL INTERRUPT 
The MK48Z09/1 9 continuously monitors Vee. When 
Vee falls to the power fail detect trip point of the 
MK48Z09/19 an interrupt is immediately generated. 
An internal clock provides a delay no less than 1 OJ.!S 
but no greater than 40 flS bel~ automatically 
deselecting the MK48Z09/1 9.The !NT pin is an open 
drain output and requires an external pull up resistor. 

PREDICTING BACK-UP SYSTEM LIFE 
The useful life of the battery in the MK48Z08/1 8/ 
09/19 is expected to ultimately corne to an end for 
one of two reasons : either because it has been 
discharged while providing current to an external 
load ; or because the effects of aging render the cell 
useless before it can actually be discharged. Fortu­
nately, these two effects are virtually unrelated, al­
lowing discharge, or Capacity Consumption, and the 
effects of aging, or Storage Life, to be treated as two 
independent but simultaneous mechanisms, the ear­
lier of which defines Back-up System life. 

With Vee on, the battery is disconnected from the RAM 
and aging effects become the determining factor in 
battery life. With Vee off, leakage currents in the RAM 
provide the only load on the Battery during battery 
back-up. For the MK48Z08/18/09/1 9, the leakage cur­
rents are so low that the Back-up System Life of the 
device is simply the Storage Life of the cell. The 
Storage Life of the cell is a function of tempera­
ture. 

10/12 
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PREDICTING STORAGE LIFE 

Figure 8 illustrates how temperature affects Storage 
Life of the MK48Z08/18/09/19 battery. The life of the 
battery is controlled by temperature and is virtually 
unaffected by leakage currents drawn by the 
M K48Z08/1 8/09/1 9. 

Storage Life predictions presented in Figure 8 are 
extrapolated from temperature accelerated life-test 
data collected in over 100 million device hours of 
continuing bare cell and encapsulated cell battery 
testing by SGS-THOMSON. Obviously, temperature 
accelerated testing cannot identify non-temperature 
dependent failure mechanisms. However, in view of 
the fact that no random cell failures have been 
recorded in any of SGS-THOMSON's on going bat­
tery testing since it began in 1 982, we believe the 
chance of such failure mechanisms surfacing is ex­
tremely small. For the purpose of the testing, a cell 
failure is defined as the inability of a cell stabilized at 
25'C to produce a 2.4 volt closed-circuit voltage 
across a 250K load resistance. 
A Special Note: The summary presented in Figure 
8 represents a conservative analysis of the data 
presently available. While SGS-THOMSON is most 
likely in possession of the largest collection of 
battery life data of this kind in the world, the results 
presented should not be considered absolute or 
final ; they can be expected to change as yet more 
data becomes available. We believe that future 
read points of life test presently under way and 
improvements in the battery technology itself will 
result in a continuing improvement of these figures. 

Two end of life curves are presented in Figure 8. 
They are labeled "Average" (t5o%) and (t1"fo). 
These terms relate to the probability that a given 
number of failures will have accumulated by a 
particular point in time. If, for example, expected 
life at ?O'C is at issue, Figure 8 indicates that a 
particular MK48Z08/1 8/09/19 has a 1% chance of 
having a battery failure 11 years into its life and a 
50% chance of failure at the 20 year mark. Con­
versely, given a sample of devices, 1% of them can 
be expected to experience a battery failure within 
1 1 years ; 50% of them can be expected to experi­
ence a failure within 20 years. 

The t1% figure represents the practical onset of wear 
out, and is therefore suitable for use in what would 
normally be thought of as a worst-case analysis. The 
15o% figure represents "normal" or "average" life. It is, 
therefore, accurate to say that the average device will 
last "15o%". 

Battery life is defined as beginning at the date of man­
ufacture. Each MK48Z08/18/09/19 is marked with a 
nine digit manufacturing date code in the form 
H99XXYVZZ, example: H995B9231 isH -fabricated in 
Carrollton, TX; 9- assembled in Muar, Malaysia; 9-
tested in Muar, Malaysia; 58 -lot designator; 9231 
- assembled in the year 1992, work week 31. 



Calculating Predicted Storage Life of the Battery 

As Figure 8 indicates, the predicted Storage Life 
of the battery in the MK48Z08/18/09/19 is a func­
tion of temperature. 

Because the ambient temperature profile is de­
pen1ilent upon application controlled variables, 
only the user can estimate predicted 

Example Predicted Storage Life Calculation 

MK48Z08, 18,09,19 

Storage Life in a given design. As long as 
ambient temperature is held reasonably 
constant, expected Storage Life can be read 
directlyfromFigure8.1f the MK48Z08/18/09/19 
spends an appreciable amount of time at a 
variety of temperatures, the following equa­
tion should be used to estimate Storage Life. 

Predicted Storage Life= 1 I { [(TA1 ITT) I SL1] + [(TA2I TT) I SL2] + ... +[(TAN ITT) I SLN]} 

Where TA1, TA2, TAN, =Time at Ambient Temperature 1, 2, etc. 

TT = Total Time = TA1 + TA2 + ... + TAN 

SL 1, SL2, SLN = Predicted Storage Life at Temp. 1, Temp. 2, etc. (See Figure 8) 

Example Predicted Storage Life Calculation 
A cash register/terminal operates in an environ­
ment where the MK48Z08/18/09/19 is exposed to 

temperatures of 55"C or less for 8322 hrs./yr.; and 
temperatures greater than 60"C, but less than 
70"C, for the remaining 438 hrs./yr. 

Reading Predicted t1% values from Figure 8; SL 1 = 41 yrs., SL2 = 11.4 yrs., 
Total Time (TT) = 8760 hrs./yr. TA1 = 8322 hrs./yr. TA2 = 438 hfs./yr .. 

Predicted Typical Storage Life;;.: 1 I { [ (8322/8760) /41] + [(438/ 8760) /11.4] 

Predicted Typical Storage Life ~ 36 years 

Figure 8. Predicted Battery Storage Life Versus Temperature 
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MK48Z08, 18,09,19 

ORDERING INFORMATION 

Example: MK48ZOB B 

T 
c£ 

8 PHDIP28 

70 

70 70ns 

10 100ns 

For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 

For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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MKI48Z18 

CMOS 8K x 8 ZEROPOWER SRAM 

• INDUSTRIAL TEMPERATURE RANGE -40"C 
T0+85"C 

• INTEGRATED LOW POWER SRAM, POWER­
FAIL CONTROL CIRCUIT AND ENERGY 
SOURCE 

• UNLIMITED WRITE-CYCLES. 

• READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME. 

• PREDICTED WORST CASE BATTERY LIFE OF 
6 YEARS@ 85"C 

• PIN AND FUNCTION COMPATIBLE WITH 
JEDEC STANDARD 8K X 8 SRAMS. 

• AUTOMATIC POWER-FAIL CHIP DESELECT 
/WRITE PROTECTION. 

DESCRIPTION 

The MKI48Z18 8K x 8 ZEROPOWER™ RAM is a 
nonvolatile 65,536 bit SRAM organized as 8192 
words by 8 bits. The device combines an internal 
long life lithium battery and a full CMOS SRAM in 
a plastic 28 pin DIP. The ZEROPOWER RAM 
directly replaces industry standard SRAMs. It also 
fits into many EPROM and EEPROM sockets, pro­
viding the nonvolatility of PROMs without any re­
quirement for special write timing or limitations on 
the number of writes that can be performed. 

The MKI48Z18 has its own Power-fail Detect Cir­
cuit. The control circuitry constantly monitors the 
single SV supply for an out of tolerance condition. 
When Vee is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system oper­
ations brought on by low Vee. As Vee falls below 
approximately 3V, the control circuitry connects the 
battery which sustains data until valid power re­
turns. 

The MKI48Z18 is offered with an access time of 
1 DOns. The device is operational over a tempera­
ture range of -40"C to +85"C. For a complete 
description of electrical characteristics and bus 
timing, refer to the MK48Z18B10 specifications 
contained within the MK48Z08, 18 data sheet. 

February 1992 

ADVANCE DATA 

PHDIP28 WITH BATTERY TOP HAT (B) 

Figure 1. Pin Connection 

Ne 
A12 
A7 
A5 
AS 
A4 
A3 
A2 
A1 

AO 
000 
001 
002 
GNO 

PIN NAMES 

AO-A12 

E 

GND 

Vee 

w 

G 

DQO-DQ7 

~ 
1 
. 

2 

[ 3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

28 

27 

26 ~ 
25 p 
24 p 
23 p 

MKI48Z18 ~~ ~ 
20 

19 

18 

17 

16 

15 

VA00608 

Vee 
w 
Ne 
AB 
A9 
A11 
G 
A10 
E 
007 
005 
005 
004 
003 

Address Inputs 

Chip Enable 

Ground 

5Volts 

Write Enable 

Output Enable 

Data In/Data Out 

1/4 
Th1s 1s advance information on a new product now 1n develpment or undergomg evaluat1on Deta1ls are subject to change Without not1ce 

901 



MKI48Z18 

ABSOLUTE MAXIMUM RATINGS 

Symbol PARAMETER VALUES UNITS 

Po Total Device Power Dissipation 1.0 w 
louT Output Current Per Pin 20 rnA 

V1 Voltage on any Pin Relative to Ground -0.3 to+ 7.0 v 

TsTG Ambient Storage (Vee Off) Temperature -40 to +85 oc 
TA Ambient Operating Temperature -40 to +85 oc 

Note: Stresses greater than those listed under ''Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational section of this 
specificabon is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 
CAUTION: Negative undershoots below -0.3 volts are not allowed on any pin while in the Battery Back-up mode. 

RECOMMENDED DC OPERATING CONDITIONS (-40°C:'> TA :'>+85°C) 

Symbol Parameter 

Vee Supply Voltage 

GND Ground 

V1H Logic "1" Voltage All Inputs 

V1L Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS 

(-40°C:'> TA :'>+85°C; Vee min:<> Vee:<> Vee max) 

Symbol Parameter 

lcc1 Average Vee Power Supply Current 

lcc2 TTL Standby Current ( E= VJH) 

-
lcc3 CMOS Standby Current ( E = Vee --Q.2V) 

lrL Input Leakage Current (Any Input) 

loL Output Leakage Current 

VoH Output Logic "1" Voltage ( lour= -1.0 rnA) 

VoL Output Logic "0" Voltage (lour = +2.1 rnA) 

NOTES: 
1. All voltages referenced to GND. 
2. Negative spikes of -1.0 volts allowed for up to 10 ns once per Cycle. 
3. lc01 measured with outputs open. 
4. 1 rnA typical. 
5. Measured with Vee <: v, <: GND and outputs deselected. 

Min. Max. 

4.5 5.5 

0 0 

2.2 Vee+ 0.3v 

-0.3 0.8 

Min. Max. 

80 

3 

3 

-1 1 

-5 5 

2.4 

0.4 

Unit Notes 

v 1 

v 1 

v 1 

v 1,2 

Unit Notes 

rnA 3 

rnA 

rnA 4 

!!A 5 

!!A 5 

v 
v 

_214 __________ ~ SGS·1HOMSON---------­
"" "'f I. li:\1JD©Iiil@rgl!,rg@'ii'OO@IilJD@® 
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PREDICTING BATIERY LIFE 

Figure 2 illustrates how temperature affects Battery 
Storage Life of the MKI48Z18. Since the leakage 
currents of the MKI48Z18 are so low, Storage Life 
of the battery is the limiting factor in defining the 
Battery Lifetime of the device. Thus, B~tte~y Life­
time is controlled by temperature and 1s v1rtually 
unaffected by the current requirements of the 
MKI48Z18 RAM. 

Storage Life predictions presented in Figure 2 are 
extrapolated from temperature accelerated life-test 
data collected in over 1 00 million device hours of 
continuing bare cell and encapsulated cell battery 
testing by SGS-THOMSO~. For the pu_rpo~~ of the 
testing, a cell failure is defmed as the 1nab11ity of a 

MKI48Z18 

cell stabilized at 25"C to produce a 2.0 volt closed­
circuit voltage across a 250K load resistance. 

Two end of life curves are presented in Figure 2. 
They are labeled "Average" (tso%) and (11%). 
These terms relate to the probability that a given 
number of failures will have accumulated by a 
particular point in time. If, for example, expected 
life at 85"C is at issue, Figure 2 indicates that a 
particular MKI48Z18 has a 1% chance of having 
a battery failure 6.5 years into its life and a 50% 
chance of failure at the 1 0 year mark. Conver­
sely, given a sample of devices, 1% of _them ~a~ 
be expected to experience a battery failure W1lh1n 
6.5 years; 50% of them can be expected to ex­
perience a failure within 10 years. 

Figure 2. Predicted Battery Storage Life Versus Temperature 
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MKI48Z18 

ORDERING INFORMATION 

Example: MKI48Z18 B 

l 
c£ 

B PHDIP28 

10 

10 1 DOns 

For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 

For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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MK48Z30 
MK48Z30Y 

CMOS 32K x 8 ZEROPOWER SRAM 

• INTEGRATED ULTRA LOW POWER SRAM, 
POWER-FAIL CONTROL CIRCUIT AND BAT­
TERY. 

• UNLIMITED WRITE-CYCLES. 

• READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME. 

• MINIMUM BATIERY BACK-UP OF 10 YEARS 
@25"C. 

• PIN AND FUNCTION COMPATIBLE WITH 
JEDEC STANDARD 32K X 8 SRAMS. 

• AUTOMATIC POWER-FAIL CHIP DESELECT I 
WRITE PROTECTION. 

• DUAL WRITE PROTECT VOLTAGES: 
MK48Z30 - 4.50V ~ VPFD~ 4.75V 
MK48Z30Y- 4.20V ~ VPFD ~ 4.50V 

DESCRIPTION 

The MK48Z30/30Y ZEROPOWER™ RAM com­
bines a 32K x 8 full CMOS SRAM and a long life 
lithium carbon mono-fluoride battery in a single 
plastic DIP package. The MK48Z30/30Y is a non­
volatile pin and function equivalent to any JEDEC 
standard 32K x 8 SRAM. It also easily fits into many 
EPROM and EEPROM sockets, providing the non­
volatility of PROMs without any requirement for 
special write timing, or limitations on the number of 
writes that can be performed. 

In addition, the MK48Z30/30Y has its own Power­
fail Detect Circuit. The circuit deselects the device 
whenever Vee is below tolerance, providing a high 
degree of data security in the midst of unpredict­
able system operations brought on by low Vee. 

February 1992 

PHDIP28 WITH BATIERY TOP HAT (B) 

Figure 1. Pin Connection 

A14 [ • J Vee 1 28 

A12 [ 2 27 w 
A7 [ 3 26 J A13 

A6 [ 4 25 J AS 
A5 [ 5 24 J A9 
A4[ 6 23 J A11 
A3 [ 7 MK48Z30 22 J G 
A2 [ s MK48Z30Y 21 ~ A10 
A1 l 9 20 H' 

AO 10 19 p 007 

000 11 18 p 006 

D01 12 17 p DOS 

002 13 16 p 004 

GND [ 14 15 p 003 

VA00605 

PIN NAMES 

AO-A14 Address Inputs 

E Chip Enable 

w Write Enable 

G Output Enable 

DQ0-007 Data Inputs/Outputs 

Vee. GND 5 Volts, Ground 
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MK48Z30, MK48Z30Y 

Figure 2. Block Diagram 

Vee 

r- - --------------------------. 
I 
I 

J- I 
I 
I 
I 
I 

LITHIUM 

T CELL 32K 8 I 
X 

I 
POWER RAM I 

VOLTAGE SENSE CMOS I 
AND POK I 

CELL 
I SWITCHING 

CIRCUITRY I 

I 
L_ --------------------~------~ 

AO-A14 

DQ0-007 

E 
w 
G 

VR000827 

TRUTH TABLE 

Vee E G w Mode DQ Power 

VJH X X Deselect HighZ Standby 
<Vee (max) 

VJL X V1L Wnte DIN Active 

> Vcc(min) V1L VJL V1H Read DouT Active 

VJL V1H V1H Read HighZ Active 

< VPFD (min) X X X Deselect High Z CMOS 
> Vso Standby 

<;,Vso X X X Deselect High Z 
Battery 
Back-up 
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MK48Z30, MK48Z30Y 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Po Total Power Dissipation 1.0 w 
lour Output Current per Pin 50 rnA 

v, Voltage on any Pin Relative to Ground --{).3 to +7.0 v 

TsTG Ambient Storage (Vee Off) Temperature -40 to 70 ·c 

TA Ambient Operating Temperature Oto 70 ·c 

Note: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. Th1s is a stress 
rating only and functional operatiOn of the device at these or any other conditions above those ind1cated 1n the opera!ional section of this 
spec1flcat10n is not implied. Exposure to the absolute maximum ratings cond1t1ons for extended penods of t1me may affect relmbility. 

CAUTION: Negative undershoots below -0.3 volts are not allowed on any pin while in the Battery Back-up mode. 

RECOMMENDED DC OPERATING CONDITIONS 

Symbol Parameter Min. Max. Unit Notes 

Vee Supply Voltage (MK48Z30) 4.75 5.5 v 1 

Vee Supply Voltage (MK48Z30Y) 4.5 5.5 v 1 

GND Ground 0 0 v 1 

ViH Logic "1" Voltage All Inputs 2.2 Vee+ 0.3V v 1 

VIL Logic "0" Voltage All Inputs --{).3 0.8 v 1, 2 

DC ELECTRICAL CHARACTERISTICS 
(0°C ~TA ~ +70°C; Vee min~ Vee~ Vee max) 

Symbol Parameter Min. Max. Unit Notes 

lcct Average Vee Power Supply Current (70ns) 85 rnA 3 

lcct Average Vee Power Supply Current (120ns) 70 rnA 3 

lcc2 TIL Standby Current (E = ViH) 3 rnA 

lcc3 
CMOS Standby Current (Vee max~ E ~ 2 rnA 
Vcc--{).3V) 

IlL Input Leakage Current (Any Input) -1 1 J.lA 4 

loL Output Leakage Current -2 2 J.lA 4 

VoH Output Logic "1" Voltage (lour= -4.0mA) 2.4 v 1 

VoL Output Logic "0" Voltage (lour= +8.0mA) 0.4 v 1 

Notes: 

1. All voltages referenced to GND. 

2. Negative spikes of -1.0 volt allowed for up to 10 ns once per Cycle. 

3. lee• measured with outputs open. 

4. Measured with Vee;, v,;, GND and outputs deselected. 
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MK48Z30, MK48Z30Y 

AC TEST CONDITIONS 

Input Levels 

Transition Times 

Input and Output Timing 
Reference Levels 

OUTPUT LOAD DIAGRAMS 

D.U.T 

240 
ohms 

• Includes Scope and Test Jig 

CAPACITANCE 

(TA = 25'C) 

Symbol 

0.0Vto3.0V 

+5V 
-, 

1.5 ns 

1.5V 

470 
ohms 

=i= 100pF* 

(A) 
VR000833 

Parameter 

C; Capacitance On All Pins (except DQ) 

Coo Capacitance On DQ Pins 

Notes: 

D.U.T 

240 
ohms 

Max. 

10.0 

10.0 

Unit 

pF 

pF 

1. Effective capacitance calculated from the equation C =I to.V!N with to.V = 3 volts and power supply at 5.0 V. 

2. Measured with outputs deselected. 
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+5V 
-, 

470 
ohms 

=i= SpF * 

(B) 
VR000834 

Notes 

1 

1,2 



Figure 3. Power Up/Down Waveform 

Vee 
VPFD(mox) 

VPFD(min) 

vso 

INPUTS 

MK48Z30, MK48Z30V 

OU1PUTS (~PE~R~cv~o~~L~ko~LI~NP;ul)j--------1 ~ HIGH Z -------------},.\::(P~ER:.!c~'6~~~~o~L ~NP:_L!U::!_T) 

VA00606 

REFERENCE: Inputs may not be recognized at this time. Caution should be taken to keep E high as Vee rises past VPoF(min). Some systems 
may perform inadvertent wnte cycles after Vee nses above VPoF(min)but before normal system operattons begins. Even though a power on 
reset is bemg applied to the processor a reset condition may not occur until after the system clock is runmng. 

AC ELECTRICAL CHARACTERISTICS (Power Up/Down Timing) 
(0°C::;; TA::;; +70°C) 

Symbol Parameter Min. 

lpo E or W at V;H before Power Down 0 

IF VPFD (max) to Vpm (min) Vee Fall lime 300 

IFB VPFO (min) to Vso Vee Fall Time 10 

IRs Vso to VpfO(min) Vee Rise Time 1 

IR VPFD (min) to VPFD (max) Vee Rise Time 0 

IREC E or W at V;H after Power Up 5 

DC ELECTRICAL CHARACTERISTICS (Power Up/Down Trip Points) 
(0°C < TA < +70°C) - -

Value 
Symbol Parameter 

Min. Typ. 

VPFD Power-fail Deselect Voltage (MK4BZ30) 4.5 4.6 

VPFD Power-fail Deselect Voltage (MK4BZ30Y) 4.2 4.3 

Vso Battery Back-up Switchover Voltage 2.5 

loR Expected Data Retention lime 10 

Max. Units Notes 

ns 

JlS 2 

JlS 3 

JlS 

JlS 

ms 

Units Notes 
Max. 

4.75 v 1 

4.5 v 1 

v 1 

YEARS 4 

Notes: 1.All voltages referenced to GND. 
2. VPFo (max) to VeFD (min) fall time of less than IF may result in deselectioniwrite protection not occurring until200 !!S after 

Vee passesVPFo (min). 
3. VPFD (min) to Vso fall time of Jess than tFB may cause corruption of RAM data. 
4.@25°C 
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MK48Z30, MK48Z30Y 

READ MODE 
The MK48Z30/30Y is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 
The device architecture allows ripple-through ac­
cess of data from eight of 262,144 locations in the 
static storage array. Thus, the unique address 
specified by the 15 Address Inputs defines which 
one of the 32,768 bytes of data is to be accessed. 
Valid data will be available at the Data 1/0 pins 
within tAvov after the last address input signal is 
stable, providing that the Chip Enable and Output 
Enable access times are satisfied. If Chip Enable 
or Output Enable access times are not met, valid 

AC ELECTRICAL CHARACTERISTICS {Read Cycle) 
(oac:;; TA:;; +70°C; Vee min:;; Vee:;; Vee max) 

data will be available at the Chip Enable Access 
Time (tELOV) or at Output Enable Access lime 
(tGLOV). 

The state of the eight three-state Data 1/0 signals 
is controlled by Chip Enable and Output Enable. If 
the Outputs are activated before tAvov, the data 
lines will be driven to an indeterminate state until 
tAvov. If the Address Inputs are changed while Chip 
Enable and Output Enable remain low, output data 
will remain valid for Output Data Hold lime (tAxox) 
but will go indeterminate until the next Address 
Access. 

MK48Z30/30Y-70 MK48Z30/30Y-12 
Symbol Parameter Unit Notes 

Min. Max. Min. Max. 

IAVAV Read Cycle Time 70 120 ns 

IAVQV Address Access Time 70 120 ns 1 

IELQV Chip Enable Access Time 70 120 ns 1 

tGLQV Output Enable Access lime 35 60 ns 1 

tELQX Chip Enable to Q Low-Z 10 10 ns 2 

tGLQX Output Enable to Q Low-Z 5 5 ns 2 

IEHQZ Chip Disable (E) High to Q High-Z 0 25 0 35 ns 2 

tGHQZ Output Disable (G) High to Q High-Z 0 25 0 35 ns 2 

tAX OX Output Hold From Address Change 10 10 ns 1 

Notes: 

1. Measured with load as shown in Figure A page 4. 
2. Measured with load as shown in Figure B page 4. 
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MK48Z30, MK48Z30Y 

Figure 4. Read Timing no 1 (Address Access) 

1-------tAVAV -----------i 

AO-A14 

t==tAVQV 

DQO-DQ7 DATA VALID 

VR000828 

Note: E = G = Low, W = High 

Figure 5. Read Timing no 2 

tAVAV 

AO-A14 ~ 

~tAVQV- tAXQX 

I tEHQZ - tELQV ~ 

tELQX 

tGLQV {tGHQZ -
tGLQX-r--

DQO-D07 ~ DATA VALID 1): 

NOTE: W=HIGH 
VR000829 
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MK48Z30, MK48Z30Y 

WRITE MODE 
The MK48Z30/30Y is in the Write Mode whenever 
Write Enable and Chip Enable are active. The start 
of a write is referenced to the latter occurring falling 
edge of Write Enable or Chip Enable. A write is 
terminated by the earlier rising edge of Write 
Enable or Chip Enable. The addresses must be 
held valid throughout the cycle. Chip Enable or 
Write Enable must return high or for minimum of 
twHAX prior to the initiation of another read or write 

cycle. Data-in must be valid tovwH prior to the end 
of write and remain valid for twHDX afterward. 

Because Output Enable is a Don't Care in the Write 
Mode and a low on Write Enable will return the 
outputs to High-Z, Output Enable can be tied low 
and two-wire RAM control can be implemented. A 
low on Write Enable will disable the outputs twLOz 
after Write Enable falls. Take care to avoid bus 
contention when operating with two-wire control. 

AC ELECTRICAL CHARACTERISTICS (Write Cycle) 

(0°C::; T A 5 +70°C; Vee min 5 Vee::; Vee max) 

MK48Z30/30Y-70 MK48Z30/30Y-12 
Symbol Parameter Unit Notes 

Min. Max. Min. Max. 

tAVAV Write Cycle Time 70 120 ns 

tAVWL Address Set-Up Time toW Low 0 0 ns 

tAVEL Address Set-Up Time to E Low 0 0 ns 

tAVWH Address Valid to W High 60 85 ns 

tWLWH Write Pulse Width 50 65 ns 

twHAX Address Hold after End of Write 0 0 ns 

tELEH Chip Enable Active to End of Write 55 85 ns 

tEHAX Address Hold Time from Chip Enable 0 0 ns 

tovwH Data Valid to End of Write 30 40 ns 

tWHDX Data Hold Time 0 0 ns 

twHOX W High to a Active 5 5 ns 1 

twLOz W Low to a High-Z 0 25 0 35 ns 1 

Notes: 
1. Measured with load as shown in Figure B page 4. 
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MK48Z30 MK48Z30V 

Figure 6. Write Control Write Cycle Timing 

\AVAV 

AO-A14 

tAVWH 

I 
tAVEL tWHAX 

\ELEH 

1.. r// 
\EHAX 

-tAVWL \WLWH 

w _____/ 

-- -tWLQZ 
1--tAVQV-

IY '.\. '\ ~\. '\ '\. 

DQO-DQ7 

11----tGHQZ ~ 

'=k t=''~ \WHDX-

rtWHQX ~ 

~ 
~ 

DATA VAUD 

VR000830 

Figure 7. Chip Enable Control Write Cycle Timing 

tAVAV 
------. 

A0-A14 

tAVWH 
!A VEL 

'l 
tELEH 

tEHAX 

\WLWH 

w V/ 
1---tWLQZ-

tGLQX 

Jf///////1 

DQO-DQ7 

1----tGHQZ~ 

t='DVWH tWHDXj 

~ X~ DATA VALID r-rr= 
VR000831 
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MK48Z30, MK48Z30V 

DATA RETENTiON MODE 

With Vee applied, the MK48Z30/30Y operates as 
a conventional BYTEWIDE™ static RAM. Should 
the supply voltage decay, the RAM will automati­
cally power-fail deselect, write protecting itself 
w~en Vee falls within the VPFo(max), VPFo(min) 
w1ndow. 

A mid-write cycle power failure may corrupt data at 
the currently addressed location, but does not jeop­
ardize the rest of the RAM's content. At voltages 
below VPFo(min), the user can be assured the 
memory will be in a write protected state, provided 
the Vee fall time is not less than tF. 

The power switching circuit connects external Vee 
t~ the RAM and disconnects the battery when Vee 
nses above Vso. Normal RAM operation can re­
sume tREe after Vee exc~ds VPFo(max). Caution 
should be taken to keep E or W high as Vee rises 
past VPFo(mi~) as some systems may perform 
Inadvertent wnte cycles after Vee rises but before 
normal system operation begins. 

BACK·UP SYSTEM LIFE 

The useful life of the battery in the MK4BZ30/30Y 
is expected to ultimately come to an end for one of 
two reasons: either because the effects of aging 
render the cells useless before it can actually be 

discharged; or because it has have been dis­
charged while providing current to an external load. 
T_hese two effects are virtually unrelated, allowing 
d1scharge, or Capacity Consumption, and the ef­
fects of aging, or Storage Life, to be treated as two 
independent but simultaneous battery end-of-life 
mechanisms. 

With Vee on, the battery is disconnected from the 
RAM and Storage Life becomes the determining 
factor in battery longevity. 

With Vee off, the MK48Z30/30Y initiates back-up 
mode by switching power from the Vee input to the 
internal battery. In the back-up mode, leakage 
current drawn by the RAM represents the only load 
on the battery. The load condition consumes the 
cell's capacity and is therefore referred to as Ca­
p~city Consumption. Capacity Consumption is the 
pnmary battery end-of-life mechanism while the 
MK48Z30/30Y is in the battery back-up mode. 

Battery life is defined as beginning on the date of 
manufacture. Each MK48Z30/30Y is marked with 
a nine digit manufacturing date code in the form 
H99XXYYZZ, example: H99589231 is H - fabri­
cated in Carrollton, TX; 9 - assembled in Muar 
Mal!iysia; 9 - tested in Muar, Malaysia; 58 - lot 
des1gnator; 9231 - assembled in the year 1992, 
work week 31. 

Figure 8. Predicted Battery Storage Life Versus Temperature 
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Storage Life 

Figure 8 illustrates how temperature affects Stor­
age Life of the MK48Z30/30Y battery. 

Two End-of- Life curves related to Storage Life are 
presented in the Figure 8. They are labeled "Aver­
age" (11%), and "Average" (t5o%). These terms 
define the probability that a given number of 
failures will accumulate by a particular point in time. 
If, for example, a battery's expected life at 70'C is 
an issue, Figure 8 indicates that an MK48Z30/30Y 
has a 1% chance of having a battery failure 11 
years into its life and a 50% chance of failure at the 
20 year time. Conversely, given a sample of de-

MK48Z30, MK48Z30Y 

vices, 1% of them can be expected to experience 
a battery failure within 11 years and 50% of them 
within 20 years. 

Calculating Predicted Storage Life of 
the Battery 

As Figure 8 indicates, the predicted Storage Life of 
the MK48Z30/30Y battery is a function of tempera­
ture. As long as the ambient temperature is held 
reasonably constant, expected Storage Life can be 
read directly from Figure 8. If the MK48Z30/30Y 
spends an appreciable amount of time at a variety 
of temperatures, the following equation can be 
used to estimate Storage Life. 

Predicted Storage Life~ -------------------

((TA1/TT/SL1) + (TA21TT/SL2) + (TANffi/SLN)] 

Where TA1, TA2, TAN, =Time at Ambient Temperature 1, 2, etc .... 

TT =Total Time = TA1 + TA2 + ... +TAN 

SL 1, SL2, SLN = Storage Life at Temp.1 , Temp.2, etc ... (See Figure 8) 

Example Storage Life Calculation 

A terminal operates in an environment where the 
MK48Z30/30A is exposed to temperatures of 40'C 
or less for 4380 hrs/yr; temperatures greater than 
25'C but less 50'C for 3504 hrs/yr; and tempera-

tures greater 50'C but less than 70'C for the re­
maining 876 hrs/yr. 

Reading Predicted t1% Storage Life values from 
Figure 8: 

SL 1 = 175 yrs, SL2 = 70 yrs, Sl3 = 11 yrs. 

Total Time (TT) = 8760 hrs/yr 

TA1 = 4380 hrs/yr, TA2 = 3504 hrs/yr, TA3 = 876 hrs/yr. 

Predicted Storage Life ~ -------------------

[(4380/8760/175)+ (3504/8760/70) + (876/8760/11 )] 

~ 56.7 yrs. 

Predicting Capacity Consumption Life 

The MK48Z30/30Y battery cell has a minimum 
rated capacity of 39 mAh. The RAM, in battery­
backed mode, places a nominal load of 445nA at 
25 ·c. At this rate, the MK48Z30/30Y will consume 
the capacity of the battery cell in 87,600 hours or 
about 10 years. 

Figure 8 also shows how Capacity Consumption 
varies with temperature. Because the ambient 
temperature profile is dependent upon application 
controlled variables, only the user can estimate 
consumption rates in a given design. As long as 
ambient temperature is held reasonably constant, 

expected Capacity Consumption Life can be esti­
mated directly from the curve in Figure 8. At 30 ·c 
and 0% Vee Duty Cycle, the Capacity Consumption 
Life is 7 years. As Vee Duty Cycle increases, 
though, so does Capacity Consumption Life. At 30 ·c 
and 40% power on Duty Cycle, the Capacity Con­
sumption Life is 

7/(1-0.40) = 11.7 years. 

If the MK48Z30/30Y spends an appreciable 
amount of time at a variety of temperatures, the 
same equation used to estimate Storage Life can 
be used to estimate Capacity Consumption Life. 

11/13 

915 



MK48Z30, MK48Z30Y 

Example Consumption Life Calculation 
Using the same terminal example described ear­
lier, assume the terminal is turned off for 14 hours 
a day. During these 14 hours the MK48Z30/30Y is 
in the battery back-up mode and is exposed to 35'C 
for 5 hrs and 25'C for the remaining 9 hrs. The two 

points of interest on the Capacity Consumption 
curve of Figure 8 are at the 35'C and the 25'C 
temperatures. 

Reading the Capacity Consumption values from 
Figure 8: 

CL 1 = 5 yrs, CL2 = 1 0 yrs 

Total Time (TT) = 8760 hrs/yr 

TA1 = 1825 hrs/yr,TA2 = 3285 hrs/yr. 

Predicted Storage Life <': ------------------

[(1825/8760/5)+ (3285/8760/1 0)] 

;:o: 12.6 yrs. 

Estimating Back-up System Life 
Either Storage or Capacity Consumption can end 
the System Life of the MK48Z30/30Y. Since these 
mechanisms are independent, the lower of the two 
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estimated lifetimes defines the Battery Life. In the 
previous examples, the System Life of the 
MK48Z30/30Y would be at least 12.6 years. 



ORDERING INFORMATION 

Example: MK48Z30 B 

B PHDIP28 

70 

L 
~ 

70 70ns 

12 120ns 

MK48Z30, MK48Z30Y 

For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 

For further information or any aspect of this device, please contact our Sales Office nearest to you. 

13/13 

917 





MK48Z32 
MK48Z32Y 

CMOS 32K x 8 ZEROPOWER SRAM 

• INTEGRATED ULTRA LOW POWER SRAM, 
POWER-FAIL CONTROL CIRCUIT AND BAT­
TERY. 

• UNLIMITED WRITE-CYCLES. 

• READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME. 

• MINIMUM BATTERY BACK-UP OF 10 YEARS 
@70"C. 

• PIN AND FUNCTION COMPATIBLE WITH 
JEDEC STANDARD 32K x 8 SRAMS. 

• AUTOMATIC POWER-FAIL CHIP DESELECT I 
WRITE PROTECTION. 

• DUAL WRITE PROTECT VOLTAGE: 
- MK48Z32 - 4.50V ~ VPFD~ 4.75V 
- MK48Z32Y- 4.20V ~ VPFD ~ 4.50V 

DESCRIPTION 

The MK48Z32/32Y ZEROPOWER™ RAM com­
bines an 32K x 8 full CMOS SRAM and a long life 
lithium carbon mono-fluoride battery in a single 
plastic DIP package. The MK48Z32/32Y is a non­
volatile pin and function equivalent to any JEDEC 
standard 32K x 8 SRAM. It also easily fits into may 
EPROM and EEPROM sockets, providing the non­
volatility of PROMs without any requirement for 
special write timing, or limitations on the number of 
writes that can be performed. 

In addition, the MK48Z32/32Y has its own Power­
fail Detect Circuit. The circuit deselects the device 
whenever Vee is below tolerance, providing a high 
degree of data security in the midst of unpredict­
able system operations brought on by low Vee. 

February 1992 

PHDIP28 WITH BATTERY TOP HAT (B) 

Figure 1. Pin Connection 

A14 • 28 Vee 
A12 27 w 

A7 3 26 A13 
A6 4 25 AS 
AS 5 24 A9 
A4 6 23 A11 
A3 7 MK48Z32 22 G 
A2 8 MK48Z32Y 21 A10 
A1 20 E 

AO 10 19 007 
000 11 18 006 
001 12 17 OQS 
002 13 16 p 004 
GNO 14 15 p 003 

VA00607 

PIN NAMES 

AO-A14 Address Inputs 

E Chip Enable 

w Write Enable 

G Output Enable 

DQO-DQ7 Data Inputs/Outputs 

Vee, GND 5 Volts, Ground 
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MK48Z32, MK48Z32Y 

Figure 2. Block Diagram 

Vee 

,- - --------------------------· 

-:1 

LITHIUM 

T CELL 

POWER 

VOLTAGE SENSE 
AND POK 

SWITCHING 
CIRCUITRY 

I 
I 
I 
I 
I 
I 

32K X 8 I 
I 

RAM I 

CMOS I 
I 

CELL I 
I 

I 

AO-A14 

) DQ0-007 

E 
w 
G 

--------------------jt------~ 
VR000827 

TRUTH TABLE 

Vee E G w Mode DQ Power 

VIH X X Deselect HighZ Standby 
<Vee (max) 

V1L X VIL Write DIN Active 

> Vcc(min) V1L V1L V1H Read DouT Active 

V1L V1H V1H Read HighZ Active 

<Vpm (min) X X X Deselect HighZ CMOS 
>Vso Standby 

<;,Vso X X X Deselect HighZ Battery 
Back-up 
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MK48Z32, MK48Z32Y 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Po Total Power Dissipation 1.0 w 
lour Output Current per Pin 50 mA 

v, Voltage on any Pin Relative to Ground -0.3 to +7.0 v 

TsrG Ambient Storage (Vee Off) Temperature -40 to 70 ·c 

TA Ambient Operating Temperature 0 to 70 ·c 
Note: Stresses greater than those l1sted under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operat1on of the device at these or any other conditions above those indicated m the operational sect1on of this 
spec1ficat1on is not implied Exposure to the absolute maximum ratings conditions for extended periods of t1me may affect rehabihty. 

CAUTION: Negatwe undershoots below -0.3 volts are not allowed on any pin while m the Battery Back-up mode. 

RECOMMENDED DC OPERATING CONDITIONS 

Symbol Parameter Min. Max. Unit Notes 

Vee Supply Voltage (MK48Z32) 4.75 5.5 v 1 

Vee Supply Voltage (MK48Z32Y) 4.5 5.5 v 1 

GND Ground 0 0 v 1 

v,H Logic "1" Voltage All Inputs 2.2 Vee+ 0.3V v 1 

VJL Logic "0" Voltage All Inputs -0.3 0.8 v 1, 2 

DC ELECTRICAL CHARACTERISTICS 
(0°C :s; TA :s; +70°C; Vee min :s; Vee :s; Vee max) 

Symbol Parameter Min. Max. Unit Notes 

lcc1 Average Vee Power Supply Current (70ns) 85 mA 3 

lcc1 Average Vee Power Supply Current (120ns) 70 mA 3 

lcc2 TTL Standby Current (E = VJH) 3 mA 

lcc3 
CMOS Standby Current (Vee max~ E~ 

2 mA 
Vcc-0.3V) 

lJL Input Leakage Current (Any Input) -1 +1 J.lA 4 

loL Output Leakage Current -2 +2 11A 4 

VoH Output Logic ''1" Voltage (lour= -4.0mA) 2.4 v 1 

VoL Output Logic "0" Voltage (lour= +B.OmA} 0.4 v 1 

Notes: 

1. All voltages referenced to GND. 
2. Negat1ve sp1kes of -1.0 volt allowed for up to 10 ns once per Cycle. 

3 lee1 measured With outputs open. 
4 Measured with Vee~ v, ~ GND and outputs deselected 
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AC TEST CONDITIONS 

Input Levels 

Transition Ttmes 

Input and Output Timing 
Reference Levels 

OUTPUT LOAD DIAGRAMS 

D.U.T 

240 
ohms 

• Includes Scope and Test J1g 

CAPACITANCE 

(TA = 25°C) 

Symbol 

0.0Vto3.0V 

+5V 
--

1.5ns 

1.5V 

470 
ohms 

== 100pF* 

(A) 

Parameter 

Ct Capacitance On All Pins (except DQ) 

Coo Capacttance On DQ Pins 

Notes: 

D.U.T 

240 
ohms 

Max. 

10.0 

10.0 

Unit 

pF 

pF 

1. Effective capac1tance calculated from the equat1on C =I !!.V!N With !!.V = 3 volts and power supply at 5.0 V. 
2. Measured with outputs deselected. 
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+5V 
--

470 
ohms 

== 5pF * 

-~ 

(B) 
VRJJ0834 

Notes 

1 
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Figure 3. Power Up/Down Waveform 

Vee 
VPFD(mox) 

VPFD(m1n) 

vso 

INPUTS 

OUTPUTS 

-----~ ________________________________ v _________ _ 
______ !\ _____________________________ ~ ----------
------ !\ ___________________________ ,_ ----------

tF-H• •1 
---::::;:---+ !DR tRB 

tPD rf-tFB ·~lr-----
_/1 REC:JG>,~IZED DON'T CARE ~~I'---RE_co_c"_'"_o_ 

(~PE~>]c~~·,u~~~~OC~IN;PU~T)~--------1 1--- HIGH Z ---------~k(~PE~R]c~~AU~~;OL~IN~PU~l) 

VA006C6 

NOTE : Inputs may not be recognized at thts time Cautton should be taken to keep E high as Vee nses past VeFo(min). Some systems may 
perform inadvertent write cycles after Vee nses above VPFo(mtn)but before normal system operattons begms. Even though a power on reset 
IS being applied to the processor a reset condition may not occur until after the system clock IS runmng. 

AC ELECTRICAL CHARACTERISTICS (Power Up/Down Timing) 
(0°C s TA s +70°C) 

Symbol Parameter Min. 

tpo E or W at V1H before Power Down 0 

IF VPFD (max) to VPFD (min) Vee Fall Time 300 

IFB VPFD (min) to Vso Vee Fall T1me 10 

IRs Vso to VPFD(min) Vee Rise T1me 1 

IR VPFD (min) to VPFD (max) Vee Rise T1me 0 

IREC E or W at V1H after Power Up 5 

DC ELECTRICAL CHARACTERISTICS (Power Up/Down Trip Points) 
(0°C < TA < +70°C) - -

Value 
Symbol Parameter 

Min. Typ. 

VPFD Power· fail Deselect Voltage (MK48Z32) 4.5 4.6 

VPFD Power-fail Deselect Voltage (MK48Z32Y) 4.2 4.3 

Vso Battery Back-up Swttchover Voltage 2.5 

loR Expected Data Retention Time 10 

Max. Units Notes 

ns 

J.IS 2 

J.IS 3 

J.IS 

J.IS 

ms 

Units Notes 
Max. 

4.75 v 1 

4.5 v 1 

v 1 

YEARS 

Notes : 1. All voltages referenced to GND. 
2. VeFD (max) to VeFo (mm) fall ttme of less than IF may result tn deselectton/wnte protect on not occurring unttl200 J!S after 

Vee passesVPFD (mtn). 
3 VPFD (mtn) to Vso fall bme of less than IFB may cause corruption of RAM data 
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READ MODE 

The MK48Z32/32Y is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 
The device architecture allows ripple-through ac­
cess of data from eight of 262,144 locations in the 
static storage array. Thus, the unique address spe­
cified by the 15 Address Inputs defines which one 
of the 32,768 bytes of data is to be accessed. Valid 
data will be available at the Data 1/0 pins within 
tAvov after the last address input signal is stable, 
providing that the Chip Enable and Output Enable 
access times are satisfied. If Chip Enable or Output 
Enable access times are not met, valid data will be 

AC ELECTRICAL CHARACTERISTICS (Read Cycle) 
(0°C ~ TA ~ +70°C; Vee min~ Vee~ Vee max) 

available at the Chip Enable Access Time (tELov) 
or at Output Enable Access Time (tGLov). 

The state of the eight three-state Data 1/0 signals 
is controlled by Chip Enable and Output Enable. If 
the Outputs are activated before tAvov, the data 
lines will be driven to an indeterminate state until 
tAvov. If the Address Inputs are changed while Chip 
Enable and Output Enable remain low, output data 
will remain valid for Output Data Hold Time (tAxox) 
but will go indeterminate until the next Address 
Access. 

MK48Z32/32Y-70 MK48Z32/32Y-12 
Symbol Parameter 

tAVAV Read Cycle Time 

tAVQV Address Access Ttme 

tELQV Chtp Enable Access Time 

tGLQV Output Enable Access Time 

tELQX Chip Enable to 0 Low-Z 

tGLQX Output Enable to 0 Low-Z 

tEHQZ Chip Disable (E) High to 0 High-Z 

tGHQZ Output Disable (G) High to 0 High-Z 

tAXQX Output Hold From Address Change 

Notes: 
1 Measured With load as shown 10 F1gure A page 4. 

2. Measured w1th load as shown 1n F1gure B page 4. 
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Min. 

70 

10 

5 

0 

0 

10 

Unit Notes 
Max. Min. Max. 

120 ns 

70 120 ns 1 

70 120 ns 1 

35 60 ns 1 

10 ns 2 

5 ns 2 

25 0 35 ns 2 

25 0 35 ns 2 

10 ns 1 
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Figure 4. Read Timing n· 1 (Address Access) 

~-------------tAVAV--------------~ 

AO-A14 

tAVQV 

DQO-DQ7 DATA VALID 

VR000828 

Note: E = G = Low, W = H1gh 

Figure 5. Read Timing n· 2 

tAVAV 

AO-A14 ~ 
___/ 

-tAVOV~ tAXQX 

'I tEHQZ f-- tELOV-

tELQX 

tGLQV itGHQZ 1--
\GLQX-r--~ 

DQD-DQ7 ~ DATA VALID P>}' 

NOTE: W=HIGH 
VR000829 
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MK48Z32, MK48Z32Y 

WRITE MODE 

The MK48Z32/32Y is in the Write Mode whenever 
Write Enable and Chip Enable are active. The start 
of a write is referenced to the latter occurring falling 
edge of Write Enable or Chip Enable. A write is 
terminated by the earlier rising edge of Write En­
able or Chip Enable. The addresses must be held 
valid throughout the cycle. Chip Enable or Write 
Enable must return high or for minimum of 
twHAX prior to the initiation of another read or write 

AC ELECTRICAL CHARACTERISTICS (Write Cycle) 

(0°C ~ TA ~ +70°C; Vee min~ Vee~ Vee max) 

cycle. Data-in must be valid tovwH prior to the end 
of write and remain valid for twHDX afterward. 

Because Output Enable is a Don't Care in the Write 
Mode and a low on Write Enable will return the 
outputs to High-Z, Output Enable can be tied low 
and two-wire RAM control can be implemented. A 
low on Write Enable will disable the outputs twLOz 
after Write Enable falls. Take care to avoid bus 
contention when operating with two-wire control. 

MK48Z32/32Y-70 MK48Z32/32Y·12 
Symbol Parameter Unit Notes 

Min. Max. Min. Max. 

tAVAV Write Cycle Time 70 120 ns 

tAvWL Address Set-Up Time to W Low 0 0 ns 

tAVEL Address Set-Up Time to E Low 0 0 ns 

tAvwH Address Valid to W High 60 85 ns 

twLWH Write Pulse Width 50 65 ns 

twHAX Address Hold after End of Write 0 0 ns 

tELEH Chip Enable Active to End of Write 55 85 ns 

tEHAX Address Hold Time from Chip Enable 0 0 ns 

tovwH Data Valid to End of Write 30 40 ns 

twHDX Data Hold Time 0 0 ns 

twHOX W High to Q Active 5 5 ns 1 

IWLQZ W Low to Q High·Z 0 25 0 35 ns 1 

Notes: 

1. Measured with load as shown in Figure 8 page 4. 
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Figure 6. Write Control Write Cycle Timing 

1---------tAVAV----------1 

AO-A14 

1-------tAVWH -------1 
--t------t- tA VEL --t-----1--- tWHAX 

-1----i--lEHAX 

tAVQV 

DQD-007 

VR000830 

Figure 7. Chip Enable Control Write Cycle Timing 

tAVAV 

AO-A14 ~ 
~ 

tAVWH 
tAVEL 

tELEH 

\ 
tEHAX 

tWLWH 

ljj 

1---tWLQZ-

tGLQX 

Yl/1//l/1 '1\ 
f--tGHQZ-

t=DVWH 
tWHDX~ 

~ ----K DATA VALID r--rr= DQD-007 

VR000831 
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DATA RETENTION MODE 

With Vee applied, the MK48Z32/32Y operates as a 
conventional BYTEWIDE™ static RAM. Should the 
supply voltage decay, the RAM will automatically 
power-fail deselect , write protecting itself when Vee 
falls within the VPFD (max), VPFD (min) window. 

A mid-cycle power fail may corrupt data at the cur­
rently addressed location, but does not jeopar-dize 
the rest of the RAM's content. At voltages below VPFD 
(min), the user can be assured the memory will be in 
a write protected state, providing the Vee fall time is 
not less than tF. 

The power switching circuit connects extemal Vee to 
the RAM and disconnects the battery when Vee rises 
above Vso. Normal RAM operation can resume tREe 
after Vee exce~ds YEFo (max). Caution should be 
taken to keep E or W high as Vee rises past VPFD 
(min) as some systems may perform inadvertent 
write cycles after Vee rises but before normal system 
operation begins. 

BACK-UP SYSTEM LIFE 

The useful life of the battery in the 
MK48Z32/32Y is expected to ultimately come 
to an end for one of two reasons: either be­
cause the effects of aging render the cell use­
less before it can actually be discharged; or 
because it has been discharged while provid-

ing currentto an external load. 

These two effects are virtually unrelated, allowing 
discharge, or Capacity Consumption, and the ef­
fects of aging, or Storage Life, to be treated as two 
independent but simultaneous battery end-of-life 
mechanisms. 

With Vee on, the battery is disconnected from 
the RAM and Storage Life becomes the deter­
mining factor in battery longevity. 

With Vee off, the MK48Z32/32Y initiates back­
up mode by switching power from the Vee input 
to the internal battery. In the back-up mode, 
leakage current drawn by the RAM represents 
the only load on the battery. The load condition 
consumes the cell's capacity and is therefore 
referred to as Capacity Consumption. Capac­
ity Consumption is the primary battery end-of­
life mechanism while the MK48Z32/32Y is in 
the battery back-up mode. 

Battery life is defined as beginning on the date 
of manufacture. Each MK48Z32/32Y is marked 
with a nine digit manufacturing date code in the 
form H99XXYYZZ, example: H995B9231 is 
H - fabricated in Carrollton, TX; 9 - assem­
bled in Muar, Malaysia; 9 -tested in Muar, 
Malaysia; 58- lot designator; 9231 - assem­
bled in the year 1992, work week 31. 

Figure 8. Predicted Battery Storage Life Versus Temperature 
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Storage Life 
Figure 8 illustrates how temperature affects Stor­
age Life of the MK48Z32/32V battery. 

Two End-of- Life curves related to Storage Life are 
presented in the Figure 8. They are labeled "Aver­
age" (t1%), and "Average" (tsoo/o). These terms 
define the probability that a given number of 
failures will accumulate by a particular point in time. 
If, for example, a battery's expected life at 70'C is 
an issue, Figure 8 indicates that an MK48Z32/32Y 
has a 1% chance of having a battery failure 11 
years into its life and a 50% chance of failure at the 
20 year time. Conversely, given a sample of de­
vices, 1 % of them can be expected to experience 
a battery failure within 11 years and 50% of them 
within 20 years. 

MK48Z32, MK48Z32Y 

Capacity Consumption Life 
Figure 8 also shows how Capacity Consumption 
varies with temperature. 

The MK48Z32/32V battery cell has a minimum 
rated capacity of 39 mAh. The RAM, in battery­
backed mode, places a nominal load of 445nA at 
70 ·c. At this rate, the MK48Z32/32Y will consume 
the capacity of the battery cell in 87,600 hours or 
about 1 0 years. 

As long as ambient temperature is held reasonably 
constant, expected Capacity Consumption Life can 
be estimated directly from the curve in Figure 8. As 
Vee Duty Cycle increases, though, so does Capac­
ity Consumption Life. At 70 ·c and 20% power on 
Duty Cycle, the Capacity Consumption Life is: 

1 0/(1-0.20) = 12.5 years. 

Estimating Back-up System Life 
Either Storage or Capacity Consumption can end 
the System Life of the MK48Z32/32V. Since these 
mechanisms are independent, the lower of the two 
estimated lifetimes defines the Battery Life. At 
70°C the System Life of the MK48Z32/32Y would 
be at least 1 0 years. 
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ORDERING INFORMATION 

Example: MK48Z32 8 70 

JL 
c£~ 

8 PHDIP28 70 70ns 

12 120ns 

For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 

For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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M48Z128 
M48Z128V 

CMOS 128K x 8 ZEROPOWER SRAM 

• INTEGRATED LOW POWER SRAM, POWER­
FAIL CONTROL CIRCUIT AND BATIERY 

• CONVENTIONAL SRAM OPERATION; UN­
LIMITED WRITE CYCLES 

• 10 YEAR MINIMUM DATA RETENTION IN THE 
ABSENCE OF POWER 

• COMPATIBLE WITH INDUSTRY STANDARD 
128K X 8 SRAMS 

• AUTOMATIC POWER-FAIL CHIP DESELECT 
AND WRITE PROTECTION 

• DUAL WRITE PROTECT VOLTAGES: 
- M48Z128 4.55V :5 VPFD :5 4. 75V 
- M48Z128Y 4.30V :5 VPFD :5 4.50V 

• BATTERY INTERNALLY ISOLATED UNTIL 
POWER IS APPLIED 

DESCRIPTION 

The M48Z128/128Y 128K x 8 ZEROPOWER™ 
RAM is a non-volatile 1 ,048,576 bit SRAM organ­
ized as 131,072 words by 8 bits. The device com­
bines an internal lithium battery and a full CMOS 
SRAM in a plastic 32 pin DIP. The ZEROPOWER 
RAM directly replaces industry standard SRAMs. 
It also fits into many EPROM and EEPROM sock­
ets, providing the nonvolatility of PROMs without 
any requirement for special write timing or limita­
tions on the number of writes that can be per­
formed. 

The M48Z128/128Y has its own Power-fail Detect 
Circuit. The control circuitry constantly monitors 
the single 5V supply for an out of tolerance condi­
tion. When Vee is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system oper­
ations brought on by low Vee. As Vee falls below 
approximately 3V, the control circuitry connects the 
battery which sustains data until valid power re-
Wrn& · 

January 1992 

PRELIMINARY DATA 

PMDIP32 Module 

Figure 1. Pin Connections 

NC 

,,, 
'" A12 

A7 

Ao 
oa0 

oa, 
oa2 

GND 

PIN NAMES 

AO-A16 Address Input 

E: Chip Enable 

GND Ground 

Vee 

w 

G 

DQO-DQ? 

Vee 
A15 

Ne 

w 

As 

Ag 

A11 

A,o 
E 
oo, 
D06 

DOs 

oa, 
oa3 

+5 Volts 

Write Enable 

Output Enable 

Data lrVData Out 
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Figure 2. Block Diagram 

I 

POWER I 
VOLTAGE SENSE K ~O-A16 

AND 
131,072 X 8 

" SWITCHING K .~QO-DQ7 - SRAMARRAY 
CIRCUITRY E CON 

I 

I 
. _j_ INTERNAL -

w 

I 
BATTERY 

I G" 

----- - --------·- -·-·-· - -- -- -- I 

--
Vee 

TRUTH TABLE 

Vee E G w MODE DO POWER 

< Vcc(Max) V1H X X Deselect HighZ Standby 

V1L X VIL Write DIN Active 

> Vcc(Min) V1L V1L V1H Read Dour Active 

VIL V1H V1H Read HighZ Active 

< VpFO(Min) X X X Deselect HighZ CMOS 

Standby 

> Vso 

$Vso X X X Deselect HighZ Battery 

Back-up 

Mode 
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ABSOLUTE MAXIMUM RATINGS • 

Symbol Parameter Value Unit 

Voo Voltage on Vee Pin Relative to GND -0.3 to 7.0 v 

VT 
Voltage on any Pin excluding Vee 

-0.3 to 7.0 v Relative to GND (VT s; Vcc+0.3) 

TA Ambient Operating Temperature 0 to+ 70 ·c 

TsTG Ambient Storage Temperature -40 to +70 ·c 

TsrAs Temperature Under Bias -10 to +70 ·c 

TsLo Soldering Temperature for 10 Seconds 260 ·c 
.. 

Stresses greater than those l1sted under "Absolute Max1mum Rat1ngs" may cause permanent damage to the dev1ce. Th1s IS a stress rat1ng 
only and functional operation of the device at these or any other conditions above those ind1cated in the operational section of this specification 
IS not implied. Exposure to the absolute maximum ratings cond1t1ons for extended periods of t1me may affect reliability. 

CAUTION: Negative undershoots below -0.3 volts are not allowed on any pm while in the Battery Back-up mode. 

RECOMMENDED DC OPERATING CONDITIONS 

Symbol Parameter 

Vee Supply Voltage ( M48Z128) 

Vee Supply Voltage ( M48Z128Y) 

GND Supply Voltage 

V1H Logic "1" Voltage All Inputs 

VrL Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(O'C:s; TA ::;;+ 70'C; Vee min::;; Vee::;; Vee max) 

Symbol Parameter 

-
lcc1 Average Vee Power Supply Current ( E= VrL) 

lcc2 TIL Standby Current ( E= VrH) 

lcc3 CMOS Standby Current ( E 2: Vee -0.2V) 

lrL Input Leakage Current (Any Input) 

loL Output Leakage Current 

VoH Output Logic "1" Voltage ( louT =-1.0 mA) 

VoL Output Logic "0" Voltage (louT= +2.1 mA) 

Notes: 1. All voltages referenced to GND. 
2. lcc1 measured w1th outputs open. 
3 Measured with OV5. V1 5. 0 2V or V1;, Vee- 0.2V 
4. Measured with Vee~ V1 ~ GND and outputs deselected 
5. Typical values indicate operation at TA=25'e and Vce=5V. 

Min Max Unit 

4.75 5.5 v 
4.5 5.5 v 

0 0 v 

2.2 Vee+ 0.3v v 
-0.3 0.8 v 

Min Typ Max 

75 105 

4 7 

2.5 4 

-1 +1 

-1 +1 

2.4 

0.4 

Note 

1 

1 

1 

1 

1 

Unit Note 

mA 2,5 

mA 5 

mA 3,5 

[.!A 4 

[.!A 4 

v 1 

v 1 
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AC TEST CONDITION 

Input Levels 

Transition Times 

Input and Output Reference 
Levels 

OUTPUT LOAD DIAGRAMS 

OUT. 

1K 
ohms 

+5V 

O.OV to 3.0V 

1 9K 
ohms 

5ns 

1.5V 

(A) 
• Includes Scope and Test J1g. 

CAPACITANCE (TA = 25"C, 1=1 MHz) 

Symbol Parameter Max 

c, Capacitance on All Pins (except DO) 10.0 

Coo Capacitance an DO Pins 10.0 

Notes: 1. Effect1ve capacitance measured w1th power supply at 5 0 V. 
2. These parameters are sampled and not 100% tested 
3. Measured with outputs deselected. 
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+5V 

OUT 

1 9K 
ohms 

1K ~ -= 5 F 
ohms L-, p 

!::: 

(B) 

Unit 

pF 

pF 

Note 

1,2 

1,2,3 



Figure 3. Power Down/Up Timing 

v 
cc 

E 

-IF 
------""' 

475 -

v 
PFD 

425 -

vso __ _ 

DON'T CARE 

~---7 1-------~ 

ALL OUTPUTS VALID 
(PER CONTROL INPUTS) 

AC ELECTRICAL CHARACTERISTICS (Power down/up Timing) 
(O'C ~ TA ~ +70'C) 

Symbol Parameter Min Typ 

IF 4.75 to 4.25V Vee Fall Time 300 

IFB 4.25 to Vso Vee Fall Time 10 

twp Write Protect Time from Vcc=VPFD 40 100 

IR Vsoto VrFD (Max) Vee Rise Time 0 

IER E Recovery Time 40 80 

DC ELECTRICAL CHARACTERISTICS (Power down/up Trip Points) 
(O'C ~ TA ~ +70'C) 

Symbol Parameter Min Typ 

VPFD Power- Fail Deselect Voltage (M48Z1 28) 4.55 4.62 

VrFD Power- Fail Deselect Voltage (M48Z1 28Y) 4.30 4.37 

Vso Battery Back-Up Switchover Voltage 3 

loR Data Retention Time in Absence of Vee 10 

Notes: 1. Typical values indicate operation at TA=25C and Vcc=SV. 
2. All voltages referenced to GND. 

Max 

150 

120 

Max 

4.75 

4.50 

M48Z128, M48Z128Y 

VALID 
(PER CONTROL INPUTS) 

Unit Note 

JlS 

J.!S 

J.!S 1 

JlS 

ms 1 

Unit Note 

v 1,2 

v 1,2 

v 1,2 

YEARS 3 

3. loR 1s the accumulated t1me m absence of power from the time Vee IS first applied. loR IS spec1f1ed@ 25'C. 
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DATA RETENTION MODE 

With valid Vee applied, the M48Z128/128Y oper­
ates as a conventional BYTEWIDE™ static RAM. 
Should the supply voltage decay, the RAM will 
automatically power-fail deselect, write protecting 
itself twP after Vee falls below VPFD. All outputs 
become high impedance, and all inputs are treated 
as "don't care." 

If power fail detection occurs during a valid access, 
the memory cycle continues to completion. If the 
memory cycle fails to terminate within the time twP, 

READ MODE 

The M48Z128/128Y is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 
The device architecture allows ripple-through ac­
cess of data from eight of 1 ,048,576 locations in 
the static storage array. Thus, the unique address 
specified by the 17 Address Inputs defines which 
one of the 131 ,072 bytes of data is to be accessed. 
Valid data will be available at the Data 1/0 pins 
within tAvov (Address Access T1me) after the Ia~ 
addrg_ss input signal is stable, providing that the E 
and G (Output Enable) access times are also sat-

write protection takes place. When Vee drops 
below Vso, the control circuit switches power to the 
internal energy source which preserves data. The 
internal coin cell will maintain data in the 
M48Z128/128Y after the initial application of Vee 
for an accumulated period of at least 1 0 years when 
Vee is less than Vso. As system power returns and 
Vee rises above Vso. the battery is disconnected, 
and the power supply is switched to external Vee. 
Write protection continues fortER after Vee reaches 
VPFD to allow for processor stabilization. After tER, 
normal RAM operation can resume. 

isfied. If theE and G access times are not met, valid 
data will be available after the later of Chip Enable 
Access Time (tELov) or Output Enable Access Time 
(tGLQV). 

The state of th~eighUhree-state Data 1/0 signals 
is controlled byE and G. If the outputs are activated 
before tAvov, the data lines will be driven to an 
indeterminate state until tAvov. If the Address In­
puts are changed while E and G remain low, output 
data will remain valid for tAxox (Output Data Hold 
Time) but will go indeterminate until the next Ad­
dress Access. 

AC ELECTRICAL CHARACTERISTICS (Read Cycle) 
(O'C ~ TA ~ + 70'C; Vee min ~ Vee~ Vee max) 

Symbol Parameter 

tAVAV Read Cycle Time 

IAVOV Address Access Time 

teLOV Chip Enable Access T1me 

tGLQV Output Enable Access Time 

tEL OX Chip Enable to a Low-Z 

tGLOX Output Enable to a Low-Z 

teHOZ Chip Enable High to a High-Z 

tGHOZ Output Enable High to High-Z 

tAX aX Output Hold From Address Change 

Notes: 1. Measured wtth load as shown in F1gure A page 4. 
2 Measured with load as shown in Figure 8 page 4 
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48Z128/128Y-85 

Min Max 

85 

85 

85 

45 

5 

0 

0 35 

0 25 

10 

48Z128/128Y-120 
Unit Note 

Min Max 

120 ns 

120 ns 1 

120 ns 1 

60 ns 1 

5 ns 2 

0 ns 2 

0 45 ns 2 

0 35 ns 2 

10 ns 1 



M48Z128,M48Z128V 

Figure 4. Read Timing n° 1 (Address Access) 

DATA VALID 

Note: E = G = Low, W = H1gh 

Figure 5. Read Timing n° 2 

~ 
IAVAV 

* 
Ao-

A16 

~ IAVQV ~ 'AXQX I 
"E 

I 
I EHQZ 

I ELQX I 
G r-- IGHQZ 

I 

DQO- DATA VALID 
DQ7 

Note: W = High 
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M48Z128, M48Z128Y 

WRITE MODE 

The M48Z128/128Y is in the Write Mode whenever 
W and E are active. The start of a write is refer­
g_nced from the latter occurring falling edge of W or 
E. A writELis terminated by the earlier rising edge 
of W or E. The addresses must be held valid 
th~o~ghout the cycle. E 2! W must return .blgh for 
m1n1mum of tEHAX from E or twHAX from W prior 

to the initiation of another read or write cycle. 
Data-in must be valid tovwH prior to the end of write 
and remain valid for twHox or tEHDX afterward. G 
should be kept high during write cycles to avoid bus 
contention; although, if_Jhe ou_!put bus has been 
activated by a low on E and G, a low on W will 
disable the outputs twLoz after W falls. 

AC ELECTRICAL CHARACTERISTICS (Write Cycle) 
(O"C ~ T A~+ 70"C; Vee min ~ Vee~ Vee max) 

48Z128/128Y-85 48Z128/128Y -120 
Symbol Parameter Unit Note 

Min Max Min Max 

tAVAV Write Cycle Time 85 120 ns 

tAVWL Address Set-up Time to W Low 0 0 ns 

tAVEL Address Set-up Time to E Low 0 0 ns 

tAVWH Address Valid to End of Write 75 100 ns 

twLWH Write Pulse Width 65 85 ns 

twHAX Address Hold after End of Write 5 5 ns 

tEHAX Address Hold Time from Chip Enable 15 15 ns 

tELEH Chip Enable Active to End of Write 75 100 ns 

tovwH Data Valid to End of Write 35 45 ns 

twHDX Data Hold Time from Write Enable 0 0 ns 

tEHDX Data Hold Time from Chip Enable 10 10 ns 

twHOX W High to Q Active 0 0 ns 1,2 

twLOZ W Low to Q High-Z 0 30 0 40 ns 1,2 

Notes: 1. Measured w1th load as shown 1n FJgure B page 4 _ 
2. II E goes low simullaneously w1th W go1ng low or after W going low, the outputs remam 1n the high-Impedance state. 
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M48Z128,M48Z128Y 

Figure 6. Write Control Write Cycle Timing 

3."" 
IAVAV 

~ .. ,, Ao· 

A16 

IAVWH t ELEH 
"E 

~.,., ~ IWLWH 

w ~ IAVQV IWLQZ I I G 

iL'G"Q' 
~\~\\\\\ t DVWH -+t WHDX 

IWHQX 
DQO-

DATA IN VALID 
DQ7 

Figure 7. Chip Enable Control Write Cycle Timing 

~:; -=f~IAVEL ~IAV~W, '"_AV -,1 ~t'-------
1 ELEH 

twLWH 

t EHAX --1 
w 

G 

IIGLQX 

IDVWH t EHDX 

DATA IN VALID 
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M48Z128,M48Z128Y 

ORDERING INFORMATION 

Example: M48Z128 -85 PM 

Speed 

-85 85 ns PM PMDIP32 

-120 120 ns 

For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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M46Z128 
M46Z128V 

CMOS 128K x 16 ZEROPOWER SRAM 

• INTEGRATED LOW POWER SRAM, POWER­
FAIL CONTROL CIRCUIT AND BATTERY 

• CONVENTIONAL SRAM OPERATION; UN­
LIMITED WRITE CYCLES 

• 10 YEAR MINIMUM DATA RETENTION IN THE 
ABSENCE OF POWER 

• COMPATIBLE WITH INDUSTRY STANDARD 
128Kx 16 SRAMS 

• AUTOMATIC POWER-FAIL CHIP DESELECT 
AND WRITE PROTECTION 

• DUAL WRITE PROTECT VOLTAGES: 
- M46Z128 4.55V :5 VPFD :5 4.75V 
- M46Z128Y 4.30V :5 VPFD :5 4.50V 

• BATTERY INTERNALLY ISOLATED UNTIL 
POWER IS APPLIED. 

DESCRIPTION 

The M46Z128/128Y 128K x 16 ZEROPOWER™ 
RAM is a non-volatile 2,097,152 bit SRAM organ­
ized as 131 ,072 words by 16 bits. The device 
combines internal lithium batteries and full CMOS 
SRAMs in a plastic 40 pin DIP. The ZERO POWER 
RAM directly replaces industry standard SRAMs. 
It also fits into many EPROM and EEPROM sock­
ets, providing the nonvolatility of PROMs without 
any requirement for special write timing or limita­
tions on the number of writes that can be per­
formed. 

The M46Z128/128Y has its own Power-fail Detect 
Circuit. The control circuitry constantly monitors 
the single 5V supply for an out of tolerance condi­
tion. When Vee is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system oper­
ations brought on by low Vee. As Vee falls below 
approximately 3V, the control circuitry connects the 
batteries which sustain data until valid power re­
turns. 

January 1992 

PRELIMINARY DATA 

PMDIP40 Module 

Figure 1. Pin Connections 

NC 40 b Vee 
e 39 uw 

oa,s 38 C At6 
oa14 

M 
37 b A15 

oa13 36 C! At4 
0012 4 

35 0 A13 
oo, 6 

34 0 A12 
oa,o 8 

z 
33 b A11 

oa9 
32 ~ A10 oa, 31 A9 

GND 30 GND 
oa7 I 

29 b •• 
oa6 1 28 b., 
oa5 2 

v ~As oa, 8 

: ~ :: oa3 y 
oa2 24 Aa 
oa, 23 A2 
D00 A1 

iJ Ao 

PIN NAMES 

AO-A16 Address Input Vee +5 Volts 

E: 
w Write Enable 

Chip Enable -
G Output Enable 

GND Ground DQO-DQ15 Dala lrvDala OJ! 
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M46Z128,M46Z128Y 

Figure 2. Block Diagram 

r·------------------------------------, 

I 

POWER I 
VOLTAGE SENSE / JAD-A16 

AND 
2 X 131,072 X 8 " SWITCHING '-._ : !JOO·DQ15 - SRAMARRAY 

CIRCUITRY E CON 

I 
. __l_ INTERNAL i -w 

I 
BATTERIES 

I a 

1- ---- ~--------·--------- - --- ---I L __ _ 
-

Vee 

TRUTH TABLE 

Vee E G w MODE DQ POWER 

<Vcc(Max) VJH X X Deselect HighZ Standby 

VJL X V1L Write DiN Active 

> Vcc(Min) VJL VJL VJH Read DouT Active 

VJL VJH VJH Read HighZ Active 

< VPFD(Min) X X X Deselect HighZ CMOS 

Standby 

>Vso 
~Vso X X X Deselect HighZ Battery 

Back-up 

Mode 
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M46Z128, M46Z128Y 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Voo Vollage on Vee Pin Relative to GND -0.3 to 7.0 v 

VT 
Voltage on any Pin excluding Vee 

-0.3 to 7.0 v Relative to GND (VT ~ Vcc+0.3) 

TA Ambient Operating Temperature 0 to+ 70 ·c 

TsTG Ambient Storage Temperature -40 to +70 ·c 

TsrAs Temperature Under Bias -10 to +70 ·c 

TsLD Soldering Temperature for 10 Seconds 260 ·c 

Stresses greater than those listed under "Absolute Max1mum Ratrngs" may cause permanent damage to the dev1ce. ThiS IS a stress rat1ng 
only and functronal operatron of the devrce at these or any othercondrtrons above those rndrcated rn the operatronal sect ron of this specrfrcatron 
is not implied. Exposure to the absolute max1mum ratings conditions for extended periods of t1me may affect rel1ability 

CAUTION: Negative undershoots below -0.3 volts are not allowed on any pm while m the Battery Back-up mode. 

RECOMMENDED DC OPERATING CONDITIONS 

Symbol Parameter 

Vee Supply Voltage ( M46Z128) 

Vee Supply Voltage ( M46Z128Y) 

GND Supply Voltage 

VrH Logrc "1" Voltage All Inputs 

VrL Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(O'C~ TA ~+70'C; Vee min~ Vee~ Vee max) 

Symbol Parameter 

lcct Average Vee Power Supply Current ( E= VrL) 

lcc2 TIL Standby Current ( E= VrH) 

lcc3 CMOS Standby Current ( E ~Vee -0.2V) 

irL Input Leakage Current (Any Input) 

loL Output Leakage Current 

VoH Output Logic "1" Voltage ( louT =-1.0 rnA) 

VoL Output Logic "0" Voltage (louT= +2.1 rnA) 

Notes: 1. All voltages referenced to GND 
2. lcc1 measured with outputs open 
3 Measured with OV,; V1,; 0.2V or V1;, Vee- 0.2V. 
4 Measured wrth Vee;, V1;, GND and outputs deselected 
5. Typ1cal values rnd1cate operatron at TA=25'C and Vcc=5V. 

Min Max Unit 

4.75 5.5 v 
4.5 5.5 v 
0 0 v 

2.2 Vee+ 0.3v v 
-0.3 0.8 v 

Min Typ Max 

95 200 

5 11 

2.5 5 

-2 +2 

-1 . +1 

2.4 

0.4 

Note 

1 

1 

1 

1 

1 

Unit Note 

rnA 2,5 

rnA 5 

rnA 3,5 

~A 4 

~A 4 

v 1 

v 1 
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M46Z128, M46Z128Y 

AC TEST CONDITION 

Input Levels 

Transition Times 

Input and Output Reference 
Levels 

OUTPUT LOAD DIAGRAMS 

+SV 

OUT 

19K 
ohms 

O.OV to 3.0V 

5ns 

1.5V 

1K ~ ! 100 pF 
ohms y 

(A) 
• Includes Scope and Test Jig. 

CAPACITANCE (TA = 25"C, F=1MHz) 

Symbol Parameter Max 

c, Capacitance on All Pins (except DQ) 20.0 

Coo Capacitance on DQ Pins 10.0 

Notes: 1. Effect1ve capac11ance measured w1th power supply at 5.0 V. 
2. These parameters are sampled and not 100% tested. 
3. Measured with outputs deselected. 
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+5V 

O.U.T 

19K 
ohms 

1K ~ J s pF 
ohms 4 

(B) 

Unit 

pF 

pF 

Note 

1,2 

1,2,3 



Figure 3. Power Down/Up Timing 

v cc 

E 

475 -

v 
PFD 

425 -

vso--

M46Z128,M46Z128Y 

/ }--- HIGH Z --------{' VALID 
(PER CONTROL INPUTS) 

ALL OUTPUTS VALID 
(PER CONTROL INPUTS} /I ---

AC ELECTRICAL CHARACTERISTICS (Power down/up Timing) 
(O'C ~ TA ~ +70'C) 

Symbol Parameter Min Typ 

IF 4.75 to 4.25V Vee Fall T1me 300 

tFB 4.25 to Vso Vee Fall T1me 10 

twp Wnte Protect Time from Vcc=VPFD 40 100 

tR Vso to Vrm (Max) Vee Rise Time 0 

tER E Recovery T1me 40 80 

DC ELECTRICAL CHARACTERISTICS (Power down/up Trip Points) 
(O'C ~ TA ~ +70'C) 

Symbol Parameter Min Typ 

VrFD Power- Fail Deselect Voltage (M46Z128) 4.55 4.62 

Vrm Power- Fa1l Deselect Voltage (M46Z128Y) 4.30 4.37 

Vso Battery Back-Up Switchover Voltage 3 

loR Data Retention Time in Absence of Vee 10 

Notes: 1. Typ1cal values md1cate operat1on at T N=25C and Vcc=5V. 

Max Unit 

JlS 

JlS 

150 >LS 

JlS 

120 ms 

Max Unit 

4.75 v 

4.50 v 

v 

YEARS 

2. All voltages referenced to GND. 
3. toR IS the accumulated t1me m absence of power from the t1me Vee is first applied. toR IS spec1f1ed@ 25°C 

Note 

1 

1 

Note 

1,2 

1,2 

1,2 

3 
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M46Z128, M46Z128Y 

DATA RETENTION MODE 

With valid Vee applied, the M46Z128/128Y oper­
ates as a conventional static RAM. Should the 
supply voltage decay, the RAM will automatically 
power-fail deselect, write protecting itself twp after 
Vee falls below VPFD. All outputs become high 
impedance, and all inputs are treated as "don't 
care." 

If power fail detection occurs during a valid access, 
the memory cycle continues to completion. If the 
memory cycle fails to terminate within the time twp, 

READ MODE 

The M46Z128/128Y is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 
The device architecture allows ripple-through ac­
cess of data from sixteen of 2,097,152 locations in 
the static storage array. Thus, the unique address 
specified by the 17 Address Inputs defines which 
one of the 131 ,072 words of data is to be accessed. 
Valid data will be available at the Data 1/0 pins 
within tAvov (Address Access Time) after the Ia§. 
addr~s input signal is stable, providing that the E 
and G (Output Enable) access times are also sat-

write protection takes place. When Vee drops 
below Vso, the control circuit switches power to the 
internal energy source which preserves data. The 
internal coin cells will maintain data in the 
M46Z128/128Y after the initial application of Vee 
for an accumulated period of at least 1 0 years when 
Vee is less than Vso. As system power returns and 
Vee rises above Vso, the batteries are discon­
nected, and the power supply is switched to exter­
nal Vee. Write protection continues for tER after 
Vee reaches VPFD to allow for processor stabiliza­
tion. AftertER, normal RAM operation can resume. 

isfied. If theE and G access times are not met, valid 
data will be available after the latter of Chip Enable 
Access Time (tELOV) or Output Enable Access Time 
(IGLov). 

The state of th~eighUhree-state Data 1/0 signals 
is controlled byE and G. If the outputs are activated 
before tAvov, the data lines will be driven to an 
indeterminate state until tAvov. If the Address In­
puts are changed while E and G remain low, output 
data will remain valid for !Axox (Output Data Hold 
Time) but will go indeterminate until the next Ad­
dress Access. 

AC ELECTRICAL CHARACTERISTICS (Read Cycle) 
(O"C :5 T A :5 + 70"C, Vee min :5 Vee :5 Vee max) 

Symbol Parameter 

tAVAV Read Cycle lime 

tAvov Address Access Time 

tELQV Chip Enable Access Time 

tGLOV Output Enable Access Time 

taox Chip Enable to a Low-Z 

tGLQX Output Enable to a Low-Z 

tEHOZ Chip Enable High to a High-Z 

tGHQZ Output Enable High to High-Z 

tAX OX Output Hold From Address Change 

Notes: 1 Measured w1th load as shown 1n F1gure A page 4. 
2. Measured w1th load as shown 1n F1gure B page 4. 
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46Z128/128Y-85 

Min Max 

85 

85 

85 

45 

5 

0 

0 35 

0 25 

10 

46Z128/128Y-120 
Unit Note 

Min Max 

120 ns 

120 ns 1 

120 ns 1 

60 ns 1 

5 ns 2 

0 ns 2 

0 45 ns 2 

0 35 ns 2 

10 ns 1 



M46Z128, M46Z128Y 

Figure 4. Read Timing n° 1 (Address Access) 

+ ""v t-
---~--~-Av_a_v ______________________________ ,r:=~"a' 

D0 0 . 
DATA VALID DQ15 ____________ _/ 

Note: E = G = Low, W = High 

Figure 5. Read Timing n° 2 

-t= IAVAV =t 
~:: ~~-~AVQV -=rA<Q,, 

I ELQX 

DATA VALID 

Note: W = H1gh 
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M46Z128, M46Z128Y 

WRITE MODE 

The M46Z128/128Y is in the Write Mode whenever 
W and E are active. The start of a write is refer­
~nced from the latter occurring falling edge of W or 
E. ~ writ~is terminated by the earlier rising edge 
of W or E. The addresses must be held valid 
th~o~ghout the cycle. E Qr W must return high for 
mmtmum of tEHAX from E or twHAX from W prior 

AC ELECTRICAL CHARACTERISTICS (Write Cycle) 
(O'C:;; T A:;;+ 70'C, Vee min:;; Vee:;; Vee max) 

Symbol Parameter 

tAVAV Write Cycle Ttme 

tAVWL Address Set-up Time toW Low 

tAVEL Address Set-up Time to E Low 

tAVWH Address Valid to End of Write 

twLWH Write Pulse Width 

twHAX Address Hold after End of Write 

tEHAX Address Hold Time from Chip Enable 

tELEH Chip Enable Active to End of Write 

tovwH Data Valid to End of Write 

twHDX Data Hold Time from Write Enable 

tEHDX Data Hold Time from Chip Enable 

twHOX W High to Q Active 

twLOZ W Low to Q High-Z 

Notes: 1. Mllasured w1th load as shown in Fjgure B page 4. _ 

to the initiation of another read or write cycle. 
Data-in must be valid tovwH prior to the end of write 
and remain valid for twHDX or tEHDX afterward. G 
should be kept high during write cycles to avoid bus 
co~tention; although, ifjhe ou_!put bus has__Qeen 
acttvated by a low on E and G, a low on W will 
disable the outputs twLOZ after W falls. 

46Z128/128Y-85 46Z128/128Y-120 
Unit Note 

Min. Max. Min. Max. 

85 120 ns 

0 0 ns 

0 0 ns 

75 100 ns 

65 85 ns 

5 5 ns 

15 15 ns 

75 100 ns 

35 45 ns 

0 0 ns 

10 10 ns 

0 0 ns 1,2 

0 30 0 40 ns 1,2 

2 If E goes low Simultaneously with W going low or after W going low. the outputs rema1n 1n the high·impedance state. 
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M46Z128, M46Z128V 

Figure 6. Write Control Write Cycle Timing 

Figure 7. Chip Enable Control Write Cycle Timing 

~ IAVAV ~ 
::; =t~-~A_v_E_L ____ tA_v_w_H _______ ,I ______ T ______ _ 

IELEH 

IWLWH 

t EHAX --4 
w 

IIGLQX 

tDvwH 

DATA IN VALID 
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M46Z128,M46Z128Y 

ORDERING INFORMATION 

Example: M46Z128 -85 PM 1 

~ 
Speed I Temperature Range I 

-85 85 ns PM PMDJP40 1 0 to 70 oc 
-120 120ns 

For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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M46Z256 
M46Z256Y 

CMOS 256K x 16 ZEROPOWER SRAM 

• INTEGRATED LOW POWER SRAM, POWER­
FAIL CONTROL CIRCUIT AND BATTERY 

• CONVENTIONAL SRAM OPERATION; UNLIM­
ITED WRITE CYCLES 

• 5 YEAR MINIMUM DATA RETENTION IN THE 
ABSENCE OF POWER 

• COMPATIBLE WITH INDUSTRY STANDARD 
256K x 16 SRAMS 

• AUTOMATIC POWER-FAIL CHIP DESELECT 
AND WRITE PROTECTION 

• DUAL WRITE PROTECT VOLTAGES: 
- M46Z256 4.55V::; VPFD::; 4.75V 
- M46Z256Y 4.30V ::; VPFD ::; 4.50V 

• BATTERY INTERNALLY ISOLATED UNTIL 
POWER IS APPLIED. 

DESCRIPTION 

The M46Z256/256Y 256K x 16 ZEROPOWER™ 
RAM is a non-volatile 4,194,304 bit SRAM organ­
ized as 262,144 words by 16 bits. The device 
combines internal lithium batteries and full CMOS 
SRAMs in a plastic 40 pin DIP. The ZEROPOWER 
RAM directly replaces industry standard SRAMs. 
It also fits into many EPROM and EEPROM sock­
ets, providing the nonvolatility of PROMs without 
any requirement for special write timing or limita­
tions on the number of writes that can be per­
formed. 

The M46Z256/256Y has its own Power-fail Detect 
Circuit. The control circuitry constantly monitors 
the single 5V supply for an out of tolerance condi­
tion. When Vee is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system oper­
ations brought on by low Vee. As Vee falls below 
approximately 3V, the control circuitry connects the 
batteries which sustain data until valid power re­
turns. 

January 1992 

PRELIMINARY DATA 

PMDIP40 Module 

Figure 1. Pin Connections 

Al7 Vee 
E w 

DOts A15 
0014 AIS 
0013 A14 
D0t2 A, 

0011 A12 
OCto A, 
DOg AlQ 
oa8 Ag 
GND GND 
oa7 As 
oa6 A7 
oa5 As 
oa 4 As 
oa3 A4 
oa2 A3 
oa 1 A2 
DDo A1 

i3 Ao 

PIN NAMES 

AO-A17 Address Input Vee +5 Volts 
-

E 
w Write Enable 

Chip Enable -
G Output Enable 

GND Ground DQ0-0015 Data lniDataOut 
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M46Z256, M46Z256Y 

Figure 2. Block Diagram 

I - - - - - - - - - - - - - - - - - - I 

VOLTAGE SENSE 

AND 

SWITCHING 

CIRCUITRY 

POWER 

E CON 

~ ·_+I INTERNAL BATTERIES 

--·1-·-

E A17 Vee 

TRUTH TABLE 

Vee E 

< Vcc(Max) V1H 
v,L 

> Vcc(Min) V1L 

V1L 

< VPFD(Min) X 

> Vso 

5:Vso X 
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G 

X 
X 

V1L 
V1H 
X 

X 

w 
X 

v,L 
V1H 
ViH 
X 

X 

r=-= SGS·THOMSON II."'! I liillU©Illill~~~©'iJilB©IilO©® 

4 X 131,072 X B 

SRAM ARRAY 

MODE 

Deselect 

Write 

Read 

Read 

Deselect 

Deselect 

K fiO·A16 

K :~ao-oa1s 

I 

I 

DQ 

HighZ 

DIN 

Dour 
High Z 

High Z 

High Z 

-
w 

"G 

POWER 

Standby 
Active 

Active 

Active 

CMOS 

Standby 

Battery 

Back-up 

Mode 



M46Z256,M46Z256V 

ABSOLUTE MAXIMUM RATINGS. 

Symbol Parameter Value Unit 

Voo Voltage on Vee Pm Relative to GND -0.3 to 7.0 v 

VT 
Voltage on any Pin excluding Vee -0.3 to 7.0 v 
Relative to GND (VT <; Vcc+0.3) 

TA Ambient Operating Temperature 0 to+ 70 ·c 

TsTG Ambient Storage Temperature -40 to +70 ·c 

Ts1As Temperature Under Bias -10to+70 ·c 

TsLo Soldering Temperature for 10 Seconds 260 ·c 

Stresses greater than those l1sted under ''Absolute Max1mum Ratings" may cause permanent damage to the device. Th1s IS a stress rating 
only and functional operation of the device atthese or any other conditions above those ind1cated in the operational section of this specification 
is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliabil1ty. 

CAUTION: NegatiVe undershoots below -0.3 volts are not allowed on any pin while in the Battery Back-up mode. 

RECOMMENDED DC OPERATING CONDITIONS 

Symbol Parameter 

Vee Supply Voltage ( M46Z256) 

Vee Supply Voltage ( M46Z256Y) 

GND Supply Voltage 

V1H Logic "1" Voltage All Inputs 

V1L Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(O"C~ TA ~+70"C; Vee min~ Vee~ Vee max) 

Symbol Parameter 

lcc1 Average Vee Power Supply Current ( E= VIL) 

lcc2 TTL Standby Current ( E= V1H) 

lcc3 CMOS Standby Current ( E 2: Vee -0.2V) 

hL Input Leakage Current (Any Input) 

loL Output Leakage Current 

VoH Output Logic "1" Voltage ( louT =-1.0 rnA) 

VoL Output Logic "0" Voltage (louT= +2.1 rnA) 

Notes: 1. All voltages referenced to GND. 
2 lcc1 measured w1th outputs open. 
3 Measured w1th OV:> v,,; 0.2V or v, ~ Vee- 0 2V. 
4. Measured w1th Vee~ V1 ~ GND and outputs deselected 
5. Typ1cal values 1nd1cate operation at TA=25"e and Vcc=5V. 

Min Max Unit 

4.75 5.5 v 
4.5 5.5 v 

0 0 v 
2.2 Vee+ 0.3v v 
-0.3 0.8 v 

Min Typ Max 

95 200 

7 18 

2.5 5 

-4 +4 

-2 +2 

2.4 

0.4 

Note 

1 

1 

1 

1 

1 

Unit Note 

rnA 2,5 

rnA 5 

rnA 3,5 

~A 4 

~A 4 

v 1 

v 1 
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M46Z256,M46Z256Y 

AC TEST CONDITION 

Input Levels 

Transition Times 

Input and Output Reference 
Levels 

OUTPUT LOAD DIAGRAMS 

+5V 

DUT 

1 9K 
ohms 

1K ~ ! 100 pF 
ohms 4 

O.OVto 3.0V 

5ns 

1.5V 

(A) 
• Includes Scope and Test Jig. 

CAPACITANCE (TA = 25°C, F=1MHz) 

Symbol Parameter Max 

C1 Capacitance on All Pins (except DO) 40.0 

Coo Capacitance on DO Pins 20.0 

Note: 1. Effective capacitance measured with power supply at 5.0 V. 
2. These parameters are sampled and not 100% tested. 
3. Measured with outputs deselected. 
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DUT 

+5V 
r 

1 9K 
ohms 

1K ~ ! 5 pF 
ohms 4 

(B) 

Unit 

pF 

pF 

Note 

1,2 

1,2,3 



Figure 3. Power Down/Up Timing 

v 
cc 475 -

v 
PFD 

425 -

M46Z256,M46Z256Y 

IER -

E 
r---------7 r--------------, 

DON'T CARE 

'----I 1------_/ 

ALL OUTPUTS VALID 
(PER CONTROL INPUTS) 

AC ELECTRICAL CHARACTERISTICS (Power down/up Timing) 
(O'C ~ TA ~ +70'C) 

Symbol Parameter Min Typ 

IF 4.75 to 4.25V Vee Fall Time 300 

IFB 4.25 to Vso Vee Fall Time 10 

twp Write Protect Time from Vcc=VPFD 40 100 

tR Vso to VPFD (Max) Vee Rise Time 0 

lEA E Recovery Time 40 80 

DC ELECTRICAL CHARACTERISTICS (Power down/up Trip Points) 
(O"C ~ TA ~ +70'C) 

Symbol Parameter Min Typ 

VPFD Power- Fail Deselect Voltage (M46Z256) 4.55 4.62 

VPFD Power- Fail Deselect Voltage (M46Z256Y) 4.30 4.37 

Vso Battery Back-Up Switchover Voltage 3 

loR Data Retention T1me 1n Absence of Vee 5 

Notes: 1. Typ1cal values md1cate operat1on at TA=25C and Vcc=5V 

Max 

150 

120 

Max 

4.75 

4.50 

VALID 
(PER CONTROL INPUTS) 

Unit Note 

1-!S 

1-!S 

1-!S 1 

1-!S 

ms 1 

Unit Note 

v 1,2 

v 1,2 

v 1,2 

YEARS 3 

2. All voltages referenced to GND. 
3. loR IS the accumulated t1me m absence of power from the t1me Vee 1s f1rst applied toR 1s spec1f1ed@ 25°C. 
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M46Z256,M46Z256Y 

DATA RETENTION MODE 

With valid Vee applied, the M46Z256/256Y oper­
ates as a conventional static RAM. Should the 
supply voltage decay, the RAM will automatically 
power-fail deselect, write protecting itself twp after 
Vee falls below VPFo. All outputs become high 
impedance, and all inputs are treated as "don't 
care." 

If power fail detection occurs during a valid access, 
the memory cycle continues to completion. If the 
memory cycle fails to terminate within the time twP, 

READ MODE 

The M46Z256/256Y is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 
The device architecture allows ripple-through ac­
cess of data from sixteen of 4,194,304 locations in 
the static storage array. Thus, the unique address 
specified by the 18 Address Inputs defines which 
one of the 262,144 words of data is to be accessed. 
Valid data will be available at the Data 110 pins 
within tAvav (Address Access Time) after the last 
addr~s input signal is stable, providing that the E 
and G (Output Enable) access times are also sat-

write protection takes place. When Vee drops 
below Vso. the control circuit switches power to the 
internal energy source which preserves data. The 
internal coin cells will maintain data in the 
M46Z256/256Y after the initial application of Vee 
for an accumulated period of at least 5 years when 
Vee is less than Vso. As system power returns and 
Vee rises above Vso. the batteries are discon­
nected, and the power supply is switched to exter­
nal Vee. Write protection continues for tER after 
Vee reaches VPFD to allow for processor stabiliza­
tion. AftertER, normal RAM operation can resume. 

isfied. If theE and G access times are not met, valid 
data will be available after the latter of Chip Enable 
Access Time (tELav) or Output Enable Access Time 
(tGLQV). 
The state of th~eigh!_!hree-state Data 1/0 signals 
is controlled byE and G. If the outputs are activated 
before tAvav. the data lines will be driven to an 
indeterminate state until tAvav. If the Address In­
puts are changed while E and G remain low, output 
data will remain valid for tAxax (Output Data Hold 
lime) but will go indeterminate until the next Ad­
dress Access. 

AC ELECTRICAL CHARACTERISTICS (Read Cycle) 
(O"C ~ TA ~ + 70"C, Vee min ~ Vee~ Vee max) 

46Z256/256Y-85 
Symbol Parameter 

Min 

tAVAV Read Cycle Time 85 

tAVQV Address Access Time 

tELQV Chip Enable Access Time 

tGLQV Output Enable Access Time 

tELOX Chip Enable to Q Low-Z 5 

tGLOX Output Enable to Q Low-Z 0 

tEHQZ Chip Enable High to Q High-Z 0 

tGHOZ Output Enable High to High-Z 0 

tAXa X Output Hold From Address Change 10 

Notes: 1. Measured With load as shown in Figure A page 4. 
2. Measured With load as shown in Figure B page 4. 

6110 
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Max 

85 

85 

45 

35 

25 

46Z256/256Y-120 
Unit Note 

Min Max 

120 ns 

120 ns 1 

120 ns 1 

60 ns 1 

5 ns 2 

0 ns 2 

0 45 ns 2 

0 35 ns 2 

10 ns 1 



M46Z256,M46Z256Y 

Figure 4. Read Timing n° 1 (Address Access) 

=t;-IAVQV _IAVAV -t~IAXQX -
D0 0 _ 

DATA VALID 
DOts ____________ _/ 

Note: E ~ G ~ Low, W ~ High 

Figure 5. Read Timing n° 2 

+ IAVAV =t 
~:; ~~-~AVQV -=r""' r-

IELQX 

DATA VALID 

Note: W ~ High 
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M46Z256,M46Z256Y 

WRITE MODE 

The M46Z256/256Y is in the Write Mode whenever 
W and E are active. The start of a write is refer­
~nced from the latter occurring falling edge of W or 
E. A writELis terminated by the earlier rising edge 
of W or E. The addresses must be held valid 
th~o~ghout the cycle. E 0 W must return bJ.gh for 
mmtmum of tEHAX from E or twHAX from W prior 

AC ELECTRICAL CHARACTERISTICS (Write Cycle) 
(O"C:o;TA:o;+70"C, Vccmin:o; Vcc:o; Vccmax) 

Symbol Parameter 

tAVAV Write Cycle Time 

tAVWL Address Set-up Time toW Low 

tAVEL Address Set-up Time to E Low 

tAVWH Address Valid to End of Write 

twLWH Write Pulse Width 

twHAX Address Hold alter End of Write 

tEHAX Address Hold Time from Chip Enable 

tELEH Chip Enable Active to End of Wnte 

tovwH Data Valid to End of Write 

twHDX Data Hold Time from Wnte Enable 

tEHDX Data Hold Time from Chip Enable 

twHOX W High to Q Active 

twLOZ W Low to Q High-Z 

Notes: 1 Me_asured with load as shown in FJgure B page 4 _ 

to the initiation of another read or write cycle. 
Data-inmustbevalidtovwH prior to the end of write 
and remain valid for twHDX or tEHDX afterward. G 
should be kept high during write cycles to avoid bus 
co~tention; although, ifjhe ouJput bus has_Qeen 
acttvated by a low on E and G, a low on W will 
disable the outputs twLoz after W falls. 

46Z256/256V-85 46Z256/256V-120 
Unit Note 

Min Max Min Max 

85 120 ns 

0 0 ns 

0 0 ns 

75 100 ns 

65 85 ns 

5 5 ns 

15 15 ns 

75 100 ns 

35 45 ns 

0 0 ns 

10 10 ns 

0 0 ns 1,2 

0 30 0 40 ns 1,2 

2 If E goes low simultaneously with W go1ng low or after W go1ng low. the outputs remam in the high-impedance state 
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M46Z256,M46Z256Y 

Figure 6. Write Control Write Cycle Timing 

~tm 
IAVAV 

t'w"'' 
Ao· 

A17 

IAVWH 

t ELEH 
E 

~.,_ ~ IWLWH 

w ~ IAVQV twwz I -1 
G 

il'G"W 
~\~~~ 

t DVWH ----1- t WHDX 
twHQX 

DQO. 
DATA IN VALID 

DQ15 

Figure 7. Chip Enable Control Write Cycle Timing 

::, ~~'""-IAV-W" '"_AV -,! ~t~-
t ELEH 

E 

t EHAX --1 
twLWH 

w 

IIGLQX 

tDVWH 

DATA IN VALID 
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M46Z256,M46Z256Y 

ORDERING INFORMATION 

Example: M46Z256 -85 PM 1 

l, 
Speed I Temperature Range I 

-85 85 ns PM 1 0 to 70 oc 
-120 120 ns 

For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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M48Z256 
M48Z256V 

CMOS 256K x 8 ZEROPOWER SRAM 

• INTEGRATED LOW POWER SRAM, POWER­
FAIL CONTROL CIRCUIT AND BATTERY 

• CONVENTIONAL SRAM OPERATION; UN­
LIMITED WRITE CYCLES 

• 10 YEAR MINIMUM DATA RETENTION IN THE 
ABSENCE OF POWER 

• COMPATIBLE WITH INDUSTRY STANDARD 
256K x 8 SRAMS 

• AUTOMATIC POWER-FAIL CHIP DESELECT 
AND WRITE PROTECTION 

• DUAL WRITE PROTECT VOLTAGES: 
- M48Z256 4.55V::; VPFD::; 4.75V 
- M48Z256Y 4.30V::; VPFD ::; 4.50V 

• BATTERY INTERNALLY ISOLATED UNTIL 
POWER IS APPLIED. 

DESCRIPTION 

The M48Z256/256Y 256K x 8 ZEROPOWER™ 
RAM is a non-volatile 2,097,152 bit SRAM organ­
ized as 262,144 words by 8 bits. The device com­
bines internal lithium batteries and full CMOS 
SRAMs in a plastic 32 pin DIP. The ZERO POWER 
RAM directly replaces industry standard SRAMs. 
It also fits into many EPROM and EEPROM sock­
ets, providing the nonvolatility of PROMs without 
any requirement for special write timing or limita­
tions on the number of writes that can be per­
formed. 

The M48Z256/256Y has its own Power-fail Detect 
Circuit. The control circuitry constantly monitors 
the single 5V supply for an out of tolerance condi­
tion. When Vee is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system oper­
ations brought on by low Vee. As Vee falls below 
approximately 3V, the control circuitry connects the 
batteries which sustain data until valid power re­
turns. 

January 1992 

PRELIMINARY DATA 

PMLDIP32 Module 

Figure 1. Pin Connections 

NC Vee 
A16 A15 

A14 ~7 
A12 w 
A, A13 

As Aa 

As Ag 

A4 A, 

A a o 
Az ~0 
A, E 

Ao oa7 

DCo oa6 

oa 1 oa5 

oa2 oo, 
GND oo, 

PIN NAMES 

AO-A17 Address Input Vee +5 Volts 

E 
w Wnte Enable 

Chip Enable 
G Output Enable 

GND Ground DQ0-007 Data lrVData Out 
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M48Z256,M48Z256Y 

Figure 2. Block Diagram 

r·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·l 

I 

POWER I 
VOLTAGE SENSE < IIO·A16 

AND 
2 X 131,072 X 8 " SWITCHING < :~aO-DQ7 SRAMARRAY 

,--I 
CIRCUITRY I 

E CON 

/2 I 

~.~~ -w I BATTERIES 
G' I 

r-. -·- - ----- -·--------- --·- ---·-· I 
-'--

L __ _ 

E A17 Vee 

TRUTH TABLE 

Vee E G w MODE DQ POWER 

<Vcc(Max} VIH X X Deselect HighZ Standby 

V1L X V1L Write DIN Active 

> Vcc(Min} V1L V1L V1H Read Dour Active 

V1L V1H V1H Read HighZ Active 

<VPFD(Min} X X X Deselect HighZ CMOS 

Standby 

>Vso 
~Vso X X X Deselect HighZ Battery 

Back-up 

Mode 
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M48Z256,M48Z256V 

ABSOLUTE MAXIMUM RATINGS • 

Symbol Parameter Value Unit 

Voo Voltage on Vee Pin Relative to GND -0.3 to 7.0 v 

Vr 
Voltage on any Pin excluding Vee 

-0.3 to 7.0 v Relative to GND (Vr :<> Vcc+0.3) 

TA Ambient Operating Temperature 0 to+ 70 "C 

TsrG Ambient Storage Temperature -40 to +70 ·c 

Te1AS Temperature Under Bias -10to+70 ·c 

TsLo Soldering Temperature for 10 Seconds 260 ·c 
Stresses greater than those hsted under "Absolute Max1mum Ratmgs" may cause permanent damage to the dev1ce. This is a stress rating 

only and functional operation of the device atthese or any other conditions above those indicated in the operational section of this specification 
is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 
CAUTION: Negative undershoots below -0.3 volts are not allowed on any pin while in the Battery Back-up mode. 

RECOMMENDED DC OPERATING CONDITIONS 

Symbol Parameter 

Vee Supply Voltage ( M48Z256) 

Vee Supply Voltage ( M48Z256Y) 

GND Supply Voltage 

V1H Logic "1" Voltage All Inputs 

VIL Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(O"C::> TA ::>+70"C; Vee min::;; Vee::;; Vee max) 

Symbol Parameter 

lcc1 Average Vee Power Supply Current ( E= ViL) 

lcc2 TTL Standby Current ( E= ViH) 

lcc3 CMOS Standby Current ( E <:Vee -0.2V) 

hL Input Leakage Current (Any Input) 

loL Output Leakage Current 

VbH Output Logic "1" Voltage ( lour =-1.0 rnA) 

VoL Output Logic "0" Voltage (lour= +2.1 rnA) 

Notes: 1. All voltages referenced to GND. 
2. lee1 measured with outputs open. 
3. Measured with OVs v, s 0.2V or v, ~ Vee- 0.2V. 
4. Measured with Vee~ v, ~ GND and outputs deselected. 
5. Typical values indicate operahon at TA=25"e and Vcc=5V. 

Min Max Unit 

4.75 5.5 v 
4.5 5.5 v 
0 0 v 

2.2 Vee+ 0.3v v 
-0.3 0.8 v 

Min Typ Max 

75 110 

5 12 

2.5 4 

-2 +2 

-2 +2 

2.4 

0.4 

Note 

1 

1 

1 

1 

1 

Unit Note 

rnA 2,5 

rnA 5 

rnA 3,5 

!!A 4 

J.LA 4 

v 1 

v 1 
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M48Z256,M48Z256Y 

AC TEST CONDITION 

Input Levels 

Transition Times 

Input and Output Reference 
Levels 

OUTPUT LOAD DIAGRAMS 

OUT 

1K 
ohms 

+5V 

0.0Vto3.0V 

1 9K 
ohms 

100 pF 

5ns 

1.5V 

(A) 
• Includes Scope and Test J1g. 

CAPACITANCE (TA = 25"C, f=1MHz) 

Symbol Parameter 

cl Capacitance on All Pins (except DQ) 

Coo Capacitance on DQ P1ns 

Notes: 1. Effective capacitance measured w1th power supply at 5.0 V. 
2 These parameters are sampled and not 100% tested. 
3 Measured w1th outputs deselected 

4/10 

964 

Max 

20.0 

20.0 

OUT. 

1K 
ohms 

+5V 

(B) 

19K 
ohms 

5 pF 

Unit 

pF 

pF 

Note 

1,2 

1,2,3 



Figure 3. Power Down/Up Timing 

v 
cc 

E 

475 -

v 
PFD 

425 -
v --­
so 

M48Z256,M48Z256Y 

!ER -

DON'T CARE 

'----------11------_/ 

ALL OUTPUTS VALID 
(PER CONTROL INPUTS) 

AC ELECTRICAL CHARACTERISTICS (Power down/up Timing) 
(O"C 5 TA 5 +70"C) 

Symbol Parameter Min Typ 

IF 4.75 to 4.25V Vee Fall Time 300 

tFB 4.25 to Vso Vee Fall1ime 10 

twp Write Protect Time from Vcc=VPFD 40 100 

tR Vsoto VPFD (Max) Vee Rise Time 0 

IER E Recovery Time 40 80 

DC ELECTRICAL CHARACTERISTICS (Power down/up Trip Points) 
(O"C 5 TA 5 +70"C) 

Symbol Parameter Min Typ 

VPFD Power- Fail Deselect Voltage (M48Z256) 4.55 4.62 

VPFD Power- Fail Deselect Voltage (M48Z256Y) 4.30 4.37 

Vso Battery Back-Up Switchover Voltage 3 

loR Data Retention T1me in Absence of Vee 10 

VALID 
(PER CONTROL INPUTS) 

Max Unit Note 

J.LS 

J.LS 

150 J.LS 1 

J.LS 

120 ms 1 

Max Unit Note 

4.75 v 1,2 

4.50 v 1,2 

v 1,2 

YEARS 3 

Notes: 1. Typical values indicate operation at TA=25C and Vcc=SV. 
2. All voltages referenced to GND. 
3 loR is the accumulated time in absence of power from the time Vee is first applied. loR is specified@ 25°C. 
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M48Z256, M48Z256Y 

DATA RETENTION MODE 

With valid Vee applied, the M48Z256/256Y oper­
ates as a conventional BYTEWIDE™ static RAM. 
Should the supply voltage decay, the RAM will 
automatically power-fail deselect, write protecting 
itself twP after Vee falls below VPFD. All outputs 
become high impedance, and all inputs are treated 
as "don't care." 

If power fail detection occurs during a valid access, 
the memory cycle continues to completion. If the 
memory cycle fails to terminate within the time twp, 

READ MODE 

The M48Z256/256Y is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 
The device architecture allows ripple-through ac­
cess of data from eight of 2,097,152 locations in 
the static storage array. Thus, the unique address 
specified by the 18 Address Inputs defines which 
one of the 262,144 bytes of data is to be accessed. 
Valid data will be available at the Data 1/0 pins 
within tAvav (Address Access Time) after the last 
addr~s input signal is stable, providing that theE 
and G (Output Enable) access times are also sat-

write protection takes place. When Vee drops 
below Vso, the control circuit switches power to the 
internal energy source which preserves data. The 
internal coin cells will maintain data in the 
M48Z256/256Y after the initial application of Vee 
for an accumulated period of at least 1 0 years when 
Vee is less than Vso. As system power returns and 
Vee rises above Vso, the batteries are discon­
nected, and the power supply is switched to exter­
nal Vee. Write protection continues for tER after 
Vee reaches VPFD to allow for processor stabiliza­
tion. AftertER, normal RAM operation can resume. 

isfied. If theE and G access times are not met, valid 
data will be available after the later of Chip Enable 
Access Time (tELav) or Output Enable Access Time 
(tGLQV). 
The state of the eight three-state Data 1/0 signals 
is controlled byE and G. If the outputs are activated 
before tAvav, the data lines will be driven to an 
indeterminate state until tAvav. If the Address In­
puts are changed while E and G remain low, output 
data will remain valid for tAxax (Output Data Hold 
Time) but will go indeterminate until the next Ad­
dress Access. 

AC ELECTRICAL CHARACTERISTICS (Read Cycle) 
(O"C ~ T A~+ 70"C, Vee min ~ Vee~ Vee max) 

Symbol Parameter 

tAVAV Read Cycle lime 

tAVOV Address Access Time 

taav Chip Enable Access Time 

tGLQV Output Enable Access lime 

taax Chip Enable Ia a Law-Z 

IGLQX Output Enable to a Law-Z 

tEHOZ Chip Enable High to a High-Z 

tGHOZ Output Enable High to High-Z 

tAX OX Output Hold From Address Change 

Notes: 1. Measured wl!h load as shown in F1gure A page 4. 
2. Measured w1th load as shown in Figure B page 4. 
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48Z256/256Y·85 

Min Max 

85 

85 

85 

45 

5 

0 

0 35 

0 25 

10 

48Z256/256Y·120 
Unit Note 

Min Max 

120 ns 

120 ns 1 

120 ns 1 

60 ns 1 

5 ns 2 

0 ns 2 

0 45 ns 2 

0 35 ns 2 

10 ns 1 



M48Z256,M48Z256Y 

Figure 4. Read Timing n° 1 (Address Access) 

IAVAV ·f Aa· 

A17 -IAVQV -

IAXQX 

DATA VALID 

Note: E = G = Low, W = High 

Figure 5. Read liming n° 2 

~'AV~ 
IAVAV 

~·'~'I 
Ao· 

A17 

E" 

I ELQX 

G 

DATA VALID 

Note: W = High 
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M48Z256, M48Z256Y 

WRITE MODE 

The M48Z256/256Y is in the Write Mode whenever 
Wand E are active. The start of a write is refer­
~nced from the latter occurring falling edge of W or 
E. A writE!Js terminated by the earlier rising edge 
of W or E. The addresses must be held valid 
th~o~ghout the cycle. E 0" W must return b!gh for 
m1n1mum of tEHAX from E or twHAX from W prior 

to the initiation of another read or write cycle. 
Data-in must be valid tovwH prior to the end of write 
and remain valid for twHox or tEHDX afterward. G 
should be kept high during write cycles to avoid bus 
contention; although, if the ouJput bus has been 
activated by a low on E and G, a low on W will 
disable the outputs twLoz after W falls. 

AC ELECTRICAL CHARACTERISTICS (Write Cycle) 
(o·c ~ TA ~ + 7o·c, Vee min ~ Vee~ Vee max) 

48Z256/256Y-85 48Z256/256Y-120 
Symbol Parameter Unit Note 

Min Max Min Max 

tAVAV Write Cycle Time 85 120 ns 

tAVWL Address Set-up Time to W Low 0 0 ns 

tAVEL Address Set-up Time to E Low 0 0 ns 

IAVWH Address Valid to End of Write 75 100 ns 

lwLWH Write Pulse Width 65 85 ns 

lwHAX Address Hold after End of Write 5 5 ns 

tEHAX Address Hold T1me from Chip Enable 15 15 ns 

tELEH Chip Enable Active to End of Write 75 100 ns 

tovwH Data Valid to End of Write 35 45 ns 

twHDX Data Hold Trme from Write Enable 0 0 ns 

teHDX Data Hold Time from Chip Enable 10 10 ns 

twHOX W High to Q Active 0 0 ns 1,2 

twLOZ W Low to Q High-Z 0 30 0 40 ns 1,2 

Notes: 1. Mg_asured with load as shown in Fjgure B page 4. _ 
2. If E goes low simultaneously with W going low or after W going low. the outputs remain in the high· impedance state. 
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M48Z256,M48Z256Y 

Figure 6. Write Control Write Cycle Timing 

~tm 
IAVAV 

t.w"" 
Ao-

A17 

IAVWH 

t ELEH 
"E 

l.A_ ~ twLWH 

w ~ IAVQV twLQZ I I -

i=·G<W \\\\\\\\\\ G 

t DVWH ------r- t WHDX 
IWHQX 

DQO-
DATA IN VALID 

DQ7 

Figure 7. Chip Enable Control Write Cycle Timing 

::, ~~'"" -,.,,w< '"_" •' -t~ 
t ELEH 

t EHAX ---i 
-
E 

IWLWH 

w 

IIGLQX 

tDvwH t EHDX 

DATA IN VALID 
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M48Z256,M48Z256Y 

ORDERING INFORMATION 

Example: M48Z256 ·85 PL 

Speed 

·85 85 ns 

-120 120ns 

For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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M48Z512 
M48Z512Y 

CMOS 512K x 8 ZEROPOWER SRAM 

• INTEGRATED LOW POWER SRAM, POWER­
FAIL CONTROL CIRCUIT AND BATTERY 

• CONVENTIONAL SRAM OPERATION; UN­
LIMITED WRITE CYCLES 

• 5 YEAR MINIMUM DATA RETENTION IN THE 
ABSENCE OF POWER 

• COMPATIBLE WITH INDUSTRY STANDARD 
512K x 8 SRAMS 

• AUTOMATIC POWER-FAIL CHIP DESELECT 
AND WRITE PROTECTION 

• DUAL WRITE PROTECT VOLTAGES: 
- M48Z512 4.55V::;; VPFD::;; 4.75V 
- M48Z512Y 4.30V::;; VPFD::;; 4.50V 

• BATTERY INTERNALLY ISOLATED UNTIL 
POWER IS APPLIED. 

DESCRIPTION 

The M48Z512/512Y 512K x 8 ZEROPOWER™ 
RAM is a non-volatile 4,194,304 bit SRAM organ­
ized as 524,288 words by 8 bits. The device com­
bines internal lithium batteries and full CMOS 
SRAMs in a plastic 32 pin DIP. The ZEROPOWER 
RAM directly replaces industry standard SRAMs. 
It also fits into many EPROM and EEPROM sock­
ets, providing the nonvolatility of PROMs without 
any requirement for special write timing or limita­
tions on the number of writes that can be per­
formed. 

The M48Z512/512Y has its own Power-fail Detect 
Circuit. The control circuitry constantly monitors 
the single 5V supply for an out of tolerance condi­
tion. When Vee is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system oper­
ations brought on by low Vee. As Vee falls below 
approximately 3V, the control circuitry connects the 
batteries which sustain data until valid power re­
turns. 

January 1992 

PRELIMINARY DATA 

PMLDIP32 Module 

Figure 1. Pin Connections 

A18 vee 
A16 A15 

A14 ~7 
A12 w 
A7 A13 

As A a 

As Ag 

A4 A11 

A3 G' 
A2 ~0 
A1 E 

Ao oa7 

DOo oa, 
oa 1 oa, 
oa, oa, 
GND oa, 

PIN NAMES 

AO-A18 Address Input Vee +5 Volts 

E 
w Write Enable 

Chip Enable 
G Output Enable 

GND Ground DQO-DQ7 Data In/Data OJ! 
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M48Z512, M48K512V 

Figure 2. Block Diagram 

,---- --------- - ----- - ------------, 

VOLTAGE SENSE 

AND 

SWITCHING 

CIRCUITRY 

POWER 

E CON 

4 X 131,072 X 8 

SRAMARRAV 

V f1D·A16 

K ,I>OD-DQ7 

L_ 

/4 

- - - ]·_~~~ - - - - - - - - - ; 

-t --
E A17·A18 Vee 

TRUTH TABLE 

Vee E G w MODE DQ 

< Vcc(Max) VJH X X Deselect HighZ 

VJL X VJL Write DiN 
> Vcc(Min) VJL VJL VJH Read DouT 

VJL VJH VJH Read HighZ 

< VPFD(Min) X X X Deselect HighZ 

> Vso 

~Vso X X X Deselect HighZ 
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M48Z512, M48K512V 

ABSOLUTE MAXIMUM RATINGS • 

Symbol Parameter Value Unit 

Voo Voltage on Vee Pin Relative to GND -0.3 to 7.0 v 

VT 
Voltage on any Pin excluding Vee -0.3to 7.0 v 
Relative to GND (VT ~ Vcc+0.3) 

TA Ambient Operating Temperature Oto + 70 ·c 

TsTG Ambient Storage Temperature -40 to +70 ·c 

TaiAS Temperature Under Bias -10 to +70 ·c 

TsLo Soldering Temperature for 1 0 Seconds 260 ·c 

Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This 1s a stress rating 
only and functional operation of the device at these or any other cond1!1ons above those ind•cated in the operational section of th1s specification 
IS not implied. Exposure to the absolute max1mum rat1ngs oond1tions for extended periods of t1me may affect reliability. 
CAUTION: Negat1ve undershoots below -0.3 volts are not allowed on any pm while in the Battery Back-up mode. 

RECOMMENDED DC OPERATING CONDITIONS 

Symbol Parameter 

Vee Supply Voltage ( M48Z512) 

Vee Supply Voltage ( M48Z512Y) 

GND Supply Voltage 

v,H Logic "1" Voltage All Inputs 

v,L Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(O"Cs; TA :5+70'C; Vee min s; Vee s; Vee max) 

Symbol Parameter 

lcc1 Average Vee Power Supply Current ( E= VJL) 

lcc2 TTL Standby Current ( E= VJH) 

Ices CMOS Standby Current ( E ~Vee -0.2V) 

I1L Input Leakage Current (Any Input) 

loL Output Leakage Current 

VoH Output Logic "1" Voltage ( louT =-1.0 rnA) 

VoL Output Logic "0" Voltage (louT= +2.1 rnA) 

Notes: 1. All voltages referenced to GND. 
2. lee1 measured with outputs open. 
3. Measured w1th ovs v, s 0.2V or v, <: Vee- 0.2V. 
4. Measured with Vee<: v, <: GND and outputs deselected. 
5. Typical values indicate operation at TA=25'C and Vcc=5V. 

Min Max Unit 

4.75 5.5 v 

4.5 5.5 v 

0 0 v 

2.2 Vee+ 0.3v v 

-0.3 0.8 v 

Min Typ Max 

75 115 

7 17 

2.5 5 

-4 +4 

-4 +4 

2.4 

0.4 

Note 

1 

1 

1 

1 

1 

Unit Note 

rnA 2,5 

rnA 5 

rnA 3,5 

!LA 4 

(lA 4 

v 1 

v 1 
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M48Z512, M48K512Y 

AC TEST CONDITION 

Input Levels 

Transition Times 

Input and Output Reference 
Levels 

OUTPUT LOAD DIAGRAMS 

+5V 

0.0Vto3.0V 

1 9K 
ohms 

5ns 

1.5V 

OUT 
__ ___., 

tK ~ J too pF 
ohms 4 

(A) 
• Includes Scope and Test J1g. 

CAPACITANCE (TA = 25°C, f=1MHz) 

Symbol Parameter Max 

c, Capacitance on All Pins (except DQ) 40.0 

Coo Capacitance on DQ Pins 40.0 

Notes: 1. Effect1ve capacitance measured With power supply at 5.0 V. 
2. These parameters are sampled and not 100% tested. 
3. Measured w1th outputs deselected. 
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OUT 

1K 
ohms 

+5V 

r 

(B) 

1 9K 
ohms 

Unit 

pF 

pF 

Note 

1,2 

1,2,3 



M48Z512,M48K512Y 

Figure 3. Power Down/Up Timing 

v 
cc 

E 

475 -

v 
PFD 

425 -

vso---

!ER -

r------1 ~-------, 
DON'T CARE 

'---------1 /-'------------_/ 

VALID ALL OUTPUTS VALID 
(PER CONTROL INPUTS) (PER CONTROL INPUTS) 

AC ELECTRICAL CHARACTERISTICS (Power down/up Timing) 
(O"C :5 TA :5 +70"C) 

Symbol Parameter Min Typ 

IF 4.75to 4.25V Vee Fall Time 300 

tFB 4.25 to Vso Vee Fall Time 10 

twp Write Protect Time from Vcc=VPFO 40 100 

tR Vsoto VPFD (Max) Vee Rise Time 0 

tER E Recovery Time 40 80 

DC ELECTRICAL CHARACTERISTICS (Power down/up Trip Points) 
(O"C :5 TA :5 +70"C) 

Symbol Parameter Min Typ 

VPFD Power- Fail Deselect Voltage (M48Z512) 4.55 4.62 

Vpm Power- Fail Deselect Voltage (M48Z512Y) 4.30 4.37 

Vso Battery Back-Up Switchover Voltage 3 

loR Data Retention Time in Absence of Vee 5 

Notes: 1. Typ1cal values md1cate operation at TA=25C and Vcc=SV. 

Max Unit 

JlS 

JlS 

150 JlS 

JlS 

120 ms 

Max Unit 

4.75 v 

4.50 v 

v 

YEARS 

2. All voltages referenced to GND. 
3. toR is the accumulated t1me in absence of power from the t1me Vee is f1rst applied. loR is spec1fled@ 25°C. 

Note 

1 

1 

Note 

1,2 

1,2 

1,2 

3 
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M48Z512, M48K512Y 

DATA RETENTION MODE 

With valid Vee applied, the M48Z512/512Y oper­
ates as a conventional BYTEWIDE™ static RAM. 
Should the supply voltage decay, the RAM will 
automatically power-fail deselect, write protecting 
itself twP after Vee falls below Vpm. All outputs 
become high impedance, and all inputs are treated 
as "don't care." 

If power fail detection occurs during a valid access, 
the memory cycle continues to completion. If the 
memory cycle fails to terminate within the time twp, 

READ MODE 

The M48Z512/512Y is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 
The device architecture allows ripple-through ac­
cess of data from eight of 4, 194,3041ocations in the 
static storage array. Thus, the unique address spec­
ified by the 19 Address Inputs defines which one of 
the 524,288 bytes of data is to be accessed. Valid 
data will be available at the Data 1/0 pins within 
tAvov (Address Access Time) after the last address 
input signal is stable, providing that the E and G 
(Output Enable) access times are also satisfied. If 

write protection takes place. When Vee drops 
below Vso, the control circuit switches power to the 
internal energy source which preserves data. The 
internal coin cells will maintain data in the 
M48Z512/512Y after the initial application of Vee 
for an accumulated period of at least 5 years when 
Vee is less than Vso. As system power returns and 
Vee rises above Vso, the batteries are discon­
nected, and the power supply is switched to exter­
nal Vee. Write protection continues for tER after 
Vee reaches VPFD to allow for processor stabiliza­
tion. After tER, normal RAM operation can resume. 

the E and G access times are not met, valid data 
will be available after the later of Chip Enable 
Access Time (tELov) or Output Enable Access Time 
(tGLOV). 

The state of th~eigh\._!hree-state Data 1/0 signals 
is controlled byE and G. If the outputs are activated 
before tAvov, the data lines will be driven to an 
indeterminate state until tAvov. If the Address In­
puts are changed while E and G remain low, output 
data will remain valid for tAXox (Output Data Hold 
Time) but will go indeterminate until the next Ad­
dress Access. 

AC ELECTRICAL CHARACTERISTICS (Read Cycle) 
(O'C :s; TA :s; + ?O'C; Vee min :s; Vee :s; Vee max) 

Symbol Parameter 

tAVAV Read Cycle Time 

tAVQV Address Access Time 

tELQV Chip Enable Access Time 

tGLQV Output Enable Access Time 

tELa X Chip Enable to Q Low-Z 

tGLQX Output Enable to Q Low-Z 

IEHQZ Chip Enable High to Q High-Z 

IGHQZ Output Enable High to High-Z 

tAx ax Output Hold From Address Change 

Notes: 1. Measured w1th toad as shown in F1gure A page 4. 
2 Measured with load as shown in Figure B page 4. 
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48Z512/512Y-85 48Z512/512Y-120 
Unit Note 

Min Max Min Max 

85 120 ns 

85 120 ns 1 

85 120 ns 1 

45 60 ns 1 

5 5 ns 2 

0 0 ns 2 

0 35 0 45 ns 2 

0 25 0 35 ns 2 

10 10 ns 1 



M48Z512, M48K512Y 

Figure 4. Read Timing n° 1 (Address Access} 

Note: E = G = low, W = H1gh 

Figure 5. Read Timing n° 2 

=1 I AVAV 

*·AAO' r-

Ao-

A18 

~ IAVQV 

-
E 

! ELQX 

G 

t GHQZ 

DQO- DATA VALID 
DQ 7 

Note: w = High 
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M48Z512, M48K512Y 

WRITE MODE 

The M48Z512/512Y is in the Write Mode whenever 
W and E are active. The start of a write is refer­
g_nced from the later occurring falling edge of W or 
E. A writ~is terminated by the earlier rising edge 
of W or E. The addresses must be held valid 
th~oughout the cycle. E 0 W must return bjgh for 
m1n1mum of tEHAX from E or twHAX from W prior 

AC ELECTRICAL CHARACTERISTICS (Write Cycle) 
(O'C:;; T A:;;+ 70'C, Vee min :;; Vee:;; Vee max) 

Symbol Parameter 

tAVAV Write Cycle Time 

tAVWL Address Set-up Time toW Low 

tAVEL Address Set-up Time to E Low 

tAVWH Address Valid to End of Write 

twLWH Write Pulse Width 

twHAX Address Hold after End of Write 

tEHAX Address Hold Time from Chip Enable 

tELEH Chip Enable Active to End of Write 

tovwH Data Valid to End of Write 

twHDX Data Hold Time from Write Enable 

tEHDX Data Hold Time from Chip Enable 

twHQX W High to Q Active 

twLOZ W Low to Q High-Z 

Notes: 1 M"asured with load as shown in Fjgure B page 4 _ 

to the initiation of another read or write cycle. 
Data-in must be valid tovwH prior to the end of write 
and remain valid for twHox or tEHDX afterward. G 
should be kept high during write cycles to avoid bus 
contention; although, if the ou_!put bus has been 
activated by a low on E and G, a low on W will 
disable the outputs twLoz after W falls. 

48Z512/512Y-85 48Z512/512Y-120 
Unit Note 

Min Max Min Max 

85 120 ns 

0 0 ns 

0 0 ns 

75 100 ns 

65 85 ns 

5 5 ns 

15 15 ns 

75 100 ns 

35 45 ns 

0 0 ns 

10 10 ns 

0 0 ns 1,2 

0 30 0 40 ns 1,2 

2. If E goes low simultaneously w1th W go1ng low or after W going low, the outputs remain in the high-impedance state. 
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M48Z512, M48K512V 

Figure 6. Write Control Write Cycle Timing 

4 IAVAV t-
::; -:y~-'~~-IAVWH •' 

IAVEL r.-- --> IWHAX 

I ELEH 

l.A_'K 

1/ 

f --> IEHAX 
IWLWH 

____/ ~ IAVQV ---> twLoz ~ 

w 

-
G ~IGHOZ 

r- t WHOX 

\~~\\\\\ 
I DVWH -t-1 WHDX 

DATA IN VALID 

Figure 7. Chip Enable Control Write Cycle Timing 

::. i~.A-VEL--IAVW-H -IAV-AV -,-1 -~t~--
t ELEH -

E 

t EHAX --1 
IWLWH 

w 

IIGLQX 

-
G 

tovwH t EHDX 

DATA IN VALID 
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M48Z512,M48K512Y 

ORDERING INFORMATION 

Example: M48Z512 -85 PL 

-85 

-120 

Speed 

85 ns 

120 ns 

PL PMLDIP32 0 to 70 oc 

For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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MK41T56 

CMOS 64 x 8 SERIAL ACCESS TIMEKEEPER SRAM 

• COUNTERS FOR SECONDS, MINUTES, 
HOURS, DAY, DATE, MONTH AND YEARS 

• SOFTWARE CALIBRATION 

• AUTOMATIC POWER FAIL DETECT AND 

SWITCH CIRCUITRY 

• 12C BUS COMPATIBLE 

• 56 BYTES OF GENERAL PURPOSE RAM 

• ULTRA-LOW BATTERY SUPPLY CURRENT OF 

SOOn A 

DESCRIPTION 

The MK4H56 TIMEKEEPER™ RAM is a low 
power 512-bit static CMOS RAM organized as 64 
words by 8 bits. A built-in 32.768 kHz oscillator 
(externally crystal controlled) and the first 8 bytes 
of the RAM are used for the clock/calendar function 
and are configured in BCD format. Addresses and 
data are transferred serially via a two-line bi-direc­
tional bus. The built-in address register is incre­
mented automatically after each written or read 
data byte. The MK41T56 clock has a built-in power 
sense circuit which detects power failures and au­
tomatically switches to the battery supply during 
power fail-ures. The energy needed to sustain the 
RAM and clock operations can be supplied from a 
small lithium button cell. Typical data retention time 
is in excess of 1 0 years with a 38 mAh 3 volts 
lithium cell. The MK41T56 clock is supplied in a 
8-pin dual-in-line plastic package. 

February 1992 

1 

PSDIPB (N) 
0.4 mm Frame 

Figure 1. Pin Connection 

OSCI [ 1 
"-./ 

8 J Vee 
osco [ 2 7 J FT/OUT 

MK41T56 
BAT [ 3 6 J SCL 

GND [ 4 5 J SDA 

VA005B5 
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MK41T56 

Figure 2. Block Diagram 

osc I 

osco 

FT/OUT 

Vee 
GND 

BATT 

SCL 

SDA 

OPERATION 

OSCILLATOR 
32 768 KHz 

POWER ON 
RESET 

SERIAL 
BUS 

INTERFACE 

fl 

The M K41T56 clock operates as a slave device on 
the serial bus. Access is obtained by implementing 
a start condition followed by the correct address 
(DO). The 64 bytes contained in the device can then 
be accessed sequentially in the following order : 

1. Seconds Register 

2. Minutes Register 

3. 

4. 

5. 

6. 

7. 

8. 

9.-64. 
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Hours Register 

Day Register 

Date Register 

Month Register 

Years Register 

Control Register 

RAM 

1Hz 
SECONDS 
MINUTES DIVIDER 
HOURS 

DAY 
DATE 

MONTH 
YEAR 

CONTROL 

CONTROL 
LOGIC 

RAM 
(56X8) 

ADDRESS 
REGISTER 

D If 
VADD586 

The MK41T56 clock continually monitors Vee for 
an out oftolerance condition. Should Vee fall below 
VPFD the device terminates an access in progress 
and resets the device address counter. Inputs to 
the device will not be recognized at this time to 
prevent erroneous data from being written to the 
device from an out of tolerance system. When Vee 
falls below VBAT the device automatically switches 
over to the battery and powers down into an ultra 
low current mode of operation to conserve battery 
life. Upon power up the device switches from bat­
teryto Vee at VBATand recognizes inputs when Vee 
goes above VPFD volts. 



MK41T56 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VI Voltage On Any Pin Relative To Ground --0.3 to+ 7 v 
TA Ambient Operating Temperature 0 to+ 70 ·c 

TsrG Ambient Storage (Vee Off, Oscillator Off) Temperature -55 to+ 125 ·c 
Po Total Device Power Dissipation 0.25 w 

lour Output Sink Current 20 rnA 

Note: Stresses greater than those listed under "Absolute Maximum Ratmgs" may cause permanent damage to the 
dev1ce. Th1s IS a stress rating only and functional operation of the dev1ce at these or any other conditions beyond those 
indicated m the operational sectiOn of this specification is not 1mphed. Exposure to absolute maximum ratmg conditions for 
exended periods of time may affect reliability. 
CAUTION: Negative undershoots befow-0.3 volts are not affowedon any pin while in the Battery Back-up mode. 

REGISTER MAP 

Address 

0 

1 

2 

3 

4 

5 

6 

7 

KEYS: 

D7 Ds 

ST 

X 

X X 

X X 

X X 

X X 

OUT FT 

S:SIGN BIT 
ST:STOP BIT 

Data 

Ds D4 D3 D2 

X X X 

X 

s 

FT = FREQUENCY TEST BIT 
X = DON'T CARE 

1iji. SGS·THOMSON o ~R;JD©I!I@~~~©~I!I@IllD©iil 

Function/Range 
BCD Format 

D1 Do 

Seconds 00-59 

Minutes 00-59 

Hour 00-23 

Day 01-07 

Date 01-31 

Month 01-12 

Year 00-99 

Control 

OUT = OUTPUT LEVEL 
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MK41T56 

CHARACTERISTICS OF THE 2-WIRE BUS 

This bus is intended for communication between 
different ICs. It consists of two lines : one bi-direc­
tional for data signals (SDA) and one for clock 
signals (SCL). Both the SDA and the SCL lines 
must be connected to a positive supply voltage via 
a pull-up resistor. 

The following protocol has been defined : 

Data transfer may be initiated only when the bus is 
not busy. 

During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as control signals. 

Accordingly, the following bus conditions have 
been defined : 

Bus not busy : Both data and clock lines remain 
HIGH. 

Start data transfer : A change in the state of the 
data line, from HIGH to LOW, while the clock is 
HIGH, defines the START condition. 

Stop data transfer : A change in the state of the 
data line, from LOW to HIGH, while the clock is 
HIGH, defines the STOP condition. 

Data valid : The state of the data line represents 
valid data when after a start condition, the data line 
is stable for the duration of the HIGH period of the 
clock signal. The data on the line may be changed 
during the LOW period of the clock signal. There is 
one clock pulse per bit of data. 
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Each data transfer is initiated with a start condition 
and terminated with a stop condition. The number 
of data bytes transferred between the start and stop 
conditions is not limited. The information is trans­
mitted byte-wise and each receiver acknowledges 
with a ninth bit. 

Within the bus specifications a low speed mode 
(2kHz clock rate) and a high speed mode (100kHz 
clock rate) are defined. The MK41 T56 clock works 
in both modes. By definition a device that gives out 
a message is called "transmitter", the receiving 
device that gets the message is called "receiver". 
The device that controls the message is called 
"master". The devices that are controlled by the 
master are called "slaves". 

Acknowledge : Each byte of eight bits is followed 
by one acknowledge bit. This acknowledge bit is a 
low level put on the bus by the receiver whereas 
the master generates an extra acknowledge re­
lated clock pulse. 

A slave receiver which is addressed is obliged to 
generate an acknowledge after the reception of 
each byte. Also a master receiver must generate 
an acknowledge after the reception of each byte 
that has been clocked out of the slave transmitter. 

The device that acknowledges has to pull down the 
SDA line during the acknowledge clock pulse in 
such a way that the SDAiine is astable LOW during 
the HIGH period of the acknowledge related clock 
pulse. Of course, setup and hold times must be 
taken into account. A master receiver must signal 
an end of data to the slave transmitter by not 
generating an acknowledge on the last byte that 
has been clocked out of the slave. In this case the 
transmitter must leave the data line HIGH to enable 
the master to generate the STOP condition. 



Figure 3A. Data Transfer Sequence of the Serial Bus 

CLOCK 

DATA 

START 
CDNDI110N 

Figure 3B. Acknowledgement 

SCLK FROM 
MASTER 

START 

DATA LINE 
STABLE 

DATA VALID 

CHANGE OF 
DATA ALLOWED 

\.____~! 

\ 

I 
I 
I 
I 
I 

I I 

vr= 
I I 
I I 
I I 
' ' 

STOP 
CONDITION 

VA00587 

MK41T56 

CLOCK PULSE FOR 
ACKNOWLEDGEMENT 

DATA OUTPUT 
BY 11RANSMITTER \.___"'-/ __ D_AT_A_1 ___,X DATA 2 KX DATA s / 

DATA OUTPUT 
BY RECEIVER 

Figure 3C. Bus Timing Requirements 

SDA 

SCL I 
I 
I 
I 

I I 

c.!'_j LsJ 

VA005BB 

VA00589 
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MK41T56 

Write Mode 
In this mode the master transmitter transmits to the 
MK41T56 slave receiver. Bus protocol is shown in 
Figure 5. Following the START condition and slave 
address, a logic 0 (RIW = 0) is placed on the bus 
and indicates to the addressed device that word 
address An will follow and is to be written to the 
on-chip address pointer. The data word to be writ­
ten to the memory is strobed in next and the internal 
address pointer is incremented to the next memory 
location within the RAM on the reception of an 
acknowledge clock. The MK41T56 slave receiver 
will send an acknowledge clock to the master trans­
mitter after it has received the slave address and 
again after it has received the word address and 
each data byte. 

Figure 4. Slave Address Location 

START 
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I 
I 
I 
I 

R/W 

I I 

11 11 I 011 I 0 I 0 I 0 I 
VA00590 

Read Mode 
In this mode the master reads the MK41T56 slave 
after setting the slave address. See Figure 6. Fol­
lowing the write mode control bit (R/W = 0) and the 
acknowledge bit, the word address An is written to 
the on-chip address pointer. Next the START con­
dition and slave address are repeated followed by 
the READ mode control bit (RIW = 1 ). At this point 
the master transmitter becomes the master re­
ceiver. The data byte which was addressed will be 
transmitted and the master receiver will send an 
acknowledge bit to the slave transmitter. The ad­
dress pointer is only incremented on reception of 
an acknowledge bit. The MK41T56 slave transmit­
ter will now place the data byte at address An + 1 
on the bus, the master receiver reads and acknowl­
edges the new byte and the address pointer is 
incremented to An+ 2. 

This cycle of reading consecutive addresses will 
continue until the master receiver sends a STOP 
condition to the slave transmitter. 

An alternate READ mode may also be imple­
mented whereby the master reads the MK41T56 
slave without first writing to the (volatile) address 
pointer. The first address that is read is the last one 
stored in the pointer. See Figure 7. 



MK41T56 

Figure 5. Write Mode 

t­
o:: 

BUS ACTIVITY: ~< SLAVE I~ WORD ~ 
ADDRESS >o:: < ADDRESS (n) > < DATA n > < DATA n+1 > < DATA n+X > "' 

MASTER 

SDA LINE IIIII::::::: II::::::: II::::::: I L::JE 
BUS ACTIVITY: 

Figure 6. Read Mode 
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Figure 7. Alternate Read Mode 
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MK41T56 

Calibration the Clock 

The MK41T56 is driven by a quartz controlled 
oscillator with a nominal frequency of 32,768 Hz. A 
typical MK41 T56 is accurate within ± 1 minute per 
month at 25'C without calibration. The devices are 
tested not to exceed 35 PPM (parts per million) 
oscillator frequency error at 25'C, which equates to 
about ± 1.53 minutes per month. Of course the 
oscillation rate of any crystal changes with temper­
ature. 

Most clock chips compensate for crystal frequency 
and temperature shift error with cumbersome trim 
capacitors. The MK41T56 design, however, em­
ploys periodic counter correction. The calibration 
circuit adds or subtracts counts from the oscillator 
divider circuit at the divide by 128 stage, as shown 
in Figure 8. The number of times pulses are 
blanked (subtracted, negative calibration) or split 
(added, positive calibration) depends upon the 
value loaded into the five bit Calibration byte found 
in the Control Register. Adding counts speeds the 
clock up, subtracting counts slows the clock down. 

The Calibration byte occupies the five lower order 
bits in the Control register. This byte can be set to 
represent any value between 0 and 31 in binary 
form. The sixth bit is a sign bit; "1" indicates positive 
calibration, "0" indicates negative calibration. Cali­
bration occurs within a 64 minutes cycle. The first 
62 minutes in the cycle may, once per minute, have 
one second either shortened by 128 or lengthened 
by 256 oscillator cycles. If a binary "1" is loaded into 
the register, only the first 2 minutes in the 64 

Figure 8. Divide by 128 Stage 

NORMAL 

POSITIVE 
CALIBRATION 

NEGATIVE 
CALIBRATION 
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minutes cycle will be modified ; if a binary 6 is 
loaded, the first 12 will be affected, and so on. 

Therefore, each calibration step has the effect of 
adding 512 or subtracting 256 oscillator cycles for 
every 125,829,120 actual oscillator cycles, that is 
+ 4.068 or- 2.034 PPM of adjustment per calibra­
tion step in the calibration register. Assuming that 
the oscillator is in fact running at exactly 32768 Hz, 
each of the 31 increments in the Calibration byte 
would represent 10.7 seconds per month. 

Two methods are available for ascertaining how 
much calibration a given MK41T56 may require. 
The first involves simply setting the clock, letting it 
run for a month and comparing it to a known 
accurate reference (like WWV broadcasts). While 
that may seem crude, it allows the designer to give 
the end user the ability to calibrate his clock as his 
environment may require, even after the final prod­
uct is packaged in a non-user serviceable enclo­
sure. All the designer has to do is provide a simple 
utility that accessed the Calibration byte. The utility 
could even be menu driven and made foolproof. 

The second approach is better suited to a manu­
facturing environment, and involves the use of 
some test equipment. When the Frequency Test 
(FT.) bit, the seventh-most significant bit in the 
Control Register, is set to a "1 ", and the oscillator 
is running at 32768 Hz, the FT/OUT pin of the 
device will toggle at 512 Hz. Any deviation from 
512Hz indicates the degree and direction of oscil­
lator frequency shift at the test temperature. For 
example, a reading of 512.01024 Hz would indi­
cate a +20 PPM oscillator frequency error, requir­
ing a- 1 0(001 01 0) to be loaded into the Calibration 
Byte for correction. Note that setting or changing 
the Calibration Byte does not affect the Frequency 
test output frequency. 

OUTPUT DRIVER PIN 
When the FT bit is not set the FT/OUT pin becomes 
an output driver that reflects the contents of D7 of 
the control register. In other words when 06 of 
location 7 is a zero and D7 of location 7 is a zero 
and then the FT/OUT pin will be driven low. 

Note: TheFT/OUT pin is open drain which requires 
an external pullup resistor. 



Figure 9. Power Up/Down Waveforms 

SDA 
SCL 

DATA RETENTION nME 

AC ELECTRICAL CHARACTERISTICS (Power Up/Down Timing) 
(ooc ~ TA ~ + 70°C) 

Symbol Parameter Min. Typ. 

tpo SCL and SDA at VtH before power 0 down 

tFB VPFD to Vso Voo fall time 300 

tAB Vso to VPFD Voo rise time 100 

tREC SCL and SDA at VtH after power up 200 

VPFD Power-fail deselect voltage 1.22 VBAT 1.25 VaAT 

Vso Battery back-up switchover voltage VaAT 

/iii. SCS·THOMSON 
• li:lfi©tlil@~~~©lili'J@Iltfill:$ 

MK41T56 

VA00595 

Max. Units Notes 

ns 

JlS 

J.lS 

J.lS 

1.28 VaAT v 

v 
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MK41T56 

AC ELECTRICAL CHARACTERISTICS 

Values 
Symbol Parameter Units 

Min. Max. 

lscL SCL clock frequency 0 100 KHz 

I LOw The LOW period of the clock 4.7 J.lS 

IHIGH The HIGH period of the clock 4 J.lS 

IR SDA and SCL rise time 1 J.lS 

IF SDA and SCL fall time 300 ns 

START condition hold time. After 
IHD STA this period the first clock pulse is 4 J.lS 

generated 

Setup time for start condition (only 
lsu STA relevant for a repeated start 4.7 ~s 

condition) 

lsu OAT Data setup time 250 ns 

IHo OAT Data hold time 0* J.lS 

lsu · STO STOP condition setup 4.7 J.lS 

lsuF 
Time the bus must be free before a 4.7 J.lS new transmission can start 

Cr Input capacitance on SCL. SDA 7 pi 

Tr 
Noise suppresion time constant at 0.25 1 J.lS SCL and SDA input 

• Note that a transm1tter must internally provide a hold time to bndge the undefined region (300 ns max.) of the falling edge of SCL. 

CRYSTAL ELECTRICAL CHARACTERISTICS (externally supplied) 

Values 
Symbol Parameter Units 

Min. Typ. Max. 

fo Resonant frequency 32.768 kHz 

rs Series resistance 35 kQ 

CL Load capacitance 12.5 pF 

Note: Load capacitors are internally supplied with the MK41T56. Circuit board layout considerations for the 32.768 kHz crystal of minimum 
trace lengths and isolation from RF generating signals should be taken into account. 
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DC ELECTRICAL CHARACTERISTICS 

Values 
Symbol Parameter Test Conditions Units 

Min. Typ. Max. 

loo1 
Operating supply 3 rnA 
current 

loo2 
Standby operating SCUSDA= Vee- 0.3V 1 rnA 
current 

IL Input leakage current 10 J.lA 

loH Output leakage current 10 J.lA 

V1H High level input voltage 3 Vee+ 0.8 v 

V1L Low level input voltage -0.3 1.5 v 

VoL Low level output voltage loL = 5rnA, Vee= 4.5V 0.4 v 

Vee Supply voltage 4.5 5.5 v 

GND Ground 0 v 

VsAT 111 Battery supply voltage 2.6 3 3.5 v 

Vee= O.OV, TA = 25"C, 
I sAT Battery supply current Oscillator On, 450 500 nA 

VsAT=3V 

Note: 1. SGS-THOMSON recommends the RAYOVAC BR1225 or equ1valent as the battery supply. 
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MK41T56 __ 

ORDERING INFORMATION 

Example: MK41T56 

N PSDIP8 
0.4mm 
Frame 

N 00 

00 No Speed 
Options 

For a list of available options refer to the Selector Guide in this Data Book or the current Memory Shortform 
that will be periodically up-dated. 

For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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MK48T85 

CMOS 64 x 8 ADDRESS/DATA MULTIPLEXED 
TIMEKEEPER SRAM 

• DROP-IN REPLACEMENT FOR PC AT COM­
PUTER CLOCK/CALENDAR 

• EXTERNAL BATTERY AND CRYSTAL PINS 

• COUNTS SECONDS, MINUTES, HOURS, 
DAYS, DAY OF THE WEEK, DATE, MONTH 
AND YEAR WITH LEAP YEAR COMPENSA­
TION 

• BINARY OR BCD REPRESENTATION OF 
TIME, CALENDAR AND ALARM 

• 12 OR 24 HOUR CLOCK WITH AM AND PM IN 
12 HOUR MODE 

• SELECTABLE BUS TIMING 

• MULTIPLEX BUS FOR PIN EFFICIENCY 
• INTERFACED WITH SOFTWARE AS 64 RAM 

LOCATIONS: 
- 14 bytes of clock and control registers 
-50 bytes of general purpose RAM 

• PROGRAMMABLE SQUARE WAVE OUTPUT 
SIGNAL 

• BUS COMPATIBLE INTERRUPT SIGNALS 
(IRQ) 

• THREE INTERRUPTS ARE SEPARATELY 
SOFTWARE-MASKABLE AND TESTABLE: 
-Time-of-day alarm once/second to once/day 
- Periodic rates from 122 J..lS to 500 ms 
- End of clock update cycle 

PIN NAMES 

RESET Reset 

Vcc!GND 5 Volts/Ground 

E Chip Select 

AS Address Strobe 

w Read/Write 

DS Data Strobe 

IRQ Interrupt Request 

VeAT 3 Volts Battery Input 

February 1992 

ADVANCE DATA 

PLCC28 (C) 

Figure 1. Pin Connection 

ADO 
ADl 

AD2 
AD3 
AD4 
AD5 

NF 

ADO-AD? 

NF 

MOT 

sow 
RCLR 

x1, x2 

8 

10 

11 

f- us: 
N-Ou.uou. 
XX2Z>UlZ 

4 J 2 1 28 27 26 

25 

24 

23 

MK48T85 22 

12 13 14 15 16 17 18 

CD LL !"'-- 0 IW ({) lL 
OZOZ <(Z 
<( <(<.:J 

21 

20 

19 

VA00599 

Address I Data 

No Function 

Bus Type Selection 

Square Wave Out 

RAM Clear 

32,768 Hz Crystal 

RCLR 

VBAT 

IRQ 
RESET 
DS 

GND 

w 

NF pm serves no function and may be connected to other s1gnals, 
Within Absolute Max1mum Ratings, Without affectmg dev1ce oper· 
ation. The electrical characteristiCS are the same as the other in­
puts pins. 
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MK48T85 

Figure 2. Block Diagram 

r0 1 
osc I I +8 -·~ +64 --- +64 ~ I 

I - POWER ~c 
SWITCH I - AND ~K 

I 
PERIODIC INTERRUPT /SQUARE WAVE RATE 

I 
WRITE SELECTION 

PROTECT (1 OF 16 SELECTOR) 

Vee 

Vbat 

LITHIUM 
I CELL 

y +2 ~~ SQUARE ~ 1--WAVE OUT 
saw 

I 

I I 
REGISTERS A,B,C,D 

,-----------"j (4 BYTES! 

IRQ 

RESET 

DS 

w 
AS 

A/D 

MOT 

L 
-
-
~ 
-

BUS 

INTERFACE 

DESCRIPTION 

<:== 
CLOCK/ 

CALENDAR 

k UPDATE 

BCD/ 
BINARY -

INCREMENT 

The MK48T85 TIMEKEEPERTM RAM is designed 
to be a functional replacement for the PC AT Com­
puter clock/calendar. The functions available to the 
user include a time-of-day clock, an alarm, a one­
hundred-year calendar, programmable interrupts, 
a square wave generator, and 50 bytes of static 
RAM. The MK48T85 provides connections for a 
battery and a 32,768 Hz crystal. The battery con­
nection allows the user to back-up the RAM and 
clock functions in the absence of system voltage. 

Automatic deselect ion of the device provides insur­
ance that data integrity is not compromised should 
Vee fall below specified (VPFD) levels. The auto­
matic deselection of the device remains in effect 
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CLOCK ALARM 
CALENDAR RAM 

110 BYTES! 

j 
RCLR 

USER RAM 
(50 BYTES) 

VRODOB40 

upon power up for a period of 1 OOms after Vee rises 
above VPFD, provided the Real Time Clock is run­
ning and the count down chain is not in reset. This 
allows sufficient time for Vee to stabilize and gives 
the system clock a wake up period so that a valid 
system reset can be established. 

OPERATION 
The block diagram in Figure 2 shows the pin con­
nections with the major functions of the MK48T85 
(Real Time Clock/RAM). For a complete description 
of operating conditions, electrical characteris­
tics, bus timing, and pin descriptions other than X1, 
X2, VsAT, and RCRL, see the MK8T87 datasheet. 



SIGNAL DESCRIPTION 

X1, X2 -The X1 and X2 pins are the connections 
for a standard 32,768 Hz quartz crystal having a 
load capacitance of 6pF . 

VeAT - The VsAT pin is the battery input for any 
standard 3V lithium cell or other energy source. 

MK48T85 

RCLR - The RCLR pin is used to clear (set to logic 
"1") all 50 bytes of the general purpose RAM asso­
ciated with the Real Time Clock. In order to clear 
the RAM, RCLR must be forced to an input logic 
"0" ( -0.3 to 0.8 volts) for a minimum of 1 00 ms when 
Vee is applied. 

DC ELECTRICAL CHARACTERISTICS (0°C ~ TA ~ 70°C; Vee min ~Vee~ Vee max) 

Symbol Parameter Min. Max. Unit 

lcc1 Average Vee Power Supply Current 15 mA 

IMor Input Current -1 500 ~ 

hL Input Leakage Current -1 1 ~ 

loL Output Leakage Current -5 5 llA 

VoH Output Logic "1" Voltage (lour = -1.0 mA) 2.4 v 

VoL Output Logic "0" Voltage (lour = 4.0 mA) 0.4 v 

VsAT Battery Voltage 2.4 3.5 v 

I sAT Battery Current (at VsAT = 3.0V, T A= 25°C) 455 nA 
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MK48T85 

Figure 3. Power Up/Down Conditions 

:==============================7====== 
- f-- tF tR- ~ 

I \,___ __ 
tDR 

DATA RETENTION TIME 

VA00600 

AC ELECTRICAL CHARACTERISTICS (Power Up/Down Timing) 

Symbol Parameter Min. Max. Unit 

IF VPFD to Vso Vee Fall Time 310 [.IS 

IR Vso to VPFD Vee Rise Time 100 [.IS 

DC ELECTRICAL CHARACTERISTICS (Power Up/Down Trip Points) (0°C ::; T A::; 70°C) 

Values 
Symbol Parameter Unit 

Min. Typ. Max. 

VPFD Power-fail Deselect Voltage 1.22 VsAT 1.25 VBAT 1.28 VBAT v 
Vso Battery Back-up Swithover Voltage VBAT v 
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ORDERING INFORMATION 

Example: MK48T85 c 24 

c PLCC28 24 No User Option 

For a list of available options refer to the Selector Guide in this Data Book or the current Memory Shortform 
that will be periodically up-dated. 

For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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MK48T87 
CMOS 64 x 8 ADDRESS/DATA MULTIPLEXED 

TIMEKEEPER SRAM 

• DROP-IN REPLACEMENT FOR PC AT COM­
PUTER CLOCK/CALENDAR 

• TOTALLY NONVOLATILE WITH 10 YEARS OF 
OPERATION IN THE ABSENCE OF POWER 

• SELF-CONTAINED SUBSYSTEM INCLUDES 
LITHIUM BATTERY, QUARTZ CRYSTAL AND 
SUPPORT CIRCUITRY 

• COUNTS SECONDS, MINUTES, HOURS, 
DAYS, DAY OF THE WEEK, DATE, MONTH 
AND YEAR WITH LEAP YEAR COMPENSA­
TION 

• BINARY OR BCD REPRESENTATION OF 
TIME, CALENDAR AND ALARM 

• 12 OR 24 HOUR CLOCK WITH AM AND PM IN 
12 HOUR MODE 

• SELECTABLE BUS TIMING 

• MULTIPLEX BUS FOR PIN EFFICIENCY 

• INTERFACED WITH SOFTWARE AS 64 RAM 
LOCATIONS: 
- 14 Bytes Of Clock And Control Registers 
- 50 Bytes Of General Purpose RAM 

• PROGRAMMABLE SQUARE WAVE OUTPUT 
SIGNAL 

• BUS COMPATIBLE INTERRUPT SIGNALS 
(IRQ) 

• THREE INTERRUPTS ARE SEPARATELY 
SOFTWARE-MAS KABLE AND TESTABLE: 
-Time-of-day Alarm Once/Second To Once/Day 
- Periodic Rates From 122 JlS to 500 ms 
- End Of Clock Update Cycle 

PIN NAMES 

ADO-AD7 Address I Data 

Vcc/GND 5 Volts/Ground 

E Chip Select 

AS Address Strobe 

w Read/Write 

saw Square Wave Out 

MOT Bus Type Selection 

February 1992 

PHDIP24 WITH BATTERY TOP HAT (B) 

Figure 1. Pin Connection 

MOT [ 1 • 24 p vee 
NF [ 2 23 ~sow 
NF [ 3 22 ~ NF 

ADO [ 4 21 p NF 
AD1 [ 5 20 p NF 

AD2 [ 6 MK48T87 19 ~ IRQ 
AD3 [ 7 16 p RESET 
AD4 [ 6 17 ~ DS 
AD5 [ g 16 p NF 
AD6 [ 10 15 p Vii 
AD7 [ 11 14 ~ AS 
GND [ 12 13 p E 

VA00601 

IRQ Interrupt Request 

RESET Reset 

DS Data Strobe 

NF No Function 

NF pin serves no functon and may be connected to other s1gnals, 
w1th1n Absolute Maximum Rat1ngs, Without affecting dev1ce oper· 
ation. The electrical charactensllcs are the same as the other inputs pins. 
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MK48T87 

Figure 2. Block Diagram 

D r-"1JI 
osc I I +8 ~n +64 I I +64 ~ I I 

- POWER ___y_<;_e Vee 
SWITCH - AND ~K 

I 
PERIODIC INTERRUPT/SQUARE WAVE RATE 

I 
WRITE SELECTION 

PROTECT (1 OF 16 SELECTOR) 

LITHIUM 
l CELL 

+2 ~~ SQUARE ~ -WAVE OUT 
SOW 

! 

I I 
REGISTERS A,B,C,D 

~ (4 BYTES) 

IRQ 

RESET 

DS 

w 

AS 
A/D 

MOT 

L 
~ 

~ 

~ 
~ 

BUS 

INTERFACE 

DESCRIPTION 

rF CLOCK/ 
CALENDAR 

~ UPDATE 

BCD/ 
BINARY 1----

INCREMENT 

The MK48T87 TIMEKEEPER™ RAM is designed 
to be a compatible replacement for the MC146818 
and the DS1287. A lithium energy source, a quartz 
crystal and write-protection circuitry are contained 
within a 24-pin dual in-line package. The MK48T87 
is, therefore, a complete subsystem replacing as 
many as 16 components in a typical application. 
The functions available to the user include a non­
volatile time-of-day clock, an alarm, a one-hun­
dred-year calendar, programmable interrupt, 
square wave generator, and 50 bytes of nonvolatile 
static RAM. The Real Time Clock/RAM is unique in 
that the time-of-day and memory are maintained 
even in the absence of power. 
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CLOCK ALARM 
CALENDAR RAM 

(10 BYTES) 

USER RAM 
(50 BYTES) 

VROOOBOB 

Automatic deselection of the device provides insur­
ance that data integrity is not compromised should 
Vee fall below specified (VPFD) levels. The automat­
ic de selection of the device remains in effect upon 
power up for a period of 1 OOms after Vee rises 
above VPFD, provided the Real Time Clock is run­
ning and the count down chain is not in reset. This 
allows sufficient time for Vee to stabilize and gives 
the system clock a wake up period so that a valid 
system reset can be established. 

The block diagram in Figure 2 shows the pin con­
nection with the major internal functions of 
MK48T87 (Real Time Clock/RAM). The following 
paragraphs describe the function of each pin. 



SIGNAL DESCRIPTIONS 
GND, Vee - D.C. power is provided to the device 
on these pins. Vee is the +5 volt input. When Vee 
is applied and is above Vpm, the device is fully 
accessible and the data can be written and read. 
When Vee is below VPFD, reads and writes are 
inhibited. However, the timekeeping function con­
tinues unaffected by the lower input voltage. As 
Vee falls below Vso, the RAM and timekeeper are 
switched over to an internal Lithium energy source. 
The timekeeping function maintains an accuracy of 
1 minute per month at 25"C regardless of the 
voltage input on the Vee pin. 

MK48T87 

MOT (Mode Select) - The MOT pin offers the 
flexibility to choose between two bus types. When 
connected to Vee, Motorola bus timing is selected. 
When connected to GND or left disconnected, Intel 
bus timing is selected. The pin has an internal 
pull-down resistance of approximately 20 KQ . 

SQW (Square Wave Output) - The SOW pin can 
output a signal from one of 13 taps provided by the 
15 internal divider stages of the Real Time Clock. 
The frequency of the SOW pin may be changed by 
programming Register A. As shown in Table 1, the 
SOW signal may be turned on and off using the 
SOWE bit in Register B. The SOW signal is not 
available when Vee is less than VPFD-

Table 1. Periodic Interrupt Rate and Square Wave Frequency 

Select Bits Register A 

RS3 RS2 RS1 

0 0 0 

0 0 0 

0 0 1 

0 0 1 

0 1 0 

0 1 0 

0 1 1 

0 1 1 

1 0 0 

1 0 0 

1 0 1 

1 0 1 

1 1 0 

1 1 0 

1 1 1 

1 1 1 

ADO-AD7 (Multiplexed Bi-Directional Ad­
dress/Data Bus) - Multiplexing the bus reduces 
the device pin count because address information 
and data information time share the same signal 
paths. The addresses are presented during the first 
portion of the bus cycle and the same pins and 
signal paths are used for data transfer during the 
second portion of the cycle. Address/data multi­
plexing does not slow the access time of the 
MK48T87 since the bus change from address to 

tpJ Periodic saw Output 

RSO 
Interrupt Rate Frequency 

0 None None 

1 3.90625 ms 256Hz 

0 7.8125 ms 128Hz 

1 122.070 flS 8.192 KHz 

0 244.141 flS 4.096 KHz 

1 488.281 flS 2.048 KHz 

0 976.5625 f!S 1.024 KHz 

1 1.953125 ms 512Hz 

0 3.90625 ms 256Hz 

1 7.8125 ms 128Hz 

0 15.625 ms 64Hz 

1 31.25 ms 32Hz 

0 62.5 ms 16Hz 

1 125 ms 8Hz 

0 250 ms 4Hz 

1 500 ms 2Hz 

data occurs during the internal RAM access time. 
Addresses must be valid prior to the falling edge of 
AS/ALE, at which time the MK48TB7 latches the 
address from ADO to AD5. Valid write data must be 
present and held stable during the latter portion of 
the DS or RD pulses. The read cycle is terminated 
and the bus returns to a high impedance state as 
OS transitions low in the case of Motorola timing or 
as RD transitions high in the case of Intel timing. 
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MK48T87 

AS (Address Strobe Input) - A positive going 
address strobe pulse serves to demultiplex the 
bus. The falling edge of AS/ALE causes the ad­
dress to be latched within the MK48T87. 

OS (Data Strobe or Read Input)- The DS/RD pin 
has two modes of operation depending on the level 
of the MOT pin. When the MOT pin is connected 
to Vee, Motorola bus timing is selected. In this 
mode DS is a positive pulse during the latter 
portion of the bus cycle and is called Data Strobe. 
During read cycles, DS signifies the time that the 
MK48T87 is to drive the bi-directional bus. In write 
cycles the trailing edge of DS causes the 
MK48T87 to latch the written data. When the 
MOT pin is connected to GND, Intel bus timing is 
selected. In this mode the DS pin is called Read 
(RD). RD identifies the time period when the 
MK48T87 drives the bus with read data. The RD 
sJgnal is the same definition as the Output Enable 
(G) signal on a typical memory. 

W (Read/Write Input) - The W pin also has two 
modes of operation. When the MOI_pin is con­
nected to Vee for Motorola timing, W is a level 
which indicates whether the current cycle is a read 
or write. A read cycle is indicated with a high level 
on W Y"Lhile DS is high. A write cycle is indicated 
when W is low during DS. When the _MOT pin is 
connected to GND for Intel timing, theW signal~ 
an active low signal called WR. In this mode the W 
pin has the same meaning as the Write Enable 
signal (W) on generic RAMs. 

E (Chip Select Input)- The Chip Select signal (E) 
must be asserted low for a bus cycle in which the 
MK48T87 is to be accessed. E must be kept in the 
active state during DS and AS for Motorola timing 
and during RD and W for Intel timing.j3us cycles 
which take place without asserting E will latch 
addresses but no access will occur. When Vee is 
below VPFD, the MK48T87 internally i!J..hibits access 
cycles by internally disabling the E input. This 
action protects both the Real Time Clock data and 
RAM data during power outages. 
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IRQ (Interrupt Request Output) - The IRQ pin is 
an active low output of the MK48T87 that ma~ 
used as an interrupt input to a processor. The IRQ 
output remains low as long as the status bit causing 
the interrupt is present and the cor~onding 
interrupt- enable bit is set. To clear the IRQ pin the 
processor program normally reads the C register. 
The RESET pin also clears pending interru~ 
When no interrupt conditions are present, the IRQ 
level is in the high impedance state. Multiple inter­
!:!!Pi devices may be connected to an IRQ bus. The 
IRQ bus is an open drain output and requires an 
external pull-up resistor. 

RESET (Reset Input) - The RESET pin has no 
effect on the clock, calendar, or RAM. On power-up 
the RESET pin may be held low for a time in order 
to allow the power supply to stabilize. The amount 
of time that RESET is held low is dependent on the 
application. However, if RESET is used on power 
up, the time RESET is low should exceed 200 ms 
to make sure that the internal timer which controls 
the MK48T87 on power-up has timed out. When 
RESET is low and Vee is above VPFD, the following 
occurs: 

A. Periodic Interrupt Enable (PIE) bit is cleared to 
zero. 

B. Alarm Interrupt Enable (AlE) bit is cleared to 
zero. 

C. Update Ended Interrupt Flag (UF) bit is cleared 
to zero. 

D. Interrupt Request Status Flag (IRQF) bit is 
cleared to zero. 

E. Periodic Interrupt Flag (PF) bit is cleared to zero. 

F. The device is not accessible until RESET is 
returned high. 

G. Alarm Interrupt Flag (AF) bit is cleared to zero. 

H. IRQ pin is in the high impedance state. 

I. Square Wave Output Enable (SQWE) bit is 
cleared to zero. 

J. Updated Ended Interrupt Is Cleared To Zero. 

In a typical application RESET may be connected 
to Vee. This connection will allow the MK48T87 to 
go in and out of power fail without affecting any of 
the control registers. 



ADDRESS MAP 
The Address Map of the MK48T87 is shown in 
Figure 3. The address map consists of 50 bytes of 
user RAM, 1 0 bytes of RAM which contain the RTC 
time, calendar and alarm data, and 4 bytes which 
are used for control and status. All 64 bytes can be 
directly written or read except for the following: 

Figure 3. Address Map 

00 

14 BYTES 

13 

14 

50 BYTES 

63 

TIME, CALENDAR AND ALARM LOCATIONS 
The time and calendar information is obtained by 
reading the appropriate memory bytes. The time, 
calendar and alarm are set or initialized by writing 
the appropriate RAM bytes. The contents of the ten 
time, cal~ndar and alarm bytes may be either Bi­
nary or Bmary-Coded (BCD) format. Before writing 
the int~r~al time, calendar, and alarm registers, the 
SET b1t 1n Register B should be written to a Logic 
one to prevent updates from occuring while access 
i~ being attempted. In addition to writing the ten 
t1me, calendar and alarm registers in a selected 
for~at (Binary or BCD), the data mode bit (OM) of 
Reg1ster B must be set to the appropriate logic 
level. All ten time, calendar and alarm bytes must 
use the same data mode. The set bit in Register B 
should be cleared after the data mode bit has been 
written to allow the Real Time Clock to update the 
time and calendar bytes. Once initialized, the Real 

MK48T87 

1. Registers C and D are read-only. 

2. Bit 7 of Register A is read-only. 

3. The high order bit of the seconds byte is read­
only. 

The contents of four control registers (A,B,C,D) are 
described in the "Register" section. 

00 SECONDS 

01 SECONDS ALARM 

02 MINUTES 

03 MINUTES ALARM 

04 HOURS 

05 HOURS ALARM 

06 DAY OF WEEK 

07 DAY OF MONTH 

08 MONTH 

09 YEAR 

10 REGISTER A 

11 REGISTER B 

12 REGISTERC 

13 REGISTER D 

Time Clock makes all updates in the selected 
mode. The data mode cannot be changed without 
reinitializing the ten data bytes. Table 2 shows the 
Binary and BCD formats of the ten time, calendar 
and alarm locations. The 24/12 bit cannot be 
changed without reinitializing the hour locations. 
~hen the 12-hour format is selected, the high order 
bit of the hours byte represents PM when it is a logic 
one. The time, calendar and alarm bytes are always 
accessible because they are double buffered. 
Once per second the ten bytes are advanced by 
one second and checked for an alarm condition. If 
a read of the time and calendar data occurs during 
an update, a problem exits that seconds, minutes, 
hours, etc., may not correlate. The probability of 
reading incorrect time and calendar data is low. 
Several methods of avoiding any possible incorrect 
time and calendar reads are covered later in this 
text. 
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Table 2. Calendar and Alarm Data Modes 

Address Function Decimal Range 
Location Range 

Binary Data Mode BCD Data Mode 

0 SECONDS 00-59 00-38 00-59 

1 SECONDS ALARM 00-59 00-38 00-59 

2 MINUTES 00-59 00-38 00-59 

3 MINUTES ALARM 00-59 00-38 00-59 

HOURS- 12hrs MODE 
4 

HOURS - 24hrs MODE 

HOURS ALARM- 12hrs 
5 

HOURS ALARM - 24hrs 

6 DAY OF THE WEEK (SUNDAY~1) 

7 DAY OF THE MONTH 

8 MONTH 

9 YEAR 

The three alarm bytes may be used in two ways. 
First, when the alarm time is written in the appro­
priate hours, minutes and seconds alarm locations, 
the alarm interrupt is initiated at the specified time 
each day if the alarm enable bit is high. The second 
use condition is to insert a "don't care" state in one 
or more of the three alarm bytes. The "don't care" 
code is any hexadecimal value from CO to FF. The 
two most significant bits of each byte set the "don't 
care" condition when at Logic 1 . An alarm will be 
generated each hour when the "don't care" bits are 
set in the hours byte. Similarly, an alarm is gener­
ated every minute with "don't care" codes in the 
hours and minute alarm bytes. The "don't care" 
codes in all three alarm bytes create an interrupt 
every second. 

NONVOLATILE RAM 
The 50 general purpose non-volatile RAM bytes 
are not dedicated to any special function within the 
MK48T87. They can be used by the processor 
program as non-volatile memory and are fully avail­
able during the update cycle. 
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1 - 12 01 - OC AM, 81 - 8C PM 01 - 12 AM, 81 - 92 PM 

0-23 00-17 00-23 

1 - 12 01 - OC AM, 81 - 8C PM 01 -12AM, 81-92 PM 

0-23 00-17 00-23 

1 - 7 01-07 01-07 

1 - 31 01 - 1 F 01 - 31 

1 - 12 01- DC 01 - 12 

0-99 00-63 00-99 

INTERRUPTS 
The RTC plus RAM includes three separate, fully 
automatic sources of interrupt for a processor. The 
alarm interrupt may be programmed to occur at 
rates from once per second to once per day. The 
periodic interrupt may be selected for rates from 
12211s to 500 ms. The update-ended interrupt may 
be used to indicate to the program that an update 
cycle is complete. Each of these independent inter­
rupt conditions is described in greater detail in other 
sections of this text. 

The processor program can select which interrupts, 
if any, are going to be used. Three bits in Register 
B enable the interrupts. Writing a Logic 1 to an 
interrupt-enable bit permits that interrupt to be in­
itiated when the event occurs. A "0" in an interrupt 
enable bit prohibits the IRQ pin from being asserted 
from that interrupt condition. If an interrupt..!@g is 
already set when an interrupt is enabled, IRQ is 
immediately set at an active level although the 
interrupt initiating the event may have occurred 
much earlier. As a result, there are cases where the 
program should clear such earlier initiated inter­
rupts before first enabling new interrupts. 



When an interrupt event occurs, the relating flag bit 
is set to Logic 1 in Register C. These flag bits are 
set independent of the state of the corresponding 
enable bit in Register B. The flag bit can be used 
in a polling mode without enabling the correspond­
ing enable bits. The interrupt flag bit is a status bit 
which software can interrogate as necessary. 

When a flag is set, an indication is given to software 
that an interrupt event has occurred since the flag 
bit was last read; however, care should be taken 
when using the flag bits as they are cleared each 
time Register Cis read. Double latching is included 
with Register C so that bits which are set remain 
stable throughout the read cycle. All bits which are 
set (high) are cleared when read and new interrupts 
which are pending during the read cycle are held 
until after the cycle is completed. One, two or three 
bits may be set when reading Register C. Each 
utilized flag bit should be examined when read to 
insure that no interrupts are lost. 

The second flag bit usage method is with fully 
enabled interrupts. When an interrupt flag bit is set 
and the corresponding interrupt enable bit is also 
set, the IRQ pin is asserted low. IRQ is asserted as 
long as at least one of the three interrupt sources 
has its flag and enable bits both set. The IRQF bit 
in Register Cis a one whenever the IRQ pin is being 
driven low. Determination that the RTC initiated an 
interrupt is accomplished by reading Register C. A 
logic one in Bit 7 (IRQF bit) indicates that one or 
more interrupts have been initiated by the 
MK48T87. The act of reading Register C clears all 
active flag bits and the IRQF bit. 

OSCILLATOR CONTROL BITS 

When the MK48T87 is shipped from the factory, the 
internal oscillator is turned off. This feature pre­
vents the lithium energy cell from being used until 
it is installed in system. A pattern of 01 o in bits 4 
through 6 of Register A will turn the oscillator on 
and enable the countdown chain. A pattern of 11 X 
will turn the oscillator on, but holds the countdown 
chain of the oscillator in reset. All other combina­
tions of bits 4 through 6 keep the oscillator off. 

MK48T87 

SQUARE WAVE OUTPUT SELECTION 
Thirteen of the 15 divider taps are made available 
to a 1-of-15 selector, as shown in the block diagram 
of Figure 2. The first purpose of selecting a divider 
tap is to generate a square wave output signal on 
the SQW pin. The RSO-RS3 bits in Register A 
establish the square wave output frequency. These 
frequencies are listed in Table 1. The SQW fre­
quency selection shares its 1-of-15 selector with 
the periodic interrupt generator. Once the fre­
quency is selected, the output of the SQW pin may 
be turned on and off under program control with the 
square wave enable bit (SQWE). 

PERIODIC INTERRUPT SELECTION 

The periodic interrupt will cause the IRQ pin to go 
to an active state from once every 500 ms to once 
every 122 J.!S. This function is separate from the 
alarm interrupt which may be output from once per 
second to once per day. The periodic interrupt rate 
is selected using the same Register A bits which 
select the square wave frequency (see Table 1 ). 
Changing the Register A bits affects both the 
square wave frequency and the periodic interrupt 
output. However, each function has a separate 
enable bit in Register B. The SQWE bit controls the 
square wave output. Similarly, the periodic interrupt 
is enabled by the PIE bit in Register B. The periodic 
interrupt can be used with software counters to 
measure inputs, create output intervals, or await 
the next needed software function. 

UPDATE CYCLE 

The MK48T87 executes an update cycle once per 
second regardless of the set bit in Register B. When 
the SET bit in Register Bisset to one, the user copy 
of the double buffered time, calendar and alarm 
bytes is frozen and will not update as the time 
increments. However, the time countdown chain 
continues to update the internal copy of the buffer. 
This feature allows time to maintain accuracy inde­
pendent of reading or writing the time, calendar, 
and alarm buffers and also guarantees that time 
and calendar information are consistent. The up­
date cycle also compares each alarm byte with the 
corresponding time byte and issues and alarm if a 
match or if a "don't care" code is present in all three 
positions. 
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There are three methods which can be employed 
to handle access of the Real Time Clock which 
avoids any possibility of accessing inconsistent 
time and calendar data. The first method uses the 
update-ended interrupt. If enabled, an interrupt 
occurs after every update cycle which indicates that 
over 998 ms are available to read valid time and 
date information. If this interrupt is used, the IRQF 
bit in Register C should be cleared before leaving 
the interrupt routine. 

A second method uses the update-in-progress bit 
(UIP) in Register A to determine if the update cycle 
is in progress. The UIP bit will pulse once per 
second. After the UIP bit goes high, the update 
transfer occurs 244 llS later. If a low is read on the 

UIP bit, the user has at least 244 llS before the 
time/calendar data will be changed. Therefore, the 
user should avoid interrupt service routines that 
would cause the time needed to read valid 
time/calendar data to exceed 244 llS. 

The third method uses a periodic interrupt to deter­
mine if an update cycle is in progress. The UIP bit 
in Register A is set high between the setting of the 
PF bit in Register C (see Figure 4). Periodic inter­
rupts that occur at a rate of greater than tsuc allow 
valid time and date information to be reached at 
each occurrence of the periodic interrupt. The 
reads should be complete within (TPI!2+tsuc) to 
insure that data is not read during the update cycle. 

Figure 4. Update Ended and Periodic Interrupt Relationship 

UIP BIT IN 
REGISTER A 

UF BIT IN 
REGISTER C 

PF BIT IN 
REGISTER C 

Note : \p, =Periodic Interrupt Time inte!Val per table 1. 
!sue = Delay T1me Before Update Cycle = 2441lS. 
tuc = 2ms. 
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REGISTERS 

REGISTER A 

MSB 

BIT7 BIT6 BITS BIT4 

UIP DV2 DV1 DVO 

UIP 

The Update in Progress (UIP) bit is a status flag 
that can be monitored. When the UIP bit is one, the 
update transfer will soon occur. When the UIP is a 
zero, the update transfer will not occur for at least 
244 jlS. The time, calendar, and alarm information 
in RAM is fully available for access when the UIP 
bit is zero. The UIP bit is read only and is not 
affected by RESET. Writing the SET bit in Register 
B to a "1" inhibits any update transfer and clears 
the UIP status bit. 

DVO, DV1, DV2 

These three bits are used to turn the oscillator on 
or off and to reset the countdown chain. A pattern 
of 010 is the only combination of bits which will turn 
the oscillator on and allow the RTC to keep time. A 
pattern of 11 X will enable the oscillator but holds 
the countdown chain in reset. The next update will 
occur at 1 second after a pattern of 01 0 is written to 
DVO, DV1 and DV2. 

MK48T87 

LSB 

BIT3 BIT2 BIT1 BITO 

RS3 RS2 RS1 RSO 

RS3, RS2, RS1, RSO 

These four rate-selection bits select one of the 13 
taps on the 15-stage divider or disable the divider 
output. The tap selected may be used to generate 
an output square wave (SOW pin) and/or a periodic 
interrupt. The user may do one of the following: 

1. Enable the interrupt with the PIE bit; 

2. Enable the SOW output pin with the SOWE bit; 

3. Enable both at the same time and the same rate; 
or 

4. Enable neither. 

Table 1 lists the periodic interrupt rates and the 
square wave frequencies that may be chosen with 
the RS bits. These four read/write bits are not 
affected by RESET. 
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REGISTER 8 

MSB 

BIT7 BITS BITS BIT4 

SET PIE AlE UIE 

SET 

When the SET bit is a zero, the update transfer 
functions normally by advancing the counts once 
per second. When the SET bit is written to a one, 
any update transfer is inhibited and the program 
may initialize the time and calendar bytes without 
an update occurring in the midst of initializing. 
Read cycles can be executed in a similar manner. 
SET is a read/write bit which is not modified by 
RESET or internal functions of the MK48T87. 

PIE 

The periodic interrupt enable PIE bit is a read/write 
bit which allows the Periodic Interrupt Flag (PF) bit 
in Register C to cause the IRQ pin to be driven low. 
When the PIE bit is set to on~-'-.P_eriodic interrupts 
are generated by driving the IRQ pin low at a rate 
specified by the RS3 through RSO bits of Register 
A. A zero in the PIE bit blocks the IRQ output from 
being driven by a periodic interrupt, but the Periodic 
Flag (PF) bit is still set at the periodic rate. PIE is 
not modified by any internal MK48T87 functions, 
but is cleared to zero on RESET. 

AlE 

The Alarm Interrupt Enable (AlE) bit is a read/write 
bit which when set to a one permits the Alarm Flag 
(AF) bit in register C to assert IRQ. An alarm 
interrupt occurs for each second that the three time 
bytes equal the three alarm bytes including a "don't 
care" alarm code of binary 11 XXXXXX. When the 
AlE bit is set to zero, the AF bit does not initiate 
the IRQ signal. The RESET pin clears AlE to zero. 
The internal functions of the MK48T87 do not 
affect the AlE bit. 

UIE 

The Update Ended Interrupt Enable (UIE) bit is a 
read/write bit which enables theJ:!p_date End Flag 
(UF) bit in Register C to assert IRQ. The RESET 
pin going low or the SET bit going high clears the 
UIE bit. 
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LSB 

BIT3 BIT2 BIT 1 BITO 

SQWE DM 24112 DSE 

SQWE 

When the Square Wave Enable (SQWE) bit is set 
to a one, a square wave signal at the frequency 
set by the rate-selection bits RS3 through RSO is 
driven out on the SOW pin. When the SQWE bit is 
set to zero, the SQW pin is held low; the state of 
SQWE is cleared by the RESET pin. SQWE is a 
read/write bit. 

DM 
The Data Mode (OM) bit indicates whether time and 
calendar information are in binary or BCD format. 
The DM bit is set by the program to the appropriate 
format and can be read as required. This bit is not 
modified by internal functions or RESET. A one in 
OM signifies binary data and a zero in OM specifies 
Binary Coded Decimal (BCD) data. 

24/12 

The 24/12 control bit establishes the format of the 
hours byte. A one indicates the 24-hour mode and 
a zero indicates the 12-hour mode. This bit is a 
read/write and is not affected by internal functions 
or RESET. 

DSE 

The Daylight Savings Enable (DSE) bit is a 
read/write bit which enables two special updates 
when DSE is set to one. On the first Sunday in April 
the time increments from 1 :59:59 AM to 3:00:00 
AM. On the last Sunday in October when the time 
first reaches 1 :59:59 AM it changes to 1 :00:00AM. 
These special updates do not occur when the DSE 
bit is a zero. This bit is not affected by internal 
functions or RESET. 



REGISTER C 

MSB 

BIT7 

IRQF 

IRQF 

BIT6 

PF 

BITS BIT4 

AF UF 

The Interrupt Request Flag (IRQF) bit is set to a 
one when one or more of the following are true: 

PF=PIE=1 

AF=AIE=1 

UF=UIE=1 

i.e.,IRQF=PF•PIE+AF•AIE+UF•UIE 

Any time the IRQF bit is a one the IRQ pin is driven 
low. All flag bits are cleared after Register Cis read 
by the program or when the RESET pin is low. 

PF 
The Periodic Interrupt Flag (PF) is a read-only bit 
which is set to a one when an edge is detected on 
the selected tap of the divider chain. The RS3 
through RSO bits establish the periodic rate. PF is 
set to a one independent of the state of the PIE bit. 
When both PF and PIE are one, the IRQ signal is 
active and will set the IRQF bit. The PF bit is cleared 
by a RESET or a software read of Register C. 

REGISTER D 

MSB 

BIT7 BIT6 BITS BIT4 

VRT 0 0 0 

VRT 

The Valid RAM and Time (VRT) bit is set to the one 
state by SGS-THOMSON prior to shipment. This 
bit is not writable and should always be a one when 
read. If a zero is ever present, an exhausted inter­
nallithium energy source is indicated and both the 
contents of the RTC data and RAM data are ques­
tionable. This bit is unaffected by RESET. 

MK48T87 

LSB 

BIT3 BIT2 BIT 1 BITO 

0 0 0 0 

AF 
A one in the AF (Alarm Interrupt Flag) bit indicates 
that the current time has matched the alarm time. 
If the AlE bit is also a one, the IRQ pin ~ow 
and a one will appear in the IRQF bit. A RESET or 
a read of Register C will clear AF. 

UF 

The Update Ended Interrupt Flag (UF) bit is set 
after each update cycle. When the UIE bit is set to 
one, the one in the UF bit causes the IRQF bit to 
be a one which will assert the IRQ pin. UF is cleared 
by reading Register C or a RESET. 

BIT 0 THROUGH BIT 3 

These are unused bits of the status Register C. 
These bits always read zero and cannot be written. 

LSB 

BIT3 BIT2 BIT 1 BITO 

0 0 0 0 

BIT 6 THROUGH BIT 0 

The remaining bits of Register D are not usable. 
They cannot be written and when read, they will 
always read zero. 
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ABSOLUTE MAXIMUM RATINGS* 

Symbol Parameter Value Unit 

v, Voltage On Any Pin Relative to Ground -0.3 to +7.0 v 

TA Ambient Operating Temperature 0 to +70 ·c 

Tsm Amb1ent Storage (Vee off, Oscillator off) Temperature -40 to +85 ·c 

Po Total Device Power Dissipation 1 w 

•stresses greater than those listed under "Absolute Max1mum Rat1ngs" may cause permanent damage to the dev1ce. This is a stress rating 
only and functional operat1on of the device at these or any other conditions above those md1cated in the operational section of this specification 
is not Implied. Exposure to absolute maximum rating conditions for extended penods of time may affect reliability. 

RECOMMENDED DC OPERATIONING CONDITIONS (DoC :'> T A :'> ?DoC) 

Symbol Parameter Min. Max. Unit 

Vee Supply Voltage 4.5 5.5 v 

GND Ground 0 0 v 

VIH Logic "1" Voltage All Inputs 2.2 Vee+ 0.3 v 

V1L Logic "0" Voltage All Inputs -0.3 0.8 v 

DC ELECTRICAL CHARACTERISTICS (0°C :'> TA :'> 70°C; Vee max:'> Vee:'> Vee min) 

Symbol Parameter Min. Max. Unit 

lcc1 Average Vee Power Supply Current 15 mA 

I MOT Input Current -1 500 ~ 

lJL Input Leakage Current -1 1 ~ 

loL Output Leakage Current -5 5 ~ 

VoH Output Logic "1" Voltage (louT= 1.0mA) 2.4 v 

VoL Output Logic "0" Voltage (louT= 4.0mA) 0.4 v 

CAPACITANCE (T A= 25°C) 

Symbol Parameter Max. Unit 

CL Capacitance on all pins (except D/Q) 5 pF 

Coo Capacitance on DO pms 7 pF 
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AC ELECTRICAL CHARACTERISTICS (0°C to 70°C; Vee= 4.5V to 5.5V) 

N" Symbol Parameter Min. Max. Unit 

1 !eve Cycle Time 953 D.C. ns 

2 PWEL Pulse Width, DS/E Low or RD/WR High 300 ns 

3 PWEH Pulse Width, DS/E High or RD/WR Low 325 ns 

4 lR, IF Input Rise and Fall T1me 30 ns 

8 lRWH R/W Hold Time jQ ns 

13 IRWS R/W Set-up Time Before DS/E 80 ns 

14 lcs Chip Select Set-up Time Before DS, WR or RD 25 ns 

15 lcH Chip Select Hold Time 0 ns 

18 IDHR Read Data Hold Time jQ 100 ns 

21 towH Write Data Hold Time 0 ns 

24 lASL Muxed Address Valid Time to AS/ALE Fall 50 ns 

25 IAHL Muxed Address Hold Time 20 ns 

26 lASD Delay Time DS/E to AS/ALE Fall 50 ns 

27 PWAsH Pulse Width AS/ALE High 135 ns 

28 lASED Delay Time, AS/ALE to DS/E Rise 60 ns 

30 to oR Output Data Delay Time From DS/E or RD 20 240 ns 

31 losw Data Set-up Time 200 ns 

32 lRWL Reset Pulse Width 5 JlS 

33 IIRDS IRQ Release from DS 2 JlS 

34 IIRR IRQ Release from RESET 2 JlS 
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Figure 5. Bus Timing for Motorola® Interface 
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Figure 6. Bus Timing for Intel® Interface Read Cycle 
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Figure 7. Bus Timing for Intel Interface Write Cycle 
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Figure 8. IRQ Release Timing 

DS 

RESET 

IRQ 

Figure 9. Output Load 
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Notes: 
1. All voltages are referenced to ground. 

2. All outputs are open. 

3 The MOT pin has an internal pull-down of 20K 
4 Applies to the ADO-AD? pms, the IRQ pin and the SQW pin 

when each is in the high impedance state 

5. The IRQ pin is open dra<n. 

6. Measured wrth a load as shown rn Frgure 9. 
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Figure 10. Power Up/Down Conditions 

______ \~ ______________________________ ! _____ _ 

- _tF tR- I-

I \~--
tDR 

DATA RETENTION TIME 

VA00600 

AC ELECTRICAL CHARACTERISTICS {Power Up/Down Timing) {0°C ~ TA ~ 70°C) 

Symbol Parameter Min. Max. Unit Notes 

IF VPFD to Vso Vee Fall Time 310 J.lS 

IR Vso to VPFD Vee Rtse Time 100 J.lS 

DC ELECTRICAL CHARACTERISTICS {Power Up/Down Trip Points) (0°C ~ TA ~ 70°C) 

Symbol Parameter Min. Typ. Unit Notes 

VPFD Power-Fail Deselect Voltage 4.25 v 

Vso Battery Back-up Switchover Voltage 3.2 v 

loR 
Expected Data Retention 1i me 

10 YEARS 1 
(Oscillator on) 

Note: 
1. @25°C. 
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ORDERING INFORMATION 

Example: MK48T87 B 24 

LJ l 
,-----Pa_c_k~ag-e-----,1 ,-----L--------, 

B PHDIP24 24 No User Option 

For a list of available options refer to the Selector Guide in this Data Book or the current Memory Shortform 
that will be periodically up-dated. 

For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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MK48T87A 
CMOS 64 X 8 ADDRESS/DATA MULTIPLEXED 

TIMEKEEPER SRAM 

• DROP-IN REPLACEMENT FOR PC AT COM­
PUTER CLOCK/CALENDAR 

• TOTALLY NONVOLATILE WITH 1 0 YEARS OF 
OPERATION IN THE ABSENCE OF POWER 

• SELF-CONTAINED SUBSYSTEM INCLUDES 
LITHIUM BATTERY, QUARTZ CRYSTAL AND 
SUPPORT CIRCUITRY 

• COUNTS SECONDS, MINUTES, HOURS, 
DAYS, DAY OF THE WEEK, DATE, MONTH 
AND YEAR WITH LEAP YEAR COMPENSA­
TION 

• BINARY OR BCD REPRESENTATION OF 
TIME, CALENDAR AND ALARM 

• 12 OR 24 HOUR CLOCK WITH AM AND PM IN 
12 HOUR MODE 

• SELECTABLE BUS TIMING 

• MULTIPLEX BUS FOR PIN EFFICIENCY 

• INTERFACED WITH SOFTWARE AS 64 RAM 
LOCATIONS: 
- 14 Bytes Of Clock And Control Registers 
-50 Bytes Of General Purpose RAM 

• PROGRAMMABLE SQUARE WAVE OUTPUT 
SIGNAL 

• BUS COMPATIBLE INTERRUPT SIGNALS 
(IRQ) 

• THREE INTERRUPTS ARE SEPARATELY 
SOFTWARE-MASKABLE AND TESTABLE: 
-Time-of-day Alarm Once/Second To Once/Day 
- Periodic Rates From 122 iJ.S To 500 ms 
- End Of Clock Update Cycle 

PIN NAMES 

ADO -AD7 Address I Data 

Vcc/GND 5 Volts/Ground 

E Chip Select 

AS Address Strobe 

w Read/Write 

saw Square Wave Out 

MOT Bus Type Selection 

February 1992 

PHDIP24 WITH BATIERY TOP HAT (B) 

Figure 1. Pin Connection 

MOT • P Vee I 24 

NF 2 23 p SQW 
NF 3 22 p NF 

ADO 4 21 p RCLR 
AD1 [ 5 20 p NF 

AD2 [ 6 MK48T87 A 19 p IRQ 
AD3 [ 7 18 p RESET 
AD4 [ 8 17 p DS 
AD5 [ 9 16 p NF 
AD6 [ 10 15 p w 
AD7 [ 11 14 p AS 
GND [ 12 13 p E 

VA00602 

IRQ Interrupt Request 

RESET Reset 

DS Data Strobe 

RCLR RAM Clear 

NF No Function 

NF p1n serves no funct1on and may be connected to other s1gnals 
within Absolute Maximum Ratings, without affecting device oper­
ation. The electrical characteristics are the same as the other inputs 
pins. 
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Figure 2. Block Diagram 
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_!___ 

-- BUS 

~ 
INTERFACE 

-
DESCRIPTION 

I 

¢= CLOCK/ 
CALENDAR 

~ UPDATE 

BCD/ 
BINARY 1--

INCREMENT 

The MK48T87 A TIMEKEEPER™ RAM is designed 
to be a compatible replacement for the MC 146818 
and the DS1287 A. A lithium energy source, a 
quartz crystal and write-protection circuitry are con­
tained within a 24-pin dual in-line package. The 
MK48T87A is, therefore, a complete subsystem 
replacing as many as 16 components in a typical 
application. The functions available to the user 
include a nonvolatile time-of-day clock, an alarm, a 
one-hundred-year calendar, programmable inter­
rupt, square wave generator, and 50 bytes of non­
volatile static RAM. The Real Time Clock/RAM is 
unique in that the time-of-day and memory are 
maintained even in the absence of power. 

Automatic deselection of the device provides insur­
ance that data integrity is not compromised should 
Vee fall below specified (VPFD) levels. The automat­
ic deselection of the device remains in effect upon 
power up for a period of 1 OOms after Vee rises 
above VPFD, provided the Real Time Clock is run­
ning and the count down chain is not in reset, 
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I 

USER RAM 
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sow 

IRQ 

RESET 

RCLR 

VR000840 

allowing sufficient time for Vee to stabilize and 
giving the system clock a wake up period so that a 
valid system reset can be established. 
The block diagram in Figure 2 shows the pin con­
nection with the major internal functions of 
MK48T87A (Real Time Clock/RAM). For a com­
plete description of operating conditions, electrical 
characteristics, bus timing, and pin descriptions 
other than RCLR, see the MK48T87 datasheet. 

SIGNAL DESCRIPTION 
RCLR- The RCLR pin is used to clear (set to logic 
"1") all 50 bytes of general purpose RAM but does 
not affect the RAM associated with the Real Time 
Clock. In order to clear the RAM, RCLR must be 
forced to an input Logic "0" (-0.3 to 0.8 volts) for a 
minimun of 100,ms when Vee is applied. 
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ORDERING INFORMATION 

Example: MK48T87 A B 24 

.----L---cJ L.-----------L--
Package I 

B PHDIP24 24 No User Option 

For a list of available options refer to the Selector Guide in this Data Book or the current Memory Shortform 
that will be periodically up-dated. 

For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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MK48T02 
MK48T12 

CMOS 2K x 8 TIMEKEEPER SRAM 

• INTEGRATED ULTRA LOW POWER SRAM, 
REAL TIME CLOCK, CRYSTAL, POWER-FAIL 
CONTROL CIRCUIT AND BATTERY. 

• BYTEWIDE RAM-LIKE CLOCK ACCESS. 

• BCD CODED YEAR, MONTH, DAY, DATE, 
HOURS, MINUTES AND SECONDS. 

• SOFTWARE CONTROLLED CLOCK CALIBRA­
TION FOR HIGH ACCURACY APPLICATIONS. 

• PREDICTED WORST CASE BATTERY STOR­
AGE LIFE OF 11 YEARS@ 70°C. 

• PIN AND FUNCTION COMPATIBLE WITH 
JEDEC STANDARD 2K x 8 SRAMS. 

• AUTOMATIC POWER-FAIL CHIP DESE­
LECT/WRITE PROTECTION. 

• TWO POWER-FAIL DESELECT TRIP POINTS 
AVAILABLE : 
- MK48T02 4. 75V ~ VPFD ~ 4.50V 
- MK48T12 4.50V ;:o: VPFD ~ 4.20V 

DESCRIPTION 

The MK48T02/12 TIMEKEEPER™ RAM combines 
a 2K x 8 full CMOS SRAM, a BYTEWIDE™ ac­
cessible real time clock, a crystal and a long life 
lithium carbon mono-fluoride battery, all in a single 
plastic DIP package. The MK48T02/12 is a non-vo­
latile pin and function equivalent to any JEDEC 
standard 2K x 8 SRAM, such as the 6116 or 5517. It 
also easily fits into many EPROM AND EEPROM 
sockets, providing the non-volatility of the PROMs 
without any requirement for special write timing, or 
limitations on the number of writes that can be per­
formed. 

Access to the clock is as simple as conventional 
BYTEWIDE RAM access because the RAM and the 
Clock are combined on the same die. As Figure 2 
indicates, the TIMEKEEPER registers are located 
in the upper eight locations of the RAM. The regis­
ters contain, beginning at the top: year, month, date, 
day, hours, minutes, and seconds data in 24 Hour 
BCD format. Corrections for 28, 29 (Leap Year), 30 
and 31 day months are made automatically. The 
eight location is a Control register. These registers 
are not the actual clock counters ; they are Bi­
PORT™ read/write Static RAM memory locations. 
The MK48T02/12 includes a clock control circuit 
that, once every second, transfers the counters into 
the BiPORT RAM. 

February 1992 

PHDIP24 WITH BATIERY TOP HAT (B) 

Figure 1. Pin Connection 

A7 1 • 24 P Vee 
A6 2 23 p AS 
A5 3 22 p A9 
A4[ 4 21 p w 
A3 5 20 p G 
A2 6 MK48T02 19 p A10 
A1 7 MK48T12 18 b E 

AO 8 17 p 007 
OQO 9 16 p DQ6 

001 l 10 15 p 005 
002 I 11 14 p 004 
GNO I 12 13 p OQ3 

VA00598 

PIN NAMES 

AO-A10 Address Inputs 

E Chip Enable 

GND Ground 

Vee 5 Volts 

w Write Enable 

G Output Enable 

DQO-DQ7 Data Inputs/Outputs 
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Figure 2. Block Diagram 
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DESCRIPTION (Continued) 

Because the Clock Registers are constructed using 
BiPORT memory cells, access to the rest of the 
RAM proceeds unhindered by updates to the 
TIMEKEEPER registers, even if the TIMEKEEPER 
registers are being updated at the very moment 
another location in the memory array is accessed. 

TRUTH TABLE 

Vee E G 

VIH X 
<Vce(max) V1L X 
>Vcc(mln) V1L VIL 

V1L V1H 

<VPFD(m•n) X X 
>Vso 

<;,Vso X X 

2/14 
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The MK48T02/12 also has its own Power-fail 
detect circuit. The circuit deselects the device 
whenever Vee is out of range, providing a high 
degree of data security in the midst of unpre­
dictable system operations brought on by low Vee. 

w Mode DQ 

X Deselect High-Z 
VIL Write DIN 
V1H Read Dour 
V1H Read High-Z 

X Power-Fail 
High-Z 

Deselect 

X Battery 
High-Z 

Back-up 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VJ Voltage On Any Pin Relative to Ground -0.3 to +7.0 v 
TA Ambient Operating Temperature o to +70 ·c 

TsTG Ambient Storage (Vee Off, Oscillator Off) Temperature -40 to +85 ·c 

Po Total Device Power Dissipation 1 w 

louT Output Current Per Pin 20 mA 

Stresses greater than those listed under "Absolute Mro<~mum Ratings" may cause permanent damage to the device. This is a stress rat1ng 
only and functional operation of the dev1ce at these or any other conditions above those indicated in the operational section of this specification 
is not impl1ed. Exposure to the absolute maximum ratings conditions for extended periods of t1me may affect rel1abil1ty 

CAUTION:NegatJve undershoots below -o.3 volts are not allowed on any pin wh1le in Battery Back-up mode. 

RECOMMENDED DC OPERATING CONDITIONS 
(0°C !0 T A !0 70°C} 

Symbol Parameter 

Vee Supply Voltage (MK48T02) 

Vee Supply Voltage (MK48T12) 

GND Ground 

VJH Logic "1" Voltage All Inputs 

VJL Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(0°C :s; TA :s; 70°C; Vee max~ Vee ~Vee mm) 

Symbol Parameter 

lcct Average Vee Power Supply Current 

lcc2 TIL Standby Current (E = VJH) 

lcc3 CMOS Slandby Current (E ~Vee -0.2V) 

iJL Input Leakage Current (Any Input) 

loL Output Leakage Current 

VoH Output Logic "1" Voltage (louT= -1.0mA) 

VoL Output Logic "0" Voltage (louT = 2.1 mA) 

Min. Max. 

4.75 5.5 

4.5 5.5 

0 0 

2.2 Vee+ 0.3V 

-0.3 0.8 

Min. Max. 

80 

5 

3 

-1 1 

-5 5 

2.4 

0.4 

Unit Notes 

v 1 

v 1 

v 1 

v 1 

v 1, 2 

Unit Note 

mA 3 

mA 4 

mA 4 

J.lA 5 

J.lA 5 

v 
v 
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AC TEST CONDITIONS 

Input Levels 

Transition Times 

Input and Output Timing 
Reference Levels 

CAPACITANCE 
(TA = 25°C) 

Symbol 

0.6V to 2.4V 

5ns 

O.BV or 2.2V 

Parameter 

Cl Capacitance on all pins (except D/Q) 

Co10 Capacitance on D/Q pins 

Notes: 

1. All voltages referenced to GND. 

2. Negative spikes of -1.0 volt allowed for up to 1 Ons once per cycle. 

3. lcc1 measured with outputs open. 

4. Measured With Control BitS set as follows: R = 1 ; W, ST, KS, FT = 0. 

5. Measured With Vee;;: V,;;:. GND and outputs deselected 

EQUIVALENT OUTPUT LOAD DIAGRAM 

+SV 

1.8 KS2. 

DEVICE 

UNDER 

TEST 
1.0 KS2. 

r ~~~~~~DING SCOPE 
AND JIG) 

-=--
VR200790 

Max. Notes 

7 pF 6 

10 pF 6, 7 

6. Effective capacitance calculated from the equation C = ) 11VI1 V with 11 V = 3 volts and power supply at 5 OV. 
7. Measured with outputs deselecled 
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OPERATION 
READ MODE 

The MK48T02/12 is in the Read Mode whenever 
W (Write Enable) is high andE (Chip Enable) is low. 
The device architecture allows ripple-through ac­
cess (changing Addresses without removing Chip 
Enable) to any of the 2048 address locations in the 
static storage array. Valid data will be available at 
the Data 1/0 pins within tAA after the last address 
input signal is stable, providing that the E and G 
access times are satisfied. 

Figure 3. Read-Read-Write Timing 

MK48T02, MK48T12 

If E or G access times are not yet met, valid data 
will be available at the latter of Chip Enable Access 
lime (teEA) or at Output Enable Access lime (toEA). 
The state of th~ eigh!Jhree-state Data 1/0 signals 
is controlled byE and G. If the Outputs are activated 
before tAA, the data lines will be driven to an indeter­
minate state UJ:!til t~ If the Address Inputs are 
changed while E and G remain low, output data will 
remain valid for Output Data Hold lime (toH) but 
will go indeterminant until the next tAA. 

READ READ WRITE 
~----IRC------~ ~-----IRC------~ ~------IWC-----

AO-A10 ==><"---------------lrx'!----------------"~1---------------IK= 
j-tCEA-

E~ 
1---tAA-

+--!--\AS 
1-----f----\AW-----< 

I 

t--\WR 

----+----++-------1--\----1.1 r--\WEW -1 :-r-\WR 

1-tOH- ~ I/~ 
1--tOEA- . tOEZ 

DQO-DQ7 -----------------<VALID OUT[>( )<VALID OUT 
\._ __ __/ 

AC ELECTRICAL CHARACTERISTICS (Read Cycle Timing) 
(0°C:s;TA :s; 70°C;Vccmax;e:Vee;e: Vee min) 

48102-12 48Tx2-15 48Tx2-20 

../ VALID IN 

VR000942 

48Tx2-25 
Symbol Parameter Unit Note 

Min. Max. Min. Max. Min. Max. Min. Max. 

IRe Read Cycle Time 120 150 200 250 ns 

IAA Address Access Time 120 150 200 250 ns 1 

ICEA Chip Enable Access Time 120 150 200 250 ns 1 

IOEA Output Enable Access Time 75 75 80 90 ns 1 

lcEZ Chip Enable Hi to High-Z 30 35 40 50 ns 

loEZ Output Enable Hi to High-Z 30 35 40 50 ns 

toH Valid Data Out Hold Time 15 15 15 15 ns 1 

Note : Measured usmg the Output Load Diagram shown Page 4. 
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WRITE MODE 
The MK48T02/12 is in Write Mode whenever the 
W and E inputs are held low. The start of a Write is 
refere~ed !9 the latter occurring falling edge of 
either W or E._t. Wd.te is terminated by the earlier 
rising edge of WorE. The addresses must be held 
valid throughout the cycle. WorE must return high 
for a minimum oftwR prior to the initiation of another 
Read or Write Cycle. Data-in must be valid for tos 
prior to the End of Write and remain valid for toH 
afterwards. 

Figure 4. Write-Write-Read Timing 

WRITE WRITE 

Some processors thrash producing spurious Write 
Cycles during power-up, despite apf:1lication of a 
power-on reset. Users should force W or E high 
during power-up to protect memory after Vee 
reaches Vee (min) but before the processor stabi­
lizes. 

The MK48T02/12 G input is a DON'T CARE in the 
write mode. G can be tied low and two-wire RAM 
control can be implem~nted. A low on W will disable 
the outputs twEz after W falls. Take care to avoid bus 
contention when operating with two-wire control. 

READ 

VR000795 

AC ELECTRICAL CHARACTERISTICS (Write Cycle Timing) 
(0°C :'> TA :'> 70°C; Vee max~ Vee~ Vee min) 

48T02-12 48Tx2-15 48Tx2-20 48Tx2-25 
Symbol Parameter Unit Note 

Min. Max. Min. Max. Min. Max. Min. Max. 

I we Wnte Cycle T1me 120 150 200 250 ns 

lAs Address Setup Time 0 0 0 0 ns 

lAw Address Valid to End of Write 90 120 140 180 ns 

lcEW Chip Enable to End of Write 75 90 120 160 ns 

lwEw Write Enable to End of Write 75 90 120 160 ns 

lwR Write Recovery Time 10 10 10 10 ns 

los Data Setup T1me 35 40 60 100 ns 

loH Data Hold T1me 5 5 5 5 ns 

lwEZ Write Enable Low to High-Z 40 50 60 80 ns 
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CLOCK OPERATIONS 

Reading The Clock 

Updates to the TIMEKEEPER registers should be 
halted before clock data is read to prevent reading 
data in transition. Because the BiPORT TIME­
KEEPER cells in the RAM array are only data 
registers, and not the actual counters, updating the 
registers can be halted without disturbing the clock 
itself. 

Updating is halted when a "1" is written into the 
"Read" bit, the seventh most significant bit in the 
Control Register. As long as a "1" remains in that 
position, updating is halted. After a Halt is issued, 
the registers reflect the count, that is day, date, and 
time that were current at the moment the Halt 
command was issued. All of the TIMEKEEPER 
registers are updated simultaneously. A Halt will not 
interrupt an update in progress. Updating is within 
a second after the bit is reset to a "0". 

Setting The Clock 

The eighth bit of the Control register is the "Write" 
bit. Setting the Write bit to a "1 ", like the Read Bit, 
halts updates to the TIMEKEEPER registers. The 
user can then load them with the correct day, date 
and time data in 24 Hour BCD format. Resetting 
the Write bit to a "0" then transfers those values the 
actual TIMEKEEPER counters and allows normal 
operation to resume. The KS bit, FT bit and the bits 
marked with zeros in Figure 5 must be written with 
zeros to allow normal TIMEKEEPER and RAM 
operation. 

Figure 5. The MK4BT02/12 Register Map 

DATA 
ADDRESS 

07 Ds Ds 04 Da 

7FF - - - - -
?FE 0 0 0 - -
7FD 0 0 - - -
7FC 0 FT 0 0 0 

7FB KS 0 - - -
7FA 0 - - - -

7F9 ST - - - -
7F8 w R s - -

02 

-
-
-
-
-
-
-
-
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Calibrating The Clock 

The MK48T02/12 is driven by a quartz crystal 
controlled oscillator with a nominal frequency of 
32768 Hz. The crystal is mounted in the Top Hat 
along with the battery. A typical MK48T02112 is 
accurate within ± 1 minute per month at 25°C 
without calibration. The devices are tested not to 
exceed ± 35ppm (Parts Per Million) oscillator fre­
quency error at 25°C, which equates to about 1.53 
minute per month. Of course the oscillation rate of 
any crystal changes with temperature. Figure 6 
shows the frequency error that can be expected at 
various temperatures. 

Most clock chips compensate for crystal frequency 
and temperature shift error with cumbersome trim 
capacitors. The MK48T02112 design, however, 
employs periodic counter correction. The calibra­
tion circuit adds or subtracts counts from the oscil­
lator divider circuit at the divide by 256 stage, as 
shown in Figure 7. The number of times pulses are 
blanked (subtracted, negative calibration) or split 
(added, positive calibration) depends upon the 
value loaded into the five bit Calibration byte found 
in the Control register. Adding counts speeds the 
clock up, subtracting counts slows the clock down. 

The Calibration byte occupies the five lower order 
bits in the Control register. The byte can be set to 
represent any value between 0 and 31 in binary 
form. The sixth bit is a sign bit, "1" indicates positive 
calibration, "0" indicates negative calibration. Cali­
bration occurs within a 64 minute cycle. The first 62 
minutes in the cycle may, once per minute, have 

FUNCTION 

D1 Do 

YEAR 00-99 - -
MONTH 01-12 - -

DATE 01-31 - -

DAY 01-07 - -
HOURS 00-23 - -

MINUTES 00-59 - -
SECONDS 00-59 - -

CONTROL - -

READ BIT FREQUENCY TEST 

SIGN BIT KICK START 
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one second either shortened or lengthened by 128 
oscillator cycles, that is one tick of the divide by 256 
stage. If a binary 1 is loaded into the register, only 
the first two minutes in the 64 minute cycle will be 
modified; if a binary 6 is loaded, the first 12 will be 
affected, and so on. 

Therefore, each calibration step has the effect of 
adding or subtracting 256 oscillator cycles for every 
125,829,120 (32768 x 60 x 64) actual oscillator 
cycles, that is 2.034 ppm of adjustment per calibra­
tion step ; giving the user a ±63.07 ppm calibration 
range. Assuming that the oscillator is in fact running 
at exactly 32768 Hz, each of the 31 increments in 
the Calibration byte would represent 5.35 seconds 
per month, which corresponds to a total range of 
± 2.75 minutes per month. 

Two methods are available for ascertaining how 
much calibration a given MK48T02/12 may require. 
The first involves simply setting the clock, Jetting it 
run for a month and comparing it to a known 
accurate reference (like WWV broadcasts). While 
this may seem crude, it allows the designer to give 
the end user the ability to calibrate his clock as his 
environment may require, even after the final pro­
duct is packaged in a non-user serviceable enclo­
sure. All the designer has to do is provide a simple 
untility that accesses the Calibration byte. The 
utility could even be menu driven and made fool­
proof. 

The second approach is better suited to a manu­
facturing environment, and involves the use of 
some test equipment. When the Frequency Test 
(FT) bit, the seventh-most significant bit in the Day 
register, is set to a "1 ",and the oscillator is running 
at32768 Hz, the LSB (DQo) of the Seconds register 
will toggle at a 512Hz. Any deviation from 512Hz 
indicates the degree and direction of oscillator fre­
quency shift at the test temperature. For example, 
a reading of 512.00512Hz would indicate a 
+10 ppm (1 - (512/512.00512)) oscillator fre­
quency error, requiring a -5 (0001012) to be 
loaded into the Calibration Byte for correction. Note 
that setting or changing the Calibration Byte does 
not affect the Frequency Test output frequency. The 
device must be selected and addresses must be 
stable at Address 7F9 when reading the 512 Hz on 
DQo. 

TheFT bit must be set using the same method used 
to set the clock, using the Write bit. The LSB of the 
Seconds register is monitored by holding the 
MK48T02/12 in an extended read of the Second 
register, without having the Read bit set. The FT bit 
MUST be reset to a "0" for normal clock operations 
to resume. 
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STOPPING AND STARTING THE OSCILLATOR 
The oscillator may be stopped at any time. If the 
device is going to spend a significant amount of 
time on the shelf, the oscillator can be turned off to 
minimize current drain from the battery. The "Stop" 
bit is the MSB of the Seconds register. Setting it to 
a "1" stops the oscillator. In order to make the 
oscillator as stingy with current as possible, the 
oscillator is designed to require an extra "kick" to 
begin oscillation again. The extra kick is provided 
by the Kick Start (KS) bit, the MSB of the Hours 
register. To start the oscillator, implement the fol­
lowing procedure : 

1. Set the Write Bit to "1 ". 

2. Reset the Stop Bit to "0". 

3. Set the Kick Start Bit to "1". 

4. Reset the Write Bit to "0". 

5. Wait 2 seconds. 

6. Set the Write Bit to "1 ". 

7. Reset the Kick Start Bit to "0". 

8. Set the Correct time and date. 

9. Reset the Write Bit to "0". 
Note: Leaving the KS b1t set will cause the Clock to draw excessive 
current and w1ll shorten battery life. 

Figure 6. Oscillator Frequency VS 
Temperature 
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DATA RETENTION MODE 
With Vee applied, the MK48T02/12 operates as a 
conventional BYTEWIDE static RAM. However, 
Vee is being constantly monitored. Should the sup­
ply voltage decay, the RAM will automatically 
power-fail deselect, write protecting itself when Vee 
falls within the VPFD (max), VPFD (min) window. The 
MK48T02 has a VPFD (max) - VPFD (min) window 
of 4.75 volts to 4.5 volts, providing very high data 
security, particularly when all of the other system 
components are specified to 5.0 volts plus and 
minus 10%. The MK48T12 has a VPFD (max) - VPFD 
(min) window of 4.5 volts to 4.2 volts, allo":f!ng ~sers 
constrained to a 1 0% power supply specificatiOn to 
use the device. 

Note : A mid-write cycle power failure may corrupt 
data at the currently addressed location, but does 
not jeopardize the rest of the RAM's content. At 
voltages below VPFD (min), the user can be assured 
the memory will be in a write protected state, 
provided the Vee fall time does not exceed IF. The 
MK48T02/12 may respond to transient noise 
spikes that reach into the deselect window if they 
should occur during the time the device is sampling 
Vee. Therefore decoupling of power supply lines is 
recommended. 

The power switching circuit connects external Vee 
to the RAM and disconnects the battery when Vee 
rises above Vso. As Vee rises the battery voltage 
is checked. If the voltage is too low, an internal 
Battery Not OK (BOK) flag will be set. The BOK flag 
can be checked after power up. If the BOK flag is 
set the first write attempted will be blocked. The 
flag is automatically cleared after the first write, and 
normal RAM operation resumes. Figure 9 illus­
trates how a BOK check routine could be struc­
tured. 

Normal RAM operation can resume tREe after Vee 
exceeds VPFD (max). Caution should be taken to 
keep E or W high as Vee rises past VPFD (min) as 
some systems may perform inadvertent write 
cycles after Vee rises but before normal system 
operation begins. 

MK48T02, MK48T12 

Figure 7. Adjusting the Divide by 256 Pulse 
Train 

NORMAL 

POSITIVE ~~ n n ~~ ~~ 
CALIBRATION_] L_j u L_j L_j L 

NEGATIVE ~~ ~~ ~~ 
CALIBRATION_] ~ L_j L 

V"DJOEC6 

PREDICTING BACK-UP SYSTEM LIFE 

The useful life of the battery in the MK48T02/12 is 
expected to ultimately come to an end for one of 
two reasons : either because it has been dis­
charged while providing current to an external 
load ; or because the effects of aging render the 
cell useless before it can actually be discharged. 
Fortunately, these two effects are virtually unre­
lated, allowing discharge, or Capacity Consump­
tion and the effects of aging, or Storage Life to be 
treated as two independent but simultaneous 
mechanisms, the earlier of which defines Back-up 
System life. 

The current drain that is responsible for Capacity 
Consumption can be reduced either by applying 
Vee or turning off the oscillator. With the oscillator 
off, only the leakage currents requ_ired to maintain 
data in the RAM are flowing. W1th Vee on, the 
battery is disconnected from the RAM. Because the 
leakage currents of the MK48T02/12 are so low, 
they can be neglected in practical Storage Life 
calculations. Therefore, application of Vee or turn­
ing off the oscillator can extend the effective Back­
up System life. 
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Figure 8. Power-Down/Power-Up Timing 

Vee 
VPFDimax) 

VPFD(minl 

VSO 

E or W 

DC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Trip Point Voltages) 
(0°C ~ TA ~ +70°C} 

Symbol Parameter Min. Typ. 

VPFD Power-Fail Deselect Voltage (MK48T02) 4.50 4.6 

VPFD Power-Fail Deselect Voltage (MK48T12) 4.20 4.3 

Vso Battery Back-Up Switchover Voltage 3 

AC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Timing) 
(0°C ~ TA ~ +70°C} 

Symbol Parameter Min. Typ. 

lpo E or W at V1H before Power Down 0 

IF VPFD (max) to VPFD (min) Vee Fall Time 300 

IFB VPFD (min) to Vso Vee Fall Time 10 

IRs Vso to VPFD (min) Vee Rise Time 1 

IR VPFD (min) to VPFD (max) Vee Rise Time 0 

lREC E or W at V1H after Power Up 2 

Notes: 
1. All voltages referenced to GND. 

Max. 

4.75 

4.50 

Max. 

VROll7M 

Unit Note 

v 1 

v 1 

v 1 

Unit Notes 

ns 

!lS 2 

!lS 3 

!lS 

!lS 

ms 

2. VPFD (max) to VPFD (m1n) fall times of less tF may result in deselection/write protection not occurnng untii50Jls after Vee passes VPFD (min). 

3. Vpm (min) to Vso fall t1mes of less than tFB may cause corruption of RAM data or stop the clock. 
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PREDICTING STORAGE LIFE 

Figure 10 illustrates how temperature affects Stor­
age Life of the MK48T02/12 battery. As long as Vee 
is applied or the oscillator is turned off, the life of the 
battery is controlled by temperature and is virtually 
unaffected by leakage currents drawn by the 
MK48T02/12. 

Storage Life predictions presented in Figure 10 are 
extrapolated from temperature accelerated life-test 
data collected in over 100 million device hours of 
continuing bare cell and encapsulated cell battery 
testing by SGS-THOMSON. Obviously, temperature 
accelerated testing cannot identify non-temperature 
dependent failure mechanisms. However, in view of 
the fact that no random cell failures have been 
recorded in any of SGS-THOMSON's on going bat­
tery testing since it began in 1982, we believe the 
chance of such failure mechanisms surfacing is ex­
tremely small. For the purpose of this testing, a cell 
failure is defined as the inability of a cell stabilized at 
25'C to produce a 2.4 volt closed-circuit voltage 
across a 250K ohm load resistance. 

A Special Note :The summary presented in Figure 
1 0 represents a conservative analysis of the data 
presently available. While SGS-THOMSON is most 
likely in possession of the largest collection of battery 
life data of this kind in the world, the results presented 
should not be considered absolute or final; they can 
be expected to change as yet more data becomes 
available. We believe that future read-points of life 
tests presently under way and improvements in the 
battery technology itself will result in a continuing 
improvement of these figures. 

Two end of life curves are presented in Figure 10. They 
are labeled "Average" (!so%) and (t1%). These terms 
relate to the probability that a given number of failures 
will have accumulated by a particular point in time.lf, for 
example, expected life at 70°C is at issue, Figure 10 
indicates that a particular MK48T02/12 has a 1% 
chance of having a battery failure 11 years into its life 
and a 50% chance of failure at the 20 year mark. 
Conversely, given a sample of devices, 1% of them can 
be expected to experience battery failure within 11 years 
; 50% of them can be expected to fail within 20 years. 

The t1% figure represents the practical onset of wear out, 
and is therefore suitable for use in what would normally 
be thought of as a worst-case analysis. The t50% figure 
represents "normal" or "average" life. It is, therefore, 
accurate to say that the average device will last ''lsO";,". 

Battery life is defined as beginning on the date of 
manufacture. Each MK48T02/12 is marked with a 
nine digit manufacturing data code in the form 
H99XXYYZZ, example: H99589231 is H - fabri­
cated in Carrollton, TX; 9 - assembled in Muar, 
Malaysia; 9 - tested in Muar, Malaysia; 58 - lot 
designator; 9231 - assembled in the year 1992, 
work week 31. 

MK48T02, MK48T12 

Figure 9. Checking the BOK Flag Status 

READ DATA 
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ADDRESS 

WRITE 
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NOTIFY SYSTEM 
OF LOW 
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CALCULATING PREDICTED STORAGE LIFE 
OF THE BATTERY 
As Figure 10 indicates, the predicted Storage Life 
of the battery in the MK48T02/12 is a function of 
temperature. 

Because the ambient temperature profile is depen­
dent upon application controlled variables, only the 
user can estimate predicted Storage Life in a given 
design. As long as ambient temperature is held 
reasonably constant, expected Storage Life can be 
read directly from Figure 10. If the MK48T02/12 
spends an appreciable amount of time at a variety 
of temperatures, the following equation should be 
used to estimate Storage Life. 
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Predicted Storage Life= _________________ _ 

[(TA,/TT)/SL,] + [(TA,/TT)/Sk] + ... + [(TA,/TT)/SL,] 

Where TA,, TA,, TA, =Time at Ambient Temperature 1, 2, etc. 

TT =Total Time= TA, + TA, + ... + TA, 
SL,, SL,, SL, = Predicted Storage Life at Temp 1, Temp 2, etc. (See Figure 1 0). 

EXAMPLE PREDICTED STORAGE LIFE CAL­
CULATION 

A cash register/terminal operates in an environ­
ment where the MK48T02/12 is exposed totem­
peratures of 30°C (86°F) or less for 4672 hrs/yr ; 
temperatures greater than 25°C, but less than 40°C 

(1 04°F), for 3650 hrs/yr ; and temperatures greater 
than 40°C, but less than 70°C (158°F), for the 
remaining 438 hrs/yr. 

Reading predicted tw. values from Figure 10 ; SL, = 456 yrs., SL, = 175 yrs., SL3 = 11.4 yrs. 
Total Time (TT) = 8760 hrs./yr. TA, = 4672 hrs./yr. TA, = 3650 hrs./yr. TA3 = 438 hrs./yr. 

1 
Predicted Typical Storage <: 

[(4672/8760)/456] + [(3650/8760)/175] + [(438/8760)/11.4] 

<: 126 yrs 

PREDICTING CAPACITY CONSUMPTION LIFE 

The MK48T02/12 internal cell has a nominal ca­
pacity of 39mAh. The device places a nominal 
combined RAM and TIMEKEEPER load of 1.21-lA 
on the internal battery when the clock is running 
and the device is in Battery Back-up mode. At that 
rate, the MK48T02/12 will consume the cell's ca­
pacity in 32,500 hours, or about 3.7 years. But, as 
Figure 11 shows, Capacity Consumption can be 
spread over a much longer period of time. 

Naturally, Back-up current varies with temperature. 
As Figure 12 indicates, the rate of Current Con­
sumption by the MK48T02!12 with the clock run­
ning in Battery Back-up mode is a function of 
temperature. 

Because the ambient temperature profile is de­
pendent upon application controlled variables, only 
the user can estimate consumption rates in a given 
design. As long as ambient temperature is held 
reasonably constant, expected Capacity Con-

sumption life can be estimated by reading 0% Vee 
Duty Cycle Capacity Consumption life directly from 
Figure 12, and dividing by the expected Vee Duty 
Cycle (i.e. at 25"C with a 66% Duty Cycle, Capacity 
Consumption Life= 3.7/(1-.66) = 10.9 years). 

If the MK48T02/12 spends an appreciable amount 
of time at a variety of temperatures, the same 
equation provided in the previous Storage Life 
section should be used to estimate Capacity Con­
sumption life. 

Example consumption life calculati.on 
Taking the same cash register/terminal used ear­
lier, let's assume that the high and low temperature 
periods are the non-operating, Battery Back-up 
mode periods, and that the register is turned on 10 
hours a day seven days per week. The two points 
of interest on the curves in Figure 12 will be the 
25"C and the 70"C points. 

Reading Capacity Life values from Figure 12 ; CL, = 3.7 yrs., Ck = 3.96 yrs. 
Total Time (TT) = 8760 hrs./yr. TA, = 4672 hrs./yr. TA, = 438 hrs./yr. 

Capacity Life<:---------------
[(4672/8760)/3.7] + [(438/8760)/3.96] 

<: 6.38 yrs. 
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ESTIMATING BACK-UP SYSTEM LIFE 
The procedure for estimating Back-up System Life 
is simple. Pick the lower of the two numbers. In the 
case calculated in the examples, that would be 6.38 
years. The fact is, since either mechanism, Storage 
Life or Capacity Consumption, can end the sys­
tem's life, the end is marked by whichever occurs 
first. 

MK48T02, MK48T12 

Figure 11. Typical Capacity Consumption Life at 
25"C VS. Vee Duty Cycle 
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Figure 10. Predicted Battery Storage Life Versus Temperature 
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Figure 12. Current Consumption Life over Tem­
perature with 0% Vee Duty Cycle 
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ORDERING INFORMATION 

Example: MK48T02 B 

J 
~ 

B PHDIP24 

APPLICATION NOTE : 

BINARY TO BCD, AND BCD TO BINARY CON­
VERSION 
The MK48T02/12 presents and accepts TIME­
KEEPER data in BCD format. Conversion to or 
from other formats can be executed in a single line 
of code, as the following example BASIC program 
demonstrates. 

10 REM 

20 DEF 

30 REM 

40 DEF 

12 

12 120ns 

15 150ns 

20 200ns 

25 250ns 

BINARY TO BCD 

FNA (X)= !NT (X/10)"16+X-INT 
(X/10)"10 

BCD TO BINARY 

FNB (X) = !NT (X/16) 
*1 0+(XAND15) 

For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 

For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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MK48T08 
MK48T18 

CMOS 8K x 8 TIMEKEEPER SRAM 

• INTEGRATED ULTRA LOW POWER SRAM, 
REAL TIME CLOCK, CRYSTAL, POWER-FAIL 
CONTROL CIRCUIT AND BATTERY. 

• BYTEWIDE RAM-LIKE CLOCK ACCESS. 

• BCD CODED YEAR, MONTH, DAY, DATE, 
HOURS, MINUTES AND SECONDS. 

• SOFTWARE CONTROLLED CLOCK CALIBRA­
TION FOR HIGH ACCURACY APPLICATIONS. 

• 1 0 YEARS OF DATA RETENTION IN THE AB­
SENCE OF POWER. 

• PIN AND FUNCTION COMPATIBLE WITH 
JEDEC STANDARD 8K x 8 SRAMS. 

• AUTOMATIC POWER-FAIL CHIP DESE­
LECT/WRITE PROTECTION. 

• CHOICE OF TWO WRITE PROTECT VOLT­
AGES: 
- MK48T08 - 4.50 5 VPFD 5 4.75V 
- MK48T18 - 4.20 5 VPFD 5 4.50V 

DESCRIPTION 
The MK48T08/18 TIMEKEEPER™ RAM combines 
an 8K x 8 full CMOS SRAM, a BYTEWIDE™ ac­
cessible Real Time Clock, a crystal and a long life 
lithium carbon mono-fluoride battery in a single 
plastic DIP package. The MK48T08/18 is a non­
volatile pin and function equivalent to any JEDEC 
standard 8K x 8 SRAM. It also easily fits into many 
EPROM and EEPROM sockets, providing the non­
volatility of PROMs without any requirement for 
special write timing, or limitations on the number of 
writes that can be performed. 

Access to the clock is as simple as conventional 
BYTEWIDE RAM access because the RAM and 
the clock are combined on the same die. As Figure 
2 indicates, the TIMEKEEPER registers are lo­
cated in the upper eight locations of the RAM. The 
registers contain, beginning at the top: year, month, 
date, day, hour, minutes, and seconds data in 24 
hour BCD format. Corrections for 28, 29 (Leap 
Year), 30 and 31 day months are made automati­
cally. The eighth location is a control register. 
These registers are not the actual clock counters; 
they are BiPORT™ read/write Static RAM memory 
locations. The MK48T08/18 includes a clock con­
trol circuit that, once every second, transfers the 
counter information into the BiPORT RAM. 

February 1992 

PHDIP28 WITH BATTERY TOP HAT (B) 

Figure 1. Pin Connections 

INT [ 1 • 28 Vee 
A12 [ 2 27 w 
A7 [ 3 26 E2 
A6 [ 4 25 ~ A8 
A5 5 24 0 A9 
A4[ 6 23 A11 
A3 [ 7 MK48T08 22 G 
A2 [ 8 MK48T18 21 A10 
A1 [ 9 20 E:, 

AO 10 19 p D07 
DQO 11 18 p DQ6 

001 12 17 p DQ5 

DQ2 13 16 p DQ4 

GND 14 15 p DQ3 

VA00565 

PIN NAMES 

AO-A12 Address Inputs 

DQO-DQ7 Data Inputs/Outputs 

INT Power Fail Interrupt 

E1 Chip Enable 1 

E2 Chip Enable 2 

w Write Enable 

G Output Enable 

Vcc,GND 5 Volts, Ground 

1/14 
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Figure 2. Block Diagram 
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DESCRIPTION (Continued} 

Because the Clock Registers are constructed using 
BiPORT memory cells, access to the rest of the 
RAM proceeds unhindered by updates to the 
TIMEKEEPER registers, even if the TIMEKEEPER 
registers are being updated at the very moment 

TRUTH TABLE 

Vee E, E2 G 

<Vee (max) V1H X X 

X V1L X 

v1L v1H X 

V1L V1H V1L 

>Vee (min) V1L V1H V1H 

< VPFD (min) X X X 
> Vso 

-5Vso X X X 
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another location in the memory array is accessed. 

The MK48T08/18 also has its own Power-fail De­
tect circuit. The circuit deselects the device when­
ever Vee is below tolerance, providing a high de­
gree of data security in the midst of unpredictable 
system operations brought on by low Vee. 

w Mode DQ Power 

X Deselect High Z Standby 

X Deselect H1ghZ Standby 

v1L Write D1N Active 

V1H Read Dour Active 

V1H Read HighZ Active 

X Deselect HighZ CMOS 
Standby 

Battery 
X Deselect High Z Back-up 

Mode 
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ABSOLUTE MAXIMUM RATINGS* 

Symbol Parameter Value Unit 

Po Total Power Dissipation 1.0 w 
louT Output Current per Pin 20 rnA 

Voo Voltage on any Pin Relative to GND -0.3 to +7.0 v 

TA Ambient Operating Temperature Oto 70 ·c 

TsTG Ambient Storage (Vee Off, Oscillator Off) Temperature -40 to 85 ·c 

• Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the dev1ce. Th1s is a stress rat1ng 
only and functional operat1on of the device at these or any other conditions above those ind1cated 1n the operational sect1on of this specification 
is not implied. Exposure to the absolute max1mum ratings conditions for extended periods of time may affect reliability. 

CAUTION: Negative undershoots below -0.3 volts are not allowed on any pin while in the Battery Back-up mode. 

RECOMMENDED DC OPERATING CONDITIONS 
(0°C :;:; T A :;:; + 70°C) 

Symbol Parameter 

Vee Supply Voltage (MK48T08) 

Vee Supply Voltage (MK48T18) 

GND Supply Voltage 

v1H Logic "1" Voltage All Inputs 

V1L Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(0°C:;:; TA:;:; +70°C; Veemin:;:; Vee:;:; Veemax) 

Symbol Parameter 

lcct Average Vee Power Supply Current 

lcc2 TIL Standby Current (Et = V1H or E2 = V1L) 

lcc3 CMOS Standby Current (Et = Vee -0.2V) 

hL Input Leakage Current (Any Input) 

loL Output Leakage Current 

VoH Output Logic "1" Voltage (louT= -1.0mA) 

VoL Output Logic "0" Voltage (louT= +2.1 rnA) 

VI NT INT Logic "0"" Voltage (louT= +0.5mA) 

Min. 

4.75 

4.5 

0 

2.2 

-0.3 

Min. 

-1 

-5 

2.4 

~ SGS·THOMSON A."'f/, BID©I'J@~l~©VOJ©IRJD©i0 

Max. Unit 

5.5 v 

5.5 v 

0 v 

Vee+ 0.3V v 

0.8 v 

Max. Unit 

80 rnA 

3 rnA 

3 rnA 

1 flA 

5 flA 

v 

0.4 v 

0.4 v 

Notes 

1 

1 

1 

1 

1, 2 

Notes 

3 

6 

4,6 

5 

5 
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AC TEST CONDITIONS 

Input Levels 

Transition Times 

Input and Output Timing 
Reference Levels 

OUTPUT LOAD DIAGRAM 

0.0 Vto 3.0 V 

5 ns 

1.5 v 

D.U.T 

+5V 
-.---

1.8K 
ohms 

1K 
ohms 

=:= 100pF 

CAPACITANCE 
(TA = 25°C) 

Symbol Parameter 

Notes: 

C1 Capacitance On All Pins (except DQ) 

Co Capacitance On DQ Pins 

1.AII voltages referenced to GND. 
2 Negattve sptkes of -1.0 volt allowed for up to 10 ns once per Cycle. 
3.1cc1 measured with outputs open. 
4. 1 mA typical. 
5 Measured WJth Vee~ V1;;:::: GND and outpus deselected. 
6. Measured wtth Control Bits set as follows : R = 1 , W, ST. FT = 0 

---'=-

Max. Unit 

10.0 pF 

10.0 pF 

7. Effective capacitance calculated from the equation C =I t-.t!t-.V with t-.V = 3 volts and power supply at 50 V 
B. Measured wtth outputs deselected. 
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Figure 3. Power Down/Up Timing 

Vee 
VPFD{max) 

VPFD(min) 

vso 
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VA00566 

Note: Inputs may or may not be recogmzed at this trme. Caution should be taken to keep 'E, hrgh or E, low as Vee nses pBS! VPFD(min). Some 
systems may performs Inadvertent wnte cycles after Vee nses above VPFo(min) but before normal system operations beg~ns. Even though a 
power on reset is being applied to the processor a reset condition may not occur until after the system clock rs runn~ng. 

AC ELECTRICAL CHARACTERISTICS (Power Up/Down Timing) (0°C:::; TA:::; +70°C) 

Symbol Parameter Min. Max. Units Notes 

lpo E1 or W at VrH or E2 at VrL before Power Down 0 JlS 

IF VPFD (max) to VPFD (min) Vee Fall lime 300 JlS 2 

IFB VPFO (min) to Vso Vee Fall Time 10 JlS 3 

tR VPFD(min) to VPFO (max) Vee Rise Time 0 JlS 

tRB Vso to VPFD (min) Vee Rise lime 1 JlS 

IREC E1 or W at VrH or E2 at VrL after Power Up 1 ms 

IPFX INT Low to Auto Deselect 10 40 JlS 

IPFH VPFO {max) to INT High 120 JlS 4 

DC ELECTRICAL CHARACTERISTICS (Power Up/Down Trip Points) (0°C :::; T A:::; + 70°C) 

Value 
Symbol Parameter Units Notes 

Min. Typ. Max. 

VPFO Power-fail Deselect Voltage (MK48T08) 4.5 4.6 4.75 v 1 

VPFO Power-fail Deselect Voltage (MK48T18) 4.2 4.3 4.5 v 1 

Vso Battery Back-up Switchover Voltage 3.0 v 1 

loR Expected Data Retention lime 10 YEARS 5 

Notes : 1. All voltages referenced to GND. 

2 VPFD (max) to VPFD (mm} fall time of less than IF may result rn deselectron/wnte protec~on not occurnng until 200 J!S after Vee pas-
ses VPFD (min). 

3 VPFD (min} to Vso fall time of less than tFe may cause corruption of RAM data. 
4.1NT may go high anytrme after Vee exceeds VPFD (min) and is guaranteed to go high IPFH after Vee exceeds VPFD (max). 
5.@25"C. 
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READ MODE 

The MK48T08/18 is in the Read Mode whenever 
W (Write E~able) is high, E1 (Chip Enable 1) is low, 
and E2 (Chip Enable 2) is high. The device archi­
tecture allows ripple through access of data from 
eight of 65,536locations in the static storage array: 
Thus, the unique address specified by the 13 Ad­
dress !~puts defines which one of the 8,192 bytes 
of data IS to be accessed. Valid data will be avail­
able at the Data 1/0 pins within tAvov after the last 
ad~ress input signal is stable, providing that the 
Chip Enable and Output Enable access times are 
satisfied. 

AC ELECTRICAL CHARACTERISTICS (Read Cycle) 
(0°C ~TA ~ +70°C; Vee min~ Vee~ Vee max) 

Symbol Parameter 

tE1LQX Chip Enable 1 to a Low-Z 

tE2HOX Chip Enable 2 to a Low-Z 

tAX OX Output Hold from Address 

tGLOX Output Enable to a Low-Z 

tAVAV Read Cycle Time 

tAvav Address Access Time 

tE1LQV Chip Enable 1 Access Time 

tE2HQV Chip Enable 2 Access Time 

tGLQV Output Enable Access Time 

tE1HOZ Chip Enable 1 to a H1gh-Z 

tE2LQZ Chip Enable 2 to a High-Z 

tGHQZ Output Disable to a High-Z 
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If Chip Enable or Output Enable access times are 
not yet met, valid data will be available at the latter 
of Chip Enable Access lime (tELOV) or at Output 
Enable Access lime (tGLav). The state of the eight 
three-state Data 1/0 signals is controlled by Chip 
Enable and Output Enable. If the Outputs are acti­
vated before tAvav, the data lines will be driven to 
an indeterminate state until tAvav. If the Address 
Inputs are changed while Chip Enable and Output 
Enable remain low, output data will remain valid for 
Output Hold from Address (tAxox) but will go in­
determinate until the next Address Access. 

MK48Tx8-10 MK48Tx8-15 
Unit Notes 

Min. Max. Min. Max. 

10 10 ns 

10 10 ns 

5 5 ns 

5 5 ns 

100 150 ns 

100 150 ns 

100 150 ns 

100 150 ns 

50 75 ns 

50 75 ns 

50 75 ns 

40 60 ns 
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Figure 4. Read Timing n· 1 (Address Access) 

f--------IAVAV---------1 

ADDRESS 

b;,.,av;;;;;;;:J 
DATA VALID ~~----DA_T_A_V_A-LI_D ____ _ DO 

VR000818 

Figure 5. Read Timing n· 2 

tAVAV 

* ADDRESS t IAVOV 
IE1LOV 

IE1LOX 
E, 

IE2HOV 

E2 

IE2HOX 

tGLOV 

G 

IGLOX 

DO DATA VALID 

VR000819 
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WRITE MODE 

The MK48T08/18 is in the Write Mode whenever 
Write Enable and Chip Enable are active. The start 
of a write is referenced to the latter occurring falling 
edge of W or Et or rising edge of h_A wljte is 
terminated by the earlier rising edge of W or E1, or 
the falling edge of E2. The addresses must be held 
valid throughout the cycle. E1 or W must return 
high or E2low for minimum of tE1HAX ortE2LAX prior 

AC ELECTRICAL CHARACTERISTICS (Write Cycle) 
(0°C s; TA s; +70°C; Vee min s: Vee s: Vee max) 

Symbol Parameter 

tAVWL Address Set-Up Time toW Low 

tAVE1L Address Set-Up Time 

tAVE2H 
to Chip Enable Active 

tE1HAX Write Recovery from Chip 

tE2LAX 
Enable (Address Hold Time) 

twHDX Data Hold Time 

tAVAV Write Cycle Time 

tAvwH Address Valid to W High 

twLWH Write Pulse Width 

twHAX Address Hold after End of Write 

tE1LE1H Chip Enable Acttve to 
End of Write 

tE2HE2L 

tovwH Data Valid to End of Write 

twHOX End of Write to Q Low-Z 

twLQZ W Low to Q High-Z 

Notes: 

1 In a W Controlled Cyle 
2. In a E,, E, Controlled Cycle 
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to the initiation of another read or write cycle. 
Data-in must be valid tovwH prior to the end of write 
and remain valid for twHDX afterward. 

Because G is a Don't Care in the Write Mode and 
a low on W will return the outputs to High-Z, G can 
be tied low and two-wire RAM control can be 
implement~ A low on W will disable the outputs 
twLoz after W falls. Take care to avoid bus conten­
tion when operating with two-wire control. 

MK48Tx8-10 MK48Tx8-15 
Unit Notes 

Min. Max. Min. Max. 

0 0 ns 

0 0 ns 

0 0 ns 

10 10 ns 2 

10 10 ns 2 

5 5 ns 1, 2 

100 150 ns 

80 130 ns 

80 100 ns 

10 10 ns 1 

80 130 ns 2 

80 130 ns 2 

50 70 ns 1, 2 

10 10 ns 

50 75 ns 



MK48T08, MK48T18 

Figure 6. Write Control Write Cycle Timing 

tAVAV 
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tAVWH 

tAVE1L 
'} 

tE1HAX 

E1 

tE1LE1H 

-tAVE2H- tE2LAX 

E2 

tE2HE2L 
tWHAX 

___/ 

\ tWLWH 

~f--tWLQZ 
f-----tAVWL tGLQX-

-«1-tGHQZ-

~DVI'M--tWHD~ 

'XXX/XX (\) 
I' 

DATA IN VALID 

tWHQX VROO 

DO 

0820 

Figure 7. Chip Enable Control Write Cycle Timing 

tAVAV 

ADDRESS 

tAVWH 
tE1HAX 

tE1LE1H 

tAVE1L tE2LAX 

tAVE2H 

E2 

tE2HE2L 

tWLWH 

tDVWH I tWHDX 

-------------------~------D-AT_A __ IN_V_A_L_ID-------~ 
DO 

VR000821 
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DATA RETENTION MODE 
With Vee applied, the MK48T08/18 operates as a 
conventional BYTEWIDE Static RAM. Should the 
supply voltage decay, the RAM will automatically 
power-fail deselect, write protecting itself when 
Vee falls within the VPFo(Max), Vpm(Min) window. 

Note: A mid-write cycle power failure may corrupt 
data at the currently addressed location, but does 
not jeopardize the rest of the RAM's content. At 
voltages below VPFo(Min). the user can be assured 
the memory will be in a write protected state, 
provided the Vee fall time is not less than IF. The 
MK48T08/18 may respond to transient noise 
spikes on Vee that reach into the deselect window 
if this should occur during the time the device is 
sampling Vee. Therefore decoupling of the power 
supply lines is recommended. 

The power switching circuit connects external Vee 
to the RAM and disconnects the battery when Vee 
rises above Vso. Normal RAM operation can re­
sume lREC after Vee exceeds VPFD(Max). Caution 
should be taken to keep E1 high or E2 low as Vee 
rises past VPFD (Min) as some systems may per­
form inadvertent write cycles after Vee rises but 
before normal system operation begins. 

POWER FAIL INTERRUPT 
The MK48T08/18 continuously monitors Vee. 
When Vee falls to the power-fail detect trip point of 
the MK48T08/18 an interrupt is immediately gen­
erated. An internal clock provides a delay no less 
than 1 0 J.lS but no greater than 40 J.lS before auto­
matically deselecting the MK48T08/18. The INT pin 
is an open drain ouput and requires an external pull 
up resistor. 

PREDICTING BACK-UP SYSTEM LIFE 
The useful life of the battery in the MK48T08/18 is 
expected to ultimately come to an end for one of 
two reasons: either because it has been dis­
charged while providing current to an external load; 
or because the effects of aging render the cell 
useless before it can actually be discharged. For­
tunately, these two effects are virtually unrelated, 
allowing discharge, or Capacity Consumption, and 
the effects of aging, or Storage Life, to be treated 
as two independent but simultaneous mechan­
isms, the earlier of which defines Back-up Sys­
tem life. 

The current drain that is responsible for Capacity 
Consumption can be reduced either by applying 
Vee or turning off the oscillator. With the oscillator 
off, only the leakage currents required to maintain 
data in the RAM are flowing. With Vee on, the 
battery is disconnected from the RAM. Because 
the leakage currents of the MK48T08/18 are so low, 
they can be neglected in practical Storage Life 
calculations.Therefore, application of Vee or turn-
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ing off the oscillator can extend the effective Back­
up System life. 

PREDICTING STORAGE LIFE 

Figure 8 illustrates how temperature affects Stor­
age Life of the MK48T08/18 battery. The life of the 
battery is controlled by temperature and is virtually 
unaffected by leakage currents drawn by the 
MK48T08/18. 

Storage Life predictions presented in Figure 8 are 
extrapolated from temperature accelerated life-test 
data collected in over 1 00 million device hours of 
continuing bare cell and encapsulated cell battery 
testing by SGS-THOMSON. Obviously, tempera­
ture accelerated testing cannot identify non-tem­
perature dependent failure mechanisms. However, 
in view of the fact that no random cell failures have 
been recorded in any of SGS-THOMSON's on 
going battery testing since it began in 1982, we 
believe the chance of such failure mechanisms 
surfacing is extremely small. For the purpose of 
the testing, a cell failure is defined as the inability 
of a cell stabilized at 25'C to produce a 2.4 volt 
closed-circuit voltage across a 250K load resis­
tance. 

Two end of life curves are presented in Figure 8. 
The are labeled "Average" (!so%) and (11%). These 
terms relate to the probability that a given number 
of failures will have accumulated by a particular 
point in time. If, for example, expected life at 
?O'C is at issue, Figure 8 indicates that a partic­
ular MK48T08,T18 has a 1% chance of having a 
battery failure 11 years into its life and a 50% 
chance of failure at the 20 year mark. Conversely, 
given a sample of devices, 1% of them can be 
expected to experience a battery failure within 11 
years; 50% of them can be expected to experience 
a failure within 20 years. 

The !1% figure represents the practical onset of 
wear out, and is therefore suitable for use in what 
would normally be thought of as a worst-case 
analysis. The tso% figure represents "normal" or 
"average" life. It is, therefore, accurate to say that 
the average device will last "tso%". 

Each MK48T08/18 is marked with a nine digit 
manufacturing date code in the form H99XXYYZZ, 
example: H995B9231 is H -fabricated in Carroll­
ton, TX; 9- assembled in Muar, Malaysia;; 9 -tested 
in Muar, Malaysia; 58 - lot designator; 9231 
assembled in the year 1992, work week 31. 



Calculating Predicted Storage Life of the Battery 
As Figure B indicates, the predicted Storage Life of 
the battery in the MK4BTOBI1B is a function of 
temperature. 

Because the ambient temperature profile is de­
pendent upon application controlled variables, only 
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the user can estimate predicted Storage Life in a 
given design. As long as ambient temperature is 
held reasonably constant, expected Storage Life 
can be read directly from Figure B. If the 
MK4BTOBI1B spends an appreciable amount of 
time at a variety of temperatures, the following 
equation should be used to estimate Storage Life. 

Predicted Storage Life = 1 I { [(TA1 ITT) I SL 1] + [(TA2 ITT) I SL2] + ... + [(TAN ITT) I SLN] } 

Where TA1, TA2, TAN, =Time at Ambient Temperature 1, 2, etc. 

TT =Total Time= TA1 + TA2 + ... +TAN 

SL 1, SL2, SLN = Predicted Storage Life at Temp. 1, Temp. 2, etc. (See Figure B) 

Example Predicted Storage Life Calculation 
A cash register/terminal operates in an environ­
ment where the MK4BTOBI1B is exposed to tem-per-

atures of ss·c or less for B322 hrs./yr.; and tem­
peratures greater than 60"C, but less than 70"C, for 
the remaining 43B hrs./yr. 

Reading Predicted t1% values from Figure B; SL 1 = 41 yrs., SL2 = 11.4 yrs., 

Total Time (TT) = B760 hrs./yr. TA1 = B322 hrs./yr. TA2 = 43B hrs./yr .. 

Predicted Typical Storage Life :<: 1 I { [ (B322 I B760) I 41] + [(43B I B760) 1 11.4] 

Predicted Typical Storage Life :<: 36 years 

Figure 8. Predicted Battery Storage Life Versus Temperature 
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Calculating Predicted Capacity Consumption 

The MK48T08/18 internal cell has a nominal ca­
pacity of 39mAh.The device places a nominal RAM 
and TIMEKEEPER load of less than 445nAat room 
temperature. At this rate, the Capacity Consump­
tion life is 39E-3/445E-9=87640 hours or about 10 
Years.The Capacity Consumption life can be ex­
tended by applying Vee or turning off the oscillator. 
For example, if the oscillator runs 100% of the time 
but Vee is applied 60% of the time, the Capacity 
Consumption life is 1 0/(1-.6) = 25 years. 

Estimated Back-up System Life 

Since either Storage or Capacity Consumption can 
end the Battery's life, System Life is marked by 
which-ever occurs first. 

CLOCK OPERATIONS 

Reading the Clock 

Updates to the TIMEKEEPER registers should be 
halted before clock data is read to prevent reading 
of data in transition. Because the BiPORT TIME­
KEEPER cells in the RAM array are only data 
registers, and not the actual counter, updating the 
registers can be halted without disturbing the clock 
itself. 

Updating is halted when a "1" is written into the 
"Read" bit, the seventh bit in the Control Register. 
As long as a "1" remains in that position, updating 
is halted. After a Halt is issued, the registers reflect 
the count, that is the day, date, and time that were 

Figure 9. The MK48TOB/18 Register Map 

Data 
Address 

D7 Ds Ds D4 

1FFF 

1FFE 0 0 0 

1FFD 0 0 

1FFC 0 FT 0 0 

1FFB 0 0 

1FFA 0 

1FF9 ST 

1FF8 w R s 

D3 

0 

current at the moment the Halt command was 
issued. 

All of the TIMEKEEPER registers are updated sim­
ultaneously. A Halt will not interrupt an update in 
progress. Updating is within a second after the bit 
is reset to a "0". 

Setting the Clock 

The eighth bit of the Control register is the "Write" 
bit. Setting the Write bit to a "1 ", like the Read bit, 
halts updates to the TIMEKEEPER registers. The 
user can then load them with the correct day, date 
and time data in 24 Hour BCD format. Resetting 
the Write bit to a "0" then transfers those values to 
the actual TIMEKEEPER counters and allows nor­
mal operation to resume. 

Stopping and Starting the Oscillator 

The oscillator may be stopped at any time. If the 
device is going to spend a significant amount of 
time on the shelf, the oscillator can be turned off to 
minimize current drain from the battery. The "Stop" 
bit is the MSB for the Seconds Register. Setting it 
to a "1" stops the oscillator. The MK48T08/18 is 
shipped from SGS-Thomson with the "Stop" bit set 
to a "1 ". When reset to a "0", the MK48T08/18 
oscillator starts within 3 seconds typically. Because 
of this delay, it is recommended to start the oscilla­
tor prior to setting the time. 

Function/Range 

D2 D1 Do 
BCD Format 

Year 00-99 

Month 01-12 

Date 01-31 

Day 01-07 

Hour 00-23 

Mrnutes 00-59 

Seconds 00-59 

Control 

KEYS : S = SIGN BIT FT = FREQUENCY TEST BIT R = READ BIT 
W =WRITE BIT ST =STOP BIT 0 = MUST BE WRITTEN TO 0 

12/14 
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Figure 10. 
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Calibrating the Clock 

The MK48T08/18 is driven by a quartz controlled 
oscillator with a nominal frequency of 32,768 Hz. 
The crystal is mounted in the tophat along with the 
battery. A typical MK48T08/18 is accurate within 
±1 minute per month at 25°C without calibration. 
The devices are tested not to exceed 35 PPM 
(parts per million) oscillator frequency error at 
25°C, which equates to about ± 1.53 minutes per 
month. Of course the oscillation rate of any crystal 
changes with temperature. Figure 11 shows the 
frequency error that can be expected at various 
temperatures. Most clock chips compensate for 
crystal frequency and temperature shift error with 
cumbersome trim capacitors. The MK48T08/18 
design, however, employs periodic counter correc­
tion. The calibration circuit adds or subtracts 
counts from the oscillator divider circuit at the divide 
by 128 stage, as shown in Figure 10. The number 
of times pulses are blanked (subtracted, negative 
calibration) or split (added, positive calibration) de­
pends upon the value loaded into the five bit Cali­
bration byte found in the Control Register. Adding 
counts speeds the clock up, subtracting counts 
slows the clock down. 

The Calibration byte occupies the five lower order 
bits in the Control register. This byte can be set to 
represent any value between 0 and 31 in binary 
form. The sixth bit is a sign bit; "1" indicates positive 
calibration, "0" indicates negative calibration. Cali­
bration occurs within a 64 minute cycle. The first 
62 minutes in the cycle may, once per minute, have 
one second either shortened by 128 or lengthened 
by 256 oscillator cycles. If a binary "1" is loaded 
into the register, only the first 2 minutes in the 64 
minute cycle will be modified; if a binary 6 is loaded, 
the first 12 will be affected, and so on. 

Therefore, each calibration step has the effect of 
adding 512 or subtracting 256 oscillator cycles for 
every 125,829,120 actual oscillator cycles, that is 
+4.068 or -2.034 PPM of adjustment per calibration 
step in the calibration register. Assuming that the 
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oscillator is in fact running at exactly 32,768 Hz, 
each of the 31 increments in the Calibration byte 
would represent+ 1 0. 7 or- 5.35 seconds per month 
which corresponds to a total range of +5.5 or -2.75 
minutes per month. 

Two methods are available for ascertaining how 
much calibration a given MK48T08/18 may require. 
The first involves simply setting the clock, letting it 
run for a month and comparing it to a known 
accurate reference (like WWV broadcasts). While 
that may seem crude, it allows the designer to give 
the end user the ability to calibrate his clock as his 
environment may require, even after the final pro­
duct is packaged in a non-user serviceable enclo­
sure. All the designer has to do is provide a simple 
utility that accesses the Calibration byte. The utility 
could even be menu driven and made foolproof. 

The second approach is better suited to a manu· 
facturing environment, and involves the use of 
some test equipment. When the Frequency Test 
(FT) bit, the seventh-most significant bit in the Day 
Register, is set to a "1 ", and the oscillator is running 
at 32,768 Hz, the LSB (DQO) of the Seconds Reg· 
ister will toggle at 512 Hz. Any deviation from 512 
Hz indicates the degree and direction of oscillator 
frequency shift at the test temperature. For 
example, a reading of 512.01024 Hz would indicate 
a +20 PPM oscillator frequency error, requiring a 
-10(001010) to be loaded into the Calibration Byte 
for correction. Note that setting or changing the 
Calibration Byte does not affect the Frequency test 
output frequency. The device must be selected 
and addresses must stable at Address 1 FF9 when 
reading the 512Hz on DQO. 

TheFT bit must be set using the same method used 
to set the clock, using the Write bit. The LSB of the 
Seconds Register is monitored by holding the 
MK48T08/18 in an extended read of the Seconds 
Register, without having the Read bit set. The FT 
bit MUST be reset to "0" for normal clock operations 
to resume. 
Figure 11. Frequency Error 
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ORDERING INFORMATION 

Example: MK48T08 B 10 

IL 
~okJ 

B PHDIP28 10 100ns 

15 150ns 

For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 

For further information or any aspect of this device, please contact our Sales Office nearest to you. 

14/14 
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APPLICATION NOTE 

REPLACING EEPROM WITH ZEROPOWER 

Currently there are two approaches for implement­
ing non-volatile memory that can be electrically 
altered within the system. The first is EEPROM 
(electrically erasable programmable read only 
memory). The second is battery backed-up RAM. 
Many misconceptions about battery backed-up 
RAMs have swayed system designers away from 
this technology into using EEPROMs with lower 
performance specifications. All is not lost however, 
the ZEROPOWER™ technology developed by 
SGS THOMSON Microelectronics provides a to­
tally integrated approach to battery backed-up 
RAMs, which in most cases can provide direct 
replacement of EEPROMs with an added advant­
age of upgrading system performance. 

First let's clear the air about the misconceptions 
concerning battery backed-up RAM. The integra­
tion of a long life lithium cell and the low standby 
current of CMOS RAMs have made possible data 
retention times that typically extend beyond ten 
years. Periodic replacement of batteries or battery 

Figure 1. zso Timing 
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charging circuits are no longer necessary. Power 
fail detection and switching circuitry can be inte­
grated into the same package along with RAM and 
a small button lithium cell making a complete bat­
tery backed-up system that fits into the same 
socket as conventional RAM. This system in a DIP 
(dual in-line package) has been invented and 
trademarked as ZEROPOWER technology by 
SGS-THOMSON. Extensive reliability studies of 
the ZEROPOWER technology have been under­
taken at SGS-THOMSON which demonstrate a 
highly reliable approach to non-volatile memory. 

Because microprocessors are designed to inter­
face to RAMs, a ZEROPOWER RAM provides the 
ideal replacement for conventional RAM. Figure 1 
shows a typical output timing and interface of an 8 
bit microprocessor (ZBO). RAM interface can be 
ma!:!_e by decodingM.REQ_and address information 
!Qr E, connecting RD to G, and connecting WR to 
R. 

A1S 1-------;-
A141--- E 
A13 1------- c 
A12 ,...---- 0 

~ 1---
0 f--- E 

MREO I-- E 

A10 A10 
A9 A9 
AS AS 
A7 A7 
AB AB 
AS AS 
A4 A4 
A3 A3 R c A2 A2 A p 
A1 A1 M u 

AO AO 
iii) G 

WR w 
000 000 
001 001 
002 002 
003 003 
004 004 
OOS oos 
006 006 
007 007 
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EEPROMs, on the other hand, require some mod­
ification to the write cycle. This modification can be 
as simple as adding wait cycles until a write to the 
EEPROM is completed. In this case direct replace­
ment with a ZEROPOWER RAM is possible. The 
wait cycles can be left in or eliminated to improve 
performance. 

Some early versions of EEPROMs (2816 without 
any suffix), however, require a 21 volt VPP signal. 
This type of EEPROM is programmed the same 
way conventional EPROMS are programmed. The 
only difference being that both "ones" and "zeros" 
can be programmed not just "zeros". Figure 2 
shows how complicated interface to this type of 
EEPROM can be. Replacement with a 
ZERO POWER RAM can be accomplished by elimi­
nating almost all of the external circuitry. In the 
example shown in Figure 2 only the inverter E is 

Figure 2. 2816 Interface 

DO 8 
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~~ 17 B 

OE CTRL 
sv ~ 

required for interface to a ZERO POWER RAM. For 
interfacejo a ZEROPOWER RAM t~ outpu.!...Q! 
inverter E should be connected to G, and WR 
should be connected directly to W on the 
ZEROPOWER RAM. 

In contrast, current technology EEPROMs are 5 volts 
only. There are two popular types of EEPROMs 
in production today. The are referred to as latched 
and timer EEPROMs. Latched EEPROMs latch 
both data and address on the falling (beginning) 
edge of the write pulse. Although addresses and data 
are allowed to change before the completion 
of a write cycle, write enable must be held active 
for the complete write cycle. Figure 3 shows 
latched EEPROM write timing. Timer EEPROMs, 
however, latch addresses on the falling edge of the 
write pulse and data on the rising edge. Rgure 4 
shows timer EEPROM write cycle timing. 

+SV I 
9 24 

10 DO Vee 
11 

01 

13 
02 

14 
03 

1S 
04 A 

16 
OS 

17 
06 

8 
07 

7 
AO 
A1 

6 A2 2116 s A3 
4 A4 
3 AS 
2 A6 
1 A7 

23 AB 
22 A9 
19 

A10 CEOE Vpp Vss 
18 20121~ 

I +5V 

I 
riV ""' v 

+SV =rpsv 'I I wo I 
+SV D lo +SV 

3~ 
-~ 

WR 
RSTILS 

3} zo 
Z1 

RESET 

24V 

2/4 

1054 

Q 

c 
~ ~ 

~ ·~ I ~L,r-
!>.. 
17 

-

J..:fi_ SGS·ntOMSON 
~I. li!ilO©Ill@~~~©'IT!ll@IIIJO©iii 

Q-

c 

-~: 
~ 

Tr9>-~ 
= +SV 

Vf'ODI313 



Figure 3. Latched EEPROM Write Cycle 
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Figure 4. Timer EEPROM Write Cycle 
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Latched EEPROMs are interfaced__l!!_ the system 
two ways. One, by latching the WE pulse until 
completion of the write cycle. Two by implementing 
multiple wait states to complete the write. Repla­
cing latched EEPROM can be done by eliminating 
the WE latch, allowing the write cycle to follow the 
microprocessor. Multiple wait states will have no 
effect on the ZEROPOWER RAM, however for 
system efficiency they should be eliminated. 

Timer EEPROMs are the most popular EEPROMs 
in use today because their write cycle timing is 
compatible with microprocessors that have cycle 
times in the 200 to 500 nanosecond range. The 
initialization of a timer EEPROM write cycle can be 
completed in the normal cycle time of the micropro­
cessor and the EEPROM completes the write cycle 
independent of the system. Some timer EEPROMs 
will even allow multiple successsive writes (in page 
mode) before completion of the first write. 
ZEROPOWER RAMs are directly replaceable for 
timer EEPROMs in this application and have the 

4/4 
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advantage of even faster cycle times with no page 
mode restrictions. Timer EEPROMs, however, can 
also allow data and address changes during the 
write cycle. These data and address changes are 
not permited on conventional RAM and therefore 
in this application, data and address must be exter­
nally latched before replacement with ZERO­
POWER RAM can be done. The later case is not 
industry standard for memories, and many 
systems with multiplexed address/data already 
have address and data latches for this reason. 

Note: 
Many EEPROMs require output enable to be high 
during the write cycle. With RAMs output enable is 
a "don't case" during write. In the very unlikely 
event that output enable should be used to gate the 
wnte cycle, a change in the c1rcuit needs to be 
implemented before ZEROPOWER RAM can be 
used as a replacement. 



The MK48Z02 serves many varied applications. It 
provides the ease of access for both reads and 
writes that conventional RAMs offer, as well as 
nonvolatile memory that is associated with read 
only memories. Because of this nonvolatile charac­
teristic, the MK48Z02 is often utilized as a medium 
for storage of alterable program code (firmware) as 
well as parametric data. 

This type of data is usually generated on a software 
development system and then loaded into memory 
prior to installation of the device into the final prod­
uct. Most software development systems provide 
the means of downloading code either directly into 
an EPROM device or provide a port for transferring 
this code to an external PROM programmer. The 
MK48Z02 will of course not work in an EPROM 
programming circuit because of the high voltages 
requires for EPROM write cycles. 

Figure 1 shows an inexpensive circuit, however, 
that can be used for transferring code from an 
EPROM (master) to an MK48Z02 (copy). (If data 
already exists in an MK48Z02 it also can be used 
as the master, because read cycles of the 
MK48Z02 and EPROM devices are similar). This 
circuit uses an oscillator and counter to step 
through all address locations in a binary sequence. 
The first phase of the clock (positive cycle) gener­
ates the write pulse. The second phase of the clock 
(negative edge) is used to clock the counter circuit 
to the next address. Once all addresses have been 
accessed, the next cycle will set a latch that resets 
the circuit and lights a finished light. Pushing the 
start button resets the latch and starts the se­
quence from the beginning. A switch going to Vee 
on the master and copy sockets is provided so that 
Vee can be removed when inserting or removing 
devices to insure maximum data security. Remov­
ing Vee from the MK48Z02 will deselect the device 
making all other inputs don't care, therefore inter­
mittent contact to the socket when inserting or 
removing devices will not generate spurious write 
cycles. 

Verification of data should not be a significant issue 
because the MK48Z02 does not suffer from pro­
gramming yield problems like EPROM devices do. 

AN207/0291 

APPLICATION NOTE 

PROGRAMMING THE MK48Z02 

However, if a device is suspected of having faulty 
code, verification can be accomplished on the 
EPROM programmer IN THE VERIFICATION 
MODE ONLY (caution : check with the manufac­
turer of the programmer to make sure no high 
voltages are applied to the device in the verify only 
mode). 

There is no limit to the number of times the 
MK48Z02 can be programmed, and the MK48Z02 
does not need to be erased before it can be pro­
grammed. 

MK4BZ02 Inexpensive Programmer 

• Power Supply 
-12V, 500mA 
-sleeve negative, tip positive input. 

• Fuse : 1 A, 250V. 
• LED Busy indicator. 

• Copy time under 5 seconds. 

• Test sockets for easy insertion and extraction. 

Operation 
1. Plug the AC or DC adapter into the coaxial power 

input, making sure that the polarity is correct, 
and plug in the power supply. 

2. Make sure that the power switch is in the OFF 
position before inserting the chips. 

3. Raise the levers on the test sockets, and insert 
both chips with the indicator dots on the same 
side as the levers. 
Securely clamp the levers down all the way. 

4. Switch the power ON. 

5. Depress and release the start button. The busy 
light will stay lit for about 4 seconds as the chip 
is being copied. 

6. When the light has turned off, switch the power 
off before releasing the levers on the test sock­
ets and removing the chips. 

7. Store the chips in anti-static foam. 

1/2 
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Troubleshooting 

If the MK48Z02 Programmer is not functioning 
properly, take the following steps : 

Check the fuse and replace if blown. 

Make sure the polarity on the power supply is 

Figure 1. Inexpensive MK48Z02 Programmer 
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correct. (sleeve negative, tip positive). 

Follow the operating instructions through step by 
step. 
Remove the bottom of device and make sure all 
chips are securely in their sockets. 

1Dk.fi.. ...I... 



APPLICATION NOTE 

POWER FAIL INTERRUPT OF THE MK48Z09/19 

A frequent dilemma faced by system designers is 
how to handle a power failure. Because power fail 
sensing components add real estate and cost to 
the system, some designers choose not to imple­
ment a power fail routine, allowing "the chips to fall 
where they may". This approach is frequently ra­
tionalized given the in-frequency of power failures 
and the industry drive to minimize circuit board 
space. It does not however represent an ideal 
solution. Other designers have gone to great ex­
pense to design a power fail sensing circuit only to 
find it difficult to control voltage trip points and 
experience timing requirements that are hard to 
predict. 

The MK48Z09/19 provides a solution to the power 
fail dilemma. While occupying no more board area 
than conventional memories of the same density, 
the MK48Z09/19 also offers a power fail interrupt 
output pin along with nonvolatile memory. Because 
the voltage trip point of the interrupt signal on the 
MK48Z09/19 is temperature compensated, the 
user can be assured that its operation remains 

Figure 1. Suggested MK48Z09/19 Hook Up 
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NMI 
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R/W 

ADDRESS 

DO-D7 

MPU 
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within specifications over the entire temperature 
range. The MK48Z09/19 also provides predictable 
timing. The amount of time between an interrupt 
low and a power fail write protect condition is a 
function of an internal oscillator within the 
MK48Z09/19 and therefore is independent of what 
may be happening at the system level. The only 
restriction imposed on the user is that a minimum 
Vee fall time not be exceeded. The minimum Vee 
fall time is, however, easily within the normal Vee 
fall time characteristics of most applications. 

The power fail interrupt pin of the MK48Z09/19 is 
open drain and can be easily implemented by 
connecting the interrupt signal to a non maskable 
interrupt input on the microprocessor used, thus 
initializing a short power fail routine. Because the 
MK48Z09/19 is battery backed up, the power fail 
routine can store important data and parameters. 
Sign off to data communication links and notifica­
tion of a local power failure to supervisory systems 
are also applications made possible to the local 
controller through the use of the power fail interrupt. 

INT 

w 

AO-A12 

DO-D7 

MK4BZ09/19 
VR001317 
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POWER FAIL CONDITIONS 

The MK48Z09/19 continuously monitors Vee. 
When Vee falls to the power fail detect trip point of 
the MK48Z09/19 an interrupt is immediately gen­
erated. An internal clock provides a delay no less 
than 1 O).lS but no greater than 40).lS before auto­
matically deselecting the MK48Z09/19. 

With Vee allowed to fall at its maximum rate from 
4.75V to 4.5V in 300).ls (833V/sec}, a delta voltage 
between when a power fail is detected and the 
device is deselected will be established. Because 
the maximum Vee fall rate and maximum delay 
between power fail detect and deselection are 
given values, this delta voltage can be easily cal­
culated 40).lS * 833/V = 48mV). Therefore final 
testing of the MK48Z09/19 at SGS-THOMSON can 
assure the user that the device will be deselected 
no lower than the specified Power-Fail Deselect 
(VPFD min) level, provided that th·e maximum Vee 
fall rate is not exceeded. 

With Vee fall times that stretch over a long period 
of time, the voltage at which an interrupt is gener­
ated and the voltage at which the MK48Z09/19 

Figure 2. Write Protect Application of E2 Input 

Vee 
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Notes· 

automatically deselects will approach the same 
value. Once again final testing at SGS-THOMSON 
can assure the user that a power fail detect or 
deselection will occur no higher than the specified 
Power-Fail Deselect (VPFD max) level. 

POWER UP CONDITIONS 

The MK48Z09/19, like most NVRAMs, provides 
automatic write protection under low voltage con­
ditions. Unfortunately, many processors generate 
spurious cycles during power up, despite Vee being 
within spec. Some processors even continue to 
behave erratically though their reset pin is being 
held low, until the system clock has had time to 
wake up and produce sufficient cycles to clear the 
processor. The MK48Z09/19 makes it easy to com­
bat this problem by providing an active high E2 
input (chip select). This input when tied to the reset 
line will lock out the MK48Z09/19 during the power 
on reset time, protecting the data in memory from 
being inadvertently over written with erroneous 
data. Figure 2 illustrates a simple power up reset 
scheme. 

E2 

1 
I 

MK48Z09/19 
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1 Although trip points are tested by holdmg Vee to given DC levels. the device is by no means in a static state Address. data lines, and control 
hnes are all toggling. A series of complex patterns are input to the device to ensure that worst case no1se conditions generated w1thin the 
MK48Z09/19 Will not affect trip point performance. 

2. W1th even the slowest MK48Z09/19, the 25Dns dev1ce, and the min1mum 10~s advanced warn1ng of a deselect cond1t1on, there IS enough 
t1me for 40 memory cycles to take place. The amount of MPU cycles that can take place will of course vary according to the processor used 
and programming techniques. 

3. The MK48Z09/19 can prov1de an 1nherent safe guard against a ""Brown Out"' cond1t1on i.e. Vee that droops or slowly fades below spec. or 
operatJonal limits and then comes back up AppiJcatJons requiring the interrupt pin to remain low unt1l a completion of a sequence of events 
(within 10~s). can relay on the MK48Z09/19 not to interrupt the sequence should power unexpectedly return. Once a power failure IS 
detected and the mterrupt pm goes low. the Interrupt pm Will remam low for the full10~s to 40~s penod and the dev1ce Will be accessible 
dunng th1s t1me. Therefore the power fa1l interrupt apphcat1on can not be aborted mid cycle. After the mterrupt t1me penod the Interrupt p1n 
Will go h1gh, should Vee rise in the interim, allow1ng normal operation to resume. The MK48Z09/19, however, waits for a mintmum of 30t~s 
to a max1mum of 12D~s fro"m the time Interrupt goes high until another power fail can be selected. (Should Vee remam at a level very close 
to the tnp point for an extended period of time. a number of power failures could be detected due to noise on the Vee line. Interrupt will 
always follow the above t1ming however). 
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APPLICATION NOTE 

TIMEKEEPER CALIBRATION OF THE MK48T02 

The term "quartz accurate" has become a familiar 
phrase used to describe the accuracy of many time 
keeping functions. Although quartz oscillators pro­
vide an accuracy far superior to other conventional 
oscillator designs they are, however, not perfect. 
Quartz crystals are sensitive to temperature varia­
tions. Figure 1 shows the relationship between 
temperature and accuracy of the 32. 768khz crystal 
oscillator used on the MK48T02 TIMEKEEPER™. 
Variations in resonant frequency from one crystal 
to the next also exist, although these variations 
typically do not exceed 20ppm (approx. 1 min. per 
month). 

Clocks used in applications requiring a greater 
accuracy of 1 min. per month or have an ambient 
temperature that is not centered around room tem­
perature (25°C) will need a means of calibration. 

Typically, most crystal oscillators are calibrated by 
adjusting the load capacitance of the oscillator. This 
method, while effective, has several disadvantages. 

1. It requires external components. 

2. It requires the use of test equipment (Ire- qu­
ency counter). 

3. It can increase oscillator current (an important 
factor in battery backed-up applications). 

At SGS-THOMSON Microelectronics, we believe 
these disadvantages are unacceptable. The 
MK48T02 calibrates its clock by adding or subtract­
ing pulses from the clock chain in a predictable 
manner (periodic counter correction). This method 
can be employed under software control eliminat­
ing the disadvantages of the previously stated 
method and making it end user friendly. 

Figure 1. Typical MK48T02 Oscillator Frequency vs. Temp. 
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TWO METHODS FOR CALCULATING CALI­
BRATION 
There are two methods for establishing how much 
calibration will be required in a given application. 
The first method can be easily implemented in the 
user environment allowing the average ambient 
temperature be taken into consideration. The other 
method provides a fast means of calibration at the 
OEM site. 

Empirical In System Method 
This method involves setting the clock to a known 
standard and then comparing at a fixed time later. 
The longer the time period the greater the accu­
racy. When setting the clock, all counters in the 
32.768khz to 1 second divider chain start from zero 
as soon as the write bit is released. Therefore, it is 
possible to set the clock to the standard within the 
response time of the system. 

How to calculate the amount of calibration 
necessary. 
N = number of seconds in the time period 

T = number of seconds elapsed on the MK48T02 

X = error in parts per million 

X = (T-N)/N 1 E6 

Notes: 

1. Setting the sign bit does not indrcate a ones complement 
number. SeHing the sign bit speeds up the clock. 

2. Each b1t in the calibration b1ts represents a change of 2.034 parts 
per million. 

3. Depending upon when the MK48T02 is read with respect to an 
update a one second error can occur. Make sure the time 
period for calculations is long enough so that this error beco­
mes negligible. 

Frequency Test Method 
This method is best suited for use at incoming 
inspection on a sophisticated tester or on a bench 
set up. It is not practical for in system use unless a 
means for latching address and control lines can 
be implemented because the device must be held 
in a read state for and indefinite period of time. 
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Procedure for frequency test method. 

1 . set write bit. 

2. set FT bit (DQ6 for day register). 

3. reset write bit. 

4. set address to seconds register and control lines 
for a device read. 

5. measure 512hz frequency at DQO. 

6. set write bit. 

7. reset FT bit. 

8. set correct time and calculated calibration. 

9. reset write bit. 

Notes: 

1. Instruments for measurmg frequency should be accurate to 
1 ppm for reasonable results. 

2. Error in ppm= (frequency measured-512)/512 * 1 ES. 

3. Far lure to reset theFT bit will result in gross trmekeeping errors. 

TIMEKEEPER CONTROL REGISTER 
The control register of the MK48T02 serves three 
separate functions, all within the same byte of data. 
It allows the user to write time (write bit), read time 
(read bit) and calibrate the clock. When writing or 
reading the clock care should be taken not to 
disturb the calibration data. 

When setting the write bit, data contained in the 
calibration bits will be entered into the calibration 
circuitry. Care should be taken to ensure this cali­
bration data to be valid. 

When setting the read bit, data contained in the 
calibration bits will be entered into memory only. 
This may seem harmless, however, it should be 
noted that the calibration data is not refreshed with 
a clock update. Therefore any record of valid cali­
bration data will be lost if valid calibration data is 
not included with the read bit. This is important 
because valid calibration data is needed when 
setting the write bit. 



Procedure For Setting And Resetting The Read And Write Bits 

Set Write bit. 

1 . Read contents of Control Register. 

2. Logical OR contents with the number 128. 

3. Load results into Control Register. 

Reset Write Bit. 

1 . Read contents of Control Register. 

2. Logical AND contents with the number 127. 

3. Load results into Control Register. 

Set Read Bit. 

1 . Read contents of Control Register. 

2. Logical OR contents with the number 64. 

3. Load results into Control Register. 

Reset Read Bit. 

1 . Read contents of Control Register. 
2. Logical AND contents with the number 191. 

3. Load results into Control Register. 

Example BASIC program. 

10 REM CONTROL REGISTER LOCATION 

20 A= 2040 

30 REM SET WRITE BIT 

40 POKE A, PEEK (A) OR 128 

50 REM RESET WRITE BIT 

60 POKE A, PEEK (A) AND 127 

70 REM SET READ BIT 

80 POKE A, PEEK (A) OR 64 

90 REM RESET READ BIT 

100 POKE A, PEEK (A) AND 191 

AN210 

ooxxxxxx 
OR 10000000 

10XXXXXX 

10XXXXXX 
AND 01111111 

ooxxxxxx 

ooxxxxxx 
OR 01000000 

01XXXXXX 

01XXXXXX 
AND 10111111 

ooxxxxxx 
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APPLICATION NOTE 

MEMORY MAPPED 
TIMEKEEPER REGISTERS OF THE MK48T02 

Although software is usually thought of as 
being flexible, there can be applications where 
the memory management of the system de­
fines how the memory will be utilized. Because 
the TIMEKEEPER™ registers of the MK48T02 
reside within a predetermined position within 
the memory map, this may present a problem 
in these applications. Fortunately there are 
easy solutions to this problem. 

There are several options possible for moving the 
location of the TIMEKEEPER registers within mem­
ory. The first option involves inverting one, all, or 
any combination of the eight most significant ad­
dress lines of the MK48T02. Figure 1 shows an 
example of how inverting address A10 will move 
the apparent position ofthe TIMEKEEPER from the 
top of the device memory to the middle of device 
memory (from 7F8-7FF to 3F8-3FF). 

Another option is to use higher order address lines 
(above A 1 0) to decode the chip enable input of the 
MK48T02, therefore moving the apparent location 
of the entire MK48T02 within memory. Figure 2. 

Figure 1. 
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1,0 
1,0 
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shows an example of how this can be done. With 
this technique the TIMEKEEPER registers will re­
main in consecutive locations. Combinting options 
can place the TIMEKEEPER registers in any block 
of eight bytes of memory. 

Finally, a third option would be to bank select the 
MK48T02. This method would allow the TIME­
KEEPER to become transparent to memory di­
rectly accessible from the processor. Implementing 
a bank select requires generating a pseudo ad­
dress line or lines that can be decoded with other 
address information to select the appropriate mem­
ory. The most convenient method for creating this 
pseudo address is to use an output port for this 
purpose. Microcontrollers have these ports on 
board while Microprocessors require a PIA chip to 
accomplish 1/0 functions. Figure 3 shows a typical 
Microprocessor to PIA combination that utilizes an 
1/0 port to bank select memory. The 1/0 port can 
be programmed high or low by loading a register 
within the PIA. The PIA chip is selected by decoding 
IOREQ (1/0 request). IOREQ also disables main 
memory and the MK48T02. 
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Figure 2. 
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APPLICATION NOTE 

THE MK45H03 BiPORT FIFO 16-BIT TO 8-BIT CONVERSION 

INTRODUCTION 
When SGS-THOMSON Microelectronics intro­
duced the MK4501 in 1983, it was the first high 
density FIFO with a BiPORT™ memory cell archi­
tecture. The MK4501 quickly became the industry 
standard with an organization of 512 x 9 bits, and 
included both an Empty and Full status flag. SGS­
THOMSON has extended this technology to dev­
elop a device with four times the density - the 
MK45H03. The MK45H03 has a 2K x 9-bit organi­
zation, and includes the addition of a Half Full (HF) 
status flag, as well as the Empty and Full status 
flags. Its BiPORPM RAM cell design allows simul­
taneous and asynchronous Write/Reads, and 
avoids the added ripple-through delay times of 
conventional shift register based FIFOs. As with the 
MK4501, word with and d~th expansion is easily 
achieved by using the XI and XO pins. The 
MK45H03 is pin-for-pin compatible with the 
MK4501 and MK45H01, and thus can be used as 
a density upgrade in many applications. 

Figure 1. Block Diagram 
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CIRCUIT DESCRIPTION 
As shown in Figure 1, the block diagram for this 
application concept shows an example of how to 
interface a 16-bit Microprocessor to an 8-bit periph­
eral. Due to the MK45H03's architecture, which 
provides easy width expansion, we can interface 
two MK45H03 FIFOs to a 16-bit Microprocessor for 
collecting and holding our data dumps. By using a 
small amount of additional logic, we can retrieve 
this data in consecutive 8-bit bytes. (The diagram 
in Figure 2 shows the basic idea in an equivalent 
circuit). Using the two MK45H03 FIFOs, we start 
with a 2K x 16 memory buffer as our input, and 
convert it to a 4K x 8 memory buffer output. The 
status flags will k~ us updated to le!.J!.s know 
when we are Full (FF = IQ'!{}, or Empty (EF = low). 
The Half-Full status flag (HF =low) will help to avoid 
those sudden unpredicted halts, for example, 
should there not be adequate block memory space 
available. We will also take advantage of the asyn­
chronous and simultaneous Write/Read capability 
of the MK45H03's BiPORT™ design. 

G 
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X 8 a ouT 

SELECT 
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CIRCUIT OPERATION 
The schematic diagram in Figure 3, shows that we 
will be writing 16-bit words designated as UPPER 
and LOWER 8-bit bytes, and then reading first the 
UPPER 8-bit byte, and then the LOWER 8-bit byte. 
As with~ FIFO applications, we must start with 
Reset (RS) to initialize the circuit. Remembering 
that upon reset our EF output goes active low, all 
Read cycles are ignored until the first Write cycle 
has been completed_,_Qnce a succesful Write has 
been performed, the EF output will go inactive high. 
The ideal operation would allow the Write count to 
remain at least one cycle ahead of the Read, thus 
avoiding EF from being as.§_erted active. Refer­
ring again to Figure 3, the AlB select to the data 
multiplexers via a of the D-type flip-flop, alternates 
at the end (rising edge) of each Read to get ready 
for the next Read cycle. This avoids additional gate 
delay time, as well as providing a READ strobe 
during the full R pulse width. Therefore, after Write, 
and upon the first Read, we access the UPPER 
byte (aA o-7), and alternate thereafter between the 
LOWER (as o-7) and UPPER byte with each con­
secutive Read. The flag status needs only to be 
taken from the LOWER byte FIFO since it will be 
Read last, and both are written simultaneously. Of 
course an (Empty - 1) function could be im­
plemented on the 8-bit side by using the Empty 
Flag output from the UPPER FIFO. 

Figure 2. Equivalent Circuit 

-
FF 

16 
D 

HF 

In this application we have included data_!Jus con­
trol with a fast external Output Enable (G) on the 
multiplexer. The waveform timing diagram is refer­
enced in Figure 4. Since there will be a specific 
a-valid access time from the enabled FIFO to the 
data input~ of the multiplexer, the G input can be 
tied to the R system input without any penalty. The 
timing diagram in Figure 5 displays the typical 
access times to be considered. For example, tA1 is 
the combined access time of the OR gate plus 
Read access (tA) of the MK45H03. Further defini­
tions are : tA2 = MUX a-Valid access time, tA3 = 
MUX a-Valid access time from R asserted low, 
tGLov is MUX G (Output Enable) access to a­
Valid, toH1 =a-Hold time of the FIFO, toH2 =a-Hold 
time of the MUX, and tGHOZ is output Enable to High 
Z. It should be noted that tA3 is equal to (tA1 + ~), 
where the limiting factor is tA1 not tGLQV, when G = 
R (see Figure 5). 

CONCLUSION 
This implementation presumes that Read strobes 
will be halted when the lower MK45H03 indicates 
itself empty. In this example, should the lower FIFO 
become empty, additional Read strobes will con­
tinue to toggle the select D-type flip-flop even 
though the FIFOs will not respond. Should Read­
while-Empty compatibility be required, then addi­
tional logic will be needed to disable the select 
flip-flop when the lower FIFO is empty. 

-
EF 

a 8 

2K x 16 TO 
4K X 8 FIFO 

-
R w 

G 

VR001282 

2/4 

1068 



AN218 

Figure 3. Asynchronous 16-Bit to Asynchronous 8-Bit Schematic 
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Figure 5. Access Times 
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THE MK4505 CLOCKED FIFO INTRODUCTORY CONCEPTS 

DEVICE DESCRIPTION 
The MK4505 from SGS-THOMSON Microelectroni­
cs was the industry's first asynchronous clocked 
First-In-First-Out (FIFO) memory. This very fast 
clocked FIFO supports two independent, asyn-chron­
ous, free running clock inputs, and has an organi­
zation of 1k x 5-bits with FULL, EMPTY, HALF 
FULL, ALMOST FULL, ALMOST EMPTY, DATA 
READY, and OUTPUT VALID status flags. As 
shown in the pin-out diagram in Figure 1, the 
MK4505 has two configurations : the MK4505M 
(Master) which features the full compliment of sta­
tus flags, and the MK4505S (Slave). Either device, 
however, may be used in a stand-alone mode of 
operation. The Master features an automatic write 
protect when FULL, and an automatic read protect 
when EMPTY. 

PIN NAMES 

D0-04 Data Input 

Q0-04 Data Output 

CKw, CKR Write and Read Clock 

WE1 Write Enable Input 1 

RE1 Read Enable Input 1 

RS Reset (active low) 

HF Half Full Flag 

Vee, GND 5Volts, Ground 

(4505M only) 

FF, EF Full and Empty Flag (active low) 

AF,AE Almost Full, Almost Empty Flag 

DR,QV Input Ready, Output Valid 

(4505S only) 

WE2 Write Enable Input 2 

Read Enable Input 2 
RE2 (rising edge triggered 3 state 

control) 

AN219/0291 

Figure 1. Pin Connections 
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DEVICE DESCRIPTION (Continued) 
In contrast, the Slave offers no protect circuitry, but 
can read and write continuously. Other MK4505 
features are separate read and write enable inputs 
with the ability to enable or disable read/write opera­
tions upon command in the presence of a continuous 
periodic clock train. The MK4505 is available with a 
cycle rate of 40MHz, offering a i 5ns access time. 

MK4505M/S CIRCUIT OPERATION 

The MK4505 appears to the outside world as a 
clocked D-type flip-flop with separate enable in­
puts. For example, each time a D-type flip-flop 
receives a clock, the Q output responds with the D 
input after a certain propagation time, provided 
data and enable set-up times are met prior to the 
rising edge of the clock. The MK4505 responds in 
somewhat the same manner, but offers a First-In­
First-Out, i 024 x 5-bit sized buffer. 

Referring to the block diagram schematic in Fig­
ure 2, the input stage looks like a rising edge 
triggered (CKw) D-type flop with a separate enable 
comprised of a two input AND gate. Obviously, if 
either input is LOW, then the write operation is 
disabled. The output stage is similar, clocked by 
CKR with a two input AND gate providing the read 
enable. If either input is LOW, the read operation is 
disabled. This provides the automatic read and 
write protection logic for the Master. The MK4505 
FIFO uses the BIPORT™ RAM architecture, and 
appears as a dual port SRAM between the two 1/0 
stages (see Figure 3). Internal write and read ad­
dress pointers or counters automatically provide 
the RAM with the correct addresses. Figure 4 
displays the combined logic symbol derived from 
the diagrams shown in Figures 2 and 3. 

The MK4505 moves data only with each clock 
edge, as well as updating all status flags with the 
same clock edges. Each write function latches the 
input data with the rising edge of the write clock 
CKw. The latched data is then transferred to a dual 
port RAM array. The predetermined first-in-first-out 
read sequence allows the read address counter to 
reach the stored data and present it to the input of 
the output latches before it is actually read. The 
output latches are then clocked on the rising edge 
of CKR, and valid data is available lA after the rising 
edge of the clock. Should a clock be turned off, as 
being locked LOW or HIGH, then the previous cycle 
is latched regardless of any input changes. This is 
true for the clocked D-type flip-flop, and the 
MK4505. Since the MK4505 supports asynchro­
nous read/write clock functions, then either the 
read or write clock can discontinue without affecting 
the other port's activities. 
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Even though the MK4505 is designed for systems 
potentially operating from two asynchronous free 
running square wave clocks with cycle rates up to 
40MHz, the device can be operated at much slower 
clock rates. A perfect square wave clock is not 
essential for proper device functionality. Parame­
ters that must be satisfied are the specified mini­
mum clock high and low times per the data sheet, 
and the set-up and hold times for enable inputs to 
the rising edge of the operational clocks. Clock duty 
cycle is not critical as shown in the example of 
Figure 5. Remember that the FIFO triggers from the 
rising edge of the clock, and clock transitions meet­
ing V1L and V1H specifications must be obtained. 

The MK4505M (Master) cannot be written while 
FULL, nor read while EMPTY. A FULL condition 
results only from writing all i 024 bit locations, but 
an EMPTY condition results from either a RESET 
or by reading all bit locations previously written. 
Referring to the MK4505 data sheet, First Read 
Latency (IFRL) describes the delay from the first 
write clock after empty, to the first valid rising edge 
of CKR that is guaranteed to produce the first write 
data at the Q outputs. This is the time required from 
Data In to be latched, presented to the BiPORT 
RAM array, and flow through to the output latches 
where it will be clocked to the outside world. 

CONCLUSION 

The MK4505M/S from SGS-THOMSON was the 
industry's first high performance clocked FIFO. The 
MK4505 supports two independent, asynchro­
nous, free running clock inputs. It has a i k x 5-bit 
architecture, and offers a i 5ns access time with a 
40 MHz clock rate. The device features both read 
and write enable controls in the presence of con­
tinuous read and write periodic clock trains. 

The MK4505 is available in two versions as a 
Master or Slave. This provides for easy width and 
depth expansion FIFO array configurations. The 
MK4505M Master provides a full compliment of 
status flags, as well as providing all necessary 
controls for width and depth expansion. A 
MK4505M is required for each 1 k of depth, and a 
MK4505 Slave for each additional 5 bits of width. 
Either device may be used separately with certain 
system applications. The MK4505M cannot be writ­
ten while FULL, or read when EMPTY ; whereas, 
the MK4505S can be forced to read and write 
continuously regardless of device status. Both de­
vices use SGS-THOMSON BiPORT RAM based 
memory cell allowing simultaneous read/write op­
erations, and offer full TTL compatibility. 
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Figure 2. Block Diagram Schematic 
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Figure 4a. MK4505M Logic Symbols 
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APPLICATION NOTE 

USING THE MK4505 CLOCKED FIFO AS A DIGITAL DELAY 

INTRODUCTION 
The MK4505 was the first FIFO to support two 
independent, asynchronous, free running clock in­
puts. The MK4505 clocked interface makes high 
performance designs much simpler, eliminating the 
need for external registers, buffers, or pulse shap­
ing circuits. The MK4505 is available in two config­
urations : the MK4505M (Master) and the 
MK4505S (Slave). This allows very simple width 
and depth expansion using one MK4505M for each 
1024 bits of depth, and one MK4505M with one 
MK4505S for each additional 5-bits of width. Be­
cause it is BiPORT™ RAM based, it is not subject 
to the ripple-through delay times of conventional 
shift register type FIFOs. The MK4505 is suitable 
for applications with cycle rates up to 40MHz. 

CIRCUIT DESCRIPTION 
In the block diagram shown in Figure 1, we have 
displayed a 1 k by 1 0 configuration that would be 
typical of a high performance digital video delay 
application. Of course narrower or wider bit fields 
can be accomplished just as easily. The MK4505M 
provides all additional enables to the MK4505S, 
with WE1 going to both devices, into the counter 
circuit, and thus generating the Read Port Enable 
(RE1) once the desired count is reached. 

CIRCUIT OPERATION 
For the following application, we have shown an 
example for digital data delay in a system using one 
free running clock (0 clock) for CKW and CKR, and 
one Write/Read (WE1) control clock, with a pro­
grammable counter for determining the desired 
delay from 2 to 1022 cycles. In this particular 
example, we have shown the maximum delay al­
lowed to avoid the FF (Full Flag) from being as­
serted low (see Figure 2). The output of the counter 
circuit serves a two-fold purpose. First it provides 
the enable logic to the ENT pin fort he first stage of 
the counter. Presetting the counter to 402HEX, 
assures that QC of the counter's third stage is set 
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high, which sets the ENT enable of the first stage 
at the beginning of the count sequence. Secondly, 
the counter circuit provids an active high RE1 to the 
FIFOs enabling the delayed READ for output data 
once the count of 1022 (Full -2) has been reached. 

After power-up and Reset (RS), preset the counter 
circuit by presenting 402 HEX (01 000000001 0) 
through the ABCD inputs while strobing LOAD 
active low. The 7 4161 4-bit counter to the far left is 
the first stage. The system clock (0clock) goes to 
each of the clock inputs of the counter circuit, WE1 
is ENP enable, and RCO goes to each successive 
device ENT enable ; with the exception of the first 
stage which is enabled via the QC output of the final 
stage (loaded high during preset). Once the 
counter circuit has reached the count of 800 HEX, 
which is the delay count of 1 022 as (Full -2) for the 
MK4505, the QD output of the third stage is set 
which enables the delayed Read Port (RE1 =high) 
to the MK4505 1 K x 10 configuration. At the same 
time that QD is set, the QC output of the third stage 
is cleared, inhibiting count of the counter circuit. 
Since the Read Port Enable (RE1) is latched 
active high, continuous Write/Reads are allowed on 
each successive rising edge of 0clock (see Figures 
3 and 4). The circuit will maintain a constant 1022 
cycle delay until the next asynchronous Reset oc­
curs. 

PROGRAMMING DELAY INTERVAL 

In conclusion, we have calculated a digital data 
delay of 1 022 cycles. This is accomplished by 
realizing that setting QD of the third stage allows 
our maximum count to be 800 HEX (2048). Preset 
is determined by subtracting the desired delay nnn 
HEX from 800. Thus for this example it is (800 -
3FE HEX), which is 402. The decimal equivalent 
can also be used where ddd is the desired delay 
as (2048- ddd) = DODD. Preset is DODD. Convert 
DODD to nnn HEX. The final step is converting nnn 
HEX to its BINARY equivalent for the ABCD inputs 
during preset. 
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Figure 1. Block Diagram - Data Delay 1 K x 1 O-bits 
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Figure 2. Write/Read Timing - Latest Possible First Read to Prevent Full Flag Assertion 
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Figure 3. Counter Delay Schematic 
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Figure 4. Delay Timing Diagram 

COUNTER 
PRESET 
1402 161 

f/lCLOCK -f~~~~UNTERI 
402 40E 40F 410 4FE 4FF 500 7EF 7FF 800 <:~~J) 

WE1 -f ""'f---------/'/---------t'f-----------(4505) 
;-/ WRITE 110211 11022) 110231 

RC0 8 -f/----------f.,_____J1__,r-----FL--

oc -lf-----------1'/--------/,'/-'----, 
COUNT INHIBIT 

OD/RE1 -ff-----------1'/--------/,'/------' RE1 LATCHED 

vR:01295 

RE1 

Note: Tim1ng d1agram presumes preset of40216 (1026) after reset, and full count of 1022 to latch re1 h1gh when reachrng 800" (2048). 

3/3 

1077 





APPLICATION NOTE 

THE MK4505 LATCHED FLAG DESIGN CONSIDERATIONS 

INTRODUCTION 

The MK4505M/S (Master/Slave) is a high speed 
clocked FIFO from SGS-THOMSON Microelectro­
nics. The MK4505 offers high performance, high 
density First-In-First-Out operation, and supports 
two asynchronous periodic clock inputs for 
write/read operations. Using the master/slave con­
cept, the MK4505's 1 K x 5 architecture is easily 
width and/or depth expandable, with all control and 
flag signals provided by the MK4505 Master. This 
type of organization allows ease of use to the 
system designer, avoids word skew in width expan­
sion, and provides write protection when Full, and 
read protection when Empty. In addition to Full and 
Empty detection, the MK4505 provides three addi­
tional status flags for early warning as : AE (Almost 
Empty), AF (Almost Full), and HF (Half Full). The 
MK4505 also provides separate write and read 
enable inputs which allows the write/read oper­
ations to be enabled or disabled upon command in 
the presence of a continuous periodic clock. 

The purpose of this application brief to discuss the 
latch function of the MK4505's EF (Empty Flag) and 
FF (Full Flag), proper operation, and design con­
siderations. The latched flag function can cause 
subtle unexpected flag status operations when 
compared to previous ripple-through FIFO devices. 
This applies to both asynchronous and simu~a­
neous write/read functions. Understanding how the 
flags operate and why, will enable the system 
designer to correctly manipulate the flag logic for 
proper system operation. 

DEVICE OPERATION 

As a brief review, the MK4505 appears to the 
outside world as a clocked 0-type flip-flop with 
enable inputs. (Refer to the MK4505 application 
brief Introductory Concepts). Data on the D input is 
clocked through the flip-flop, and presented to the 
Q output at some propagation time (access time), 
and remains stable (data is held valid) until the next 
rising clock edge. The MK4505 functions in much 
the same manner, allowing 1024 bits of information 
to be "clocked through" in a First-In-First-Out 
fashion. The MK4505 also provides a full compli­
ment of status flags dependent upont the rising 
edges of the write and read clocks. Figures 1 and 2 
display the logic symbols for the MK4505 Master and 
Slave. 
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Figure 1. MK4505M Logic Symbols 
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Figure 2. MK4505S Logic Symbols 
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The MK4505 can only perform a valid write oper­
ation at the rising edge of CKw, or a valid read 
operation at the rising edge of CKR. Updates to all 
status flags are also dependent upon either CKw 
or CKR, but not both clocks together. The EF 
(Empty Flag) status can only be updated with the 
rising edge of CKR, while the FF (Full Flag) status 
can only be updated with the rising edge of CKw. 
Therefore, using the D-type flip-flop analogy, we 
conclude that these status flags are latched on a 
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Figure 3. Latched Flag Logic Diagram 

FULL 
OR 

(EMPTY) 
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rising clock edge, and cannot change logic states 
until another clock edge occurs (refer to Figure 3). 
This is an important concept for design consider­
ations when using status flag logic states to signal 
a processor or PAL, for example, to initiate or 
interrupt predefined system operations. It makes 
the system designer's job easier because it en­
sures proper set-up and hold times referenced to 
the rising edge. It also promises that the flag's logic 
state will remain valid for at least one complete cycle. 

EDGE TRIGGERED STATUS 

Let's presume that in our application we want to 
write the FIFO until Full, then disable write oper-

Figure 4. Clock Control Block Diagram (not 
suggested) 
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CLOCK 

CKw 

FF 

READ 
CLOCK 

E 
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ations and read until Empty. In addition, we find that 
it would take fewer logic gates to turn CKR and CKw 
on or off than gating read (RE1) and write (WE1) 
enable inputs. (Figures 4 and 5 are simplified 
block examples for enable or clock control for a 
write-to-full, read-to-empty sequence). However, 
this can set the stage for unexpected flag status if 
both clocks are not active. The MK4505 can be 
operated in this manner, and deliver correct data in 
a first-in-first-out manner, but the designer must 
remember the latched flag philosophy. Specifically, 
one can write the MK4505 until Full where FF is 
latched low, and still maintain a valid empty condi­
tion with EF active low. This can happen .Qy_ turning 
CKwon and CKR off, as CKR updates the EF status. 
On the other hand, let's presume that we allow both 
clocks to run until full, and then disable the write 
clockJQKw). We will find the same type of dilemma 
with FF remaining active low while clocking CKR 
until the FIFO is empty. This would result again in 
both flags being set active low. Therefore, to ensure 
proper flag operation the system designer should 
use the write and read enable inputs when gating 
write/read operations. 

Previous ripple-through FIFOs, suc.h__as the 
MK4501 and MK4503, allow FF and EF status 
updates as soon as an operation to clear or set the 
flag is accomplished. The MK4505, however, must 
determine the operation that clears or sets the flag, 
and then receive a rising edge clock (CKw or CKR) 
to update the flag's status. This is necessary for a 
clocked system environment, and again ensures 
set-up and hold times into the next cycle. Referring 
to the MK4505 data sheet, one will notice that DR 
(Data Ready) follows FF directly, and QV (Output 

Figure 5. Enable Control Block Diagram 
(suggested) 
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WRITE 
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CONTROL 
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Figure 6. True Empty Flag Operation 

11 12 13 
; ; ; 
:wRITE :wRITE :wRITE 

CKw 

' ' ' ' ' ' ' ' ' ' ' 01 ' ' 02 ' ' 03 

WEI ' 
' ' ' ' ' ' ' ' ' ' ' 

' 
:INHIBIT :uPDATE :READ 

CKR 

01 

REI 

EF 

Valid) follows EF by one__QYcle. A!!J9 say that these 
flags are latched with EF and FF as well. Their 
design function constitutes the handshake control 
for depth expansion. 

TRUE FLAG OPERATION 

As with other FIFOs, the MK4505 requires a reset 
pulse to initialize all internal counters before normal 
operation begins. Since the EF is latched active low 
after reset. two read clocks are needed to gate valid 
data out of the FIFO. The first rising edge of CKR 
to occur tFFL (First Flag Latency) after the first write 
will clear the Empty Flag (EF = high) within tF1A· 
Read clocks less than IFFL after the first write may 
clear the EF, but are not guaranteed. The second 
rising edge of CKR to ocur IFRL (First Read Latency) 
after the first write will gate valid data onto the 
outputs provided RE1 is active high. This is the 
expected "fall through" delay time, and is calculated 
as : Is + IFRL + lA. This is true for asynchronous 
or simultaneous write/read operations. It should be 
noted that the RE1 input should be held inactive 
until tFFL has been satisfied, thereby observing the 
IFRL parameter. This will ensure true EF operation ; 
see Figure 6. (Although WE1 is clocked in this 
example, it is not mandatory for proper device 
operation noted by RE1). 

If the MK4505 is written to full where FF is latched 
low, two write clocks are required before more data 
is written into the FIFO. The rising edge of CKw on 
the last available .Qy_te of data latches the FF low 
within IF1A· Once FF is latched low, the first rising 
edge of CKw to occur after the first valid read will 
clear the FF status (FF = high). The second rising 
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edge of CKw will write data into the FIFO provided 
WE1 is active high. These latched flag functions are 
a benefit of the MK4505's clocked design, and 
pipeline architecture. They provide write protection 
when full, and read protection when empty. 

FALSE FLAG AMBIGUITY 

There are certain situations and conditions that can 
result in improper device operation and probable 
unexpected status flag results. These conditions 
can occur with the EF or FF during asynchronous 
or simultaneous write/read operations. The worse 
case scenario being simultaneous write/read oper­
ations when near or at Empty or Full. Remembering 
that this is an edge triggered device that latches 
logic states by using a pipeline architecture, the 
internal arbiter will give priority to the read operation 
when a simultaneous write/read cycle occurs on 
the last byte of data. This results in the EF being 
latched low even though a valid write occurred at 
the same time. This is the design definition for the 
EF flag in a pipeline architecture being updated on 
the rising edge of CKR. The actual last byte of data 
must be read without a simultaneous write, as this 
can "trap" one byte of data in the Fl FO until a 
subsequent valid write is detected, the tFFL par­
ameter is again satisfied to CKR, and EF is cleared 
(EF =high). 

This can be best explained by the diagram in 
Figure 7. If all operations were truly simultaneous, 
the false EF would not occur. In an actual system, 
however, the rising edges of CKw and CKR can 
become slightly skewed by a few nanoseconds in 
a simultaneous write/read operation. In the False 
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Figure 7. False Empty Flag 
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Flag Diagram, the rising edge of CKR is presumed 
to occur slightly after CKw at t1 , and slightly before 
CKw at t3. The EF update circuitry is annulled at t2 
because EF §_high, and waits to determine a valid 
write while EF is low. This example results in 
improper device operation as tFFL and tFRL are not 
satisfied, and an unexpected EF status is dis­
played. Therefore, if RE1 is kept disabled ts prior to 
t3 as in the True Flag diagram, or if CKR occurs just 
before or exactly with CKw at t1, then tFFL is satis­
fied at t2, tFRL is observed att3, and the unexpected 

Figure 8. False Full Flag 
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empty condition will not occur. The EF flag will 
function as anticipated without "trapping" data by 
allowing the writes to stay one ahead of the reads. 
This allows successful data transmission with 
asynchronous or simultaneous write/read cycles. 

Since EF and FF are both latched flags, the same 
type of false flag can be encountered with the FF. 
Referring to Figure 8, one can see that a simulta­
neous write/read on the last available write results 
in FF being latched low even though a valid read 
occurred at the same time. Due to the pipeline 

t4 tS 16 

:~~~:TE ~WRITE ' 
:WRITE 

VR001304 



design, the arbiter gives___Qfiority to the write, thus 
latching the FF low. The FF will not be cleared until 
a subsequent rising ~e of CKw occurs after the 
first valid read. The FF update circuitry is annulled 
at t2 because FF is high, and waits to determine a 
read while FF is low. This is the design definition 
for the latched Full Flag in a pipeline architecture 
being updated by CKW. 

SUMMARY 

The MK4505 clocked FIFO provides latched Empty 
and Full flags guaranteeing a stable logic state for 
at least one complete cycle. This allows ease of use 
in a clocked system environment by ensuring that 
set-up and hold times are met for a subsequent 
cycle__!!:) reference to the system clock. Since FF 
and EF provide the MK4505 with automatic write 
protection when Full, and read protection when 
Empty, the designer needs to understand their 
design definition for proper device operation. When 
com par~ to previous ripple-through FIFOs, the 
latched EF and FF can result in an unexpected or 
false flag status. In reference to the latched Empty 
Flag, should the EF logic present a problem of 
trapping data in a given clocked system as pre-

AN221 

viously described, the AE signal can be used as an 
option. By using the Almost Empty condition (Al­
most Empty by 8 bytes) for Empty, one can detect 
AE for system logic commands, perform a valid 
simultaneous write/read operation, and still read 
the last byte of data written. This will avoid a false 
flag situation, and allow the system to retrieve all 
expected data. 

CONCLUSION 

In this application brief, we have highlighted some 
subtle benefits and operations of the MK4505 
clocked FIFO in regards to latched status flags. 
Obviously, the MK4505 demands certain design 
considerations when compared to previous ripple­
through !YP_e FIF~ike the MK4501. By providing 
latched EF and FF flags, the MK4505 ensures 
proper operation for set-up and hold times in a 
clocked system environment. Previous ripple­
through FIFOs cannot within themselves ensure 
proper set-up and hold times in a clocked system 
design. Therefore, the MK4505 makes design ea­
sier, and takes the worry out of interfacing a FIFO 
with a system operating on a periodic or free-run­
ning clock. 
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APPLICATION NOTE 

THE MK4505 MASTER/SLAVE WIDTH EXPANSION 

INTRODUCTION 

The MK4505 from SGS-THOMSON offers high 
performance, high density First-In-First-Out opera­
tion, and supports two asynchronous periodic clock 
inputs for read/write operations. The device is de­
signed for applications where data is moving 
through a system on the rising edge of a free 
running clock, and allows simultaneous or asyn­
chronous read/write operations. The basic con­
cepts of the MK4505 clocked FIFO are described 
in an application note entitled : The MK4505 
Clocked FIFO Introductory Concepts", publication 
number AN219. The ideas described in this brief 
will help first time users in understanding the differ­
ent functional concepts with the MK4505 from pre­
vious low and high density FIFOs. 

The main difference between the MK4505 and 
other FIFOs is that all operations are initiated on 
the rising edge of the read or write clocks, CKR and 
CKw respectively (see Figure 1 for device pinout). 

PIN NAMES 

DO- D4 Data Input 

Q0-04 Data Output 

CKw, CKR Wnte and Read Clock 

WE, Write Enable Input 1 

RE, Read Enable Input 1 

RS Reset (active low) 

HF Half Full Flag 

Vee, GND 5Volts, Ground 

(4505M only) 

FF, EF Full and Empty Flag (active low) 

AF,AE Almost Full, Almost Empty Flag 

DR,QV Input Ready, Output Valid 

(45058 only) 

WE2 Write Enable Input 2 

Read Enable Input 2 
RE2 (rising edge triggered 3 state 

control) 
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Figure 1. Pin Connections 
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INTRODUCTION (Continued) 

This particular application brief will discuss read 
and write cycles for the MK4505M (Master), and 
the MK4505S (Slave) as separate devices, as well 
as their cascadable application. Width expansion 
will be reviewed as Master-to-Slave and Slave-to­
Slave. Master-to-Master width expansion is not 
allowed. Each device has a 1 K x 5 bit organization, 
and is width expandable to at least 40 bits with no 
additional logic. Cycle times range from 20 to 
40MHz with access times of 15 to 25ns. 

MK4505M/S (MASTER/SLAVE) CONCEPT 

The MK4505M/S (Master/Slave) concept provides 
for easy width and depth expansion capability by 
using one MK4505M for each 1 024 bits of depth, 
and one MK4505S for each additional 5 bits of 
width. For most applications, the Master-to-Slave 
width expansion configuration offers the best solu­
tion. A full set of status flags is offered by the 
MK4505M, and thereby providing all of the neces­
sary controls signals to the Slave. The Master­
Slave width expansion arrangement gives the 
system designer worry free operation from word 
skew ambiguities that can be realized due to status 
flag access times during asynchronous read/write 
operations. The MK4505M is supplied in a 300mil, 
24 pin plastic DIP, and the MK4505S comes in a 
300mil, 20 pin plastic DIP which gives additional 
savings in printed circuit board space. An example 
of some simple read and write timing diagrams are 
shown in Figures 2 and 3 showing the differences 
of the MK4505M and MK4505S as stand-alone 
devices. These figures presume that the Master is 
neither full or empty. 

216 

1086 

SLAVE WIDTH EXPANSION 

The key difference between the MK4505M and 
MK4505S is that the Master has on-chip write 
protection when full, and read protection when 
empty, whereas the Slave offers no overflow or 
underflow protect circuitry. The MK4505S can be 
used as a stand-alone device or in width expansion 
without the Master, but this forfeits the automatic 
read/write protect circuitry offered in the MK4505M. 
Even if no read cycles occur, previously written data 
will be over-written within 1025 write cycles. Of 
course data can also be re-read if no write cycles 
occur within 1 025 read operations. A reset opera­
tion will also allow the user to re-read data with the 
MK4505S. However, during reset both the read and 
write pointers are reset to location (address) zero. 
Additionally, during reset the half full (HF) counters 
will be initialized. 

An example schematic of Slave-to-Slave width ex­
pansion is shown in Figure 4. The previous 
read/write diagrams in Figures 2 and 3 are also 
examples of the MK4505S (Slave) width expansion 
timing. Since the MK4505S allows continual read 
and write cycles, the MK4505S can be used in 
applications where data underflow and overflow to 
the FIFO cannot occur, or where data underflow 
and/or overflow is desired or doesn't matter. Here 
the Slave will offer high performance with additional 
board space reductions. The MK4505S also offers 
a rising edge triggered three state output bus con­
trol. Whenever RE2 is LOW at the rising edge of 
CKR, the Qs will be high-Z at taz from the rising 
edge of CKR. 



MASTER/SLAVE WIDTH EXPANSION 

As previously mentioned, the Master/Slave width 
expansion offers a full compliment of status flags and 
all necessary control signals for proper operation. 
The MK4505M provides a high impedance data bus 
after reset, and whenever the FIFO is empty. An 
example schematic of MK4505M/S width expansion 
is shown in Figure 5. This example is presuming a 
data bus width of 32 bits with an additional3 bits. The 
additional bits could be used to pass decode infor­
mation or other control status information. Mas-ter/Slave 
width expansion timing is displayed in Figure 
6. This figure shows an initial reset with flag status, 
and First Read Latency (tFRL) after First Write, and 
finally write until full with read disabled (RE1 =LOW). 
Additionally, the read and write clocks are asynchro­
nous at different cycle rates. 

The logic state of the DR status flag follows the FF 
status flag, and is updated with each rising edge of 
the write clock (CKw). The QV status flag follows 
EF by one cycle respective to the rising edge of 
CKR. The DR and QV outputs are latched status 
flags, with their main function being to incorporate 
Master-to-Master depth expansion, or Master-to­
Slave with and depth expansion (refer to the 
MK4505M/S data sheet). Therefore, DR (Data 
Ready) and QV (Output Valid) are offered as op­
tional status flags to be monitored by the user in 
Master-Slave with expansion mode. They are 
totem-pole outputs, and can be left disconnected 
in this configuration. 

DESIGN CONSIDERATIONS 

As with all FIFO applications, a reset is required to 
initialize all counters before normal operation be­
gins. Referring again to the MK4505M/S data 
sheet, the user must take into account the first valid 
read delay access time from the first valid write 
operation after reset. This is the expected "fall-
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through delay time" calculated as : ts + tFRL + tA. 
The ts parameter being the set-up time to the First 
Write operation ; tFRL is the First Read Latency as 
the First Read clock delay after the First Write ; and 
tA is the Q output access time from the First Valid 
Read Clock. Th~MK4505M provides read protect 
circuitry via the EF status flag, therefore read oper­
ations will not be allowed until the EF is cleared. 
Thus first valid data after reset has a maximum of 
75ns for a 40MHz cycle. 

When using the MK4505S separately, the user 
must observe the tFRL parameter to ensure First­
Write-to-First Read valid data. Once tFRL is satis­
fied, valid data is guaranteed on the Q outputs at 
tA from the rising edge of CKR. Read operations 
attempted before tFRL is satisfied may result in 
reading RAM locations not yet written. Since the 
Slave offers no read or write protect circuitry, the 
user must observe tFRL, especially when using free 
running asynchronous read/write clocks on the 
MK4505S. 

CONCLUSION 
The MK4505M/S offers width expansion to any line 
or word size, and at least 40 bits of width without 
additional support circuitry. Master-to-Slave width 
expansion has a full compliment of status flags as 
well as Slave control logic for proper operation. The 
MK4505S is also width expandable with certain 
res-trictions. The MK4505M cannot be written while 
FULL, or read when EMPTY ; whereas, the 
MK4505S allows continuous read/write operations. 
Master-to-Master width expansion is not allowed. 
BothdevicesusetheSG&THOMSONMicroelectronics 
BiPORT™ RAM based memory cell allowing simul­
taneous read/write operations, and a 1 k x 5 pipeline 
architecture giving the MK4505 an unsurpassed 
15ns access time with a 25ns cycle time. 
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Figure 2. Read Timing 
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Figure 3. Write Timing 
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Figure 4. Slave width Expansion 
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Figure 5. Master/Slave width Expansion 
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Figure 6. Master-to-Slave width Expansion Timing Write/Read/Write-to-Full 
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APPLICATION NOTE 

MICROWIRE EEPROM COMMON 1/0 OPERATION 

SGS-THOMSON Microelectronics provides a wide 
range of serial access EEPROMs. The MICROWI­
RETM product line is designed for a 4-wire interface: 
SK the Clock input, CS the Chip Select Input, Dl the 
Serial Data Input, and DO the Serial Data Output. 
Some MCUs such as the SGS-THOMSON ST9 or 
ST7 series include a Serial Peripheral Interface 
(SPI) "on-chip", that can fit this MICROWIRE inter­
face, but those EEPROMs can be used with any 
general purpose microcontroller where the inter­
face wires are hooked to 1/0 ports or some equival­
ent circuitry. 
Since DO output is in high impedance while instruc­
tions, addresses and data are shifted into the Dl 
serial input, it seems attractive to tie Dl and DO pins 
together to provide a common DI/DO bus. The 
chips can operate correctly in this configuration, 
provided that appropriate design rules are carefully 
followed. The possible troublesome situations are 
limited to the instructions where DO output is acti­
vated. 
Such instructions include: READ, WRITE, ERASE, 
WRAL and ERAL. 

Figure 1. Typical Common DI/DO Application 

Dl DRIVER 

Bernard SABY 

This note reviews and details the specific points 
where precautions must be taken in common 
DI/DO applications. In order to provide the designer 
with a safe-design guide, all calculations are car­
ried out upon the worst case values as specified in 
the data sheet of these EEPROM devices. 

READ INSTRUCTION 
Let's consider a typical common DI/DO application 
(as in Figure1 ). The Dl driver and the DO receiver 
can be discrete logic or part of a microcontroller 1/0 
port or any equivalent circuitry. 
DO pin is in high impedance while the READ 
opcode and the address bits are clocked into the 
chip upon the rising edge of SK clock. These bits 
must be kept valid for a minimum hold time of to1H: 
see data sheet. However, upon the rising edge of 
SK where the last address bit (AO) is clocked into 
Dl, the DO pin comes out of high impedance and 
outputs the leading bit (logical 0) which precedes 
the 16 bit data string (see example in Figure 2). 

EEPROM DEVICE 

COMMON DI/DO BUS 
DATA IN -----1 ~-4~--------------~~~ Dl 

DRIVER ENABLE ._----------' 
(ACTIVE LOW) 

DO RECEIVER 

DATA OUT .----< 

DO 

SK CS 

CLOCK IN ._----------------------------------~ 

CHIP SELECT IN ._----------------------------------------' 

AN394/0592 

VA00509 
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The maximum delay between the rising edge of SK 
and the leading "0" bit is specified for a maximum 
of tpoo (between 500 ns and 11.ls. depending on the 
product); nevertheless, typical values of less than 
100 ns can be found. 
Since the Dl driver must remain enabled with the 

Figure 2. Read Instruction Example 

SK 

cs 

01 

I 

AO bit for a minimum of to1H (hold time) before being 
disabled, a bus conflict will occur if the AO bit is a 
"1" (odd address registers). The consequences 
are: 
-a low impedance path is created between Vee and 

ground through Dl driver and the on-chip DO out-

: I 

I I 

DO 

I 
HIGH-IMPEDANCE I !_---

0 ID15ID14ID13ID121 D11ID101 D91_---
! I 

~~ , .. 
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Figure 3. Short-Circuit between Vccand Ground 
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put buffer (see Figure 3); this short-circuit may 
produce glitches on the power supply which can 
disturb all the circuits on the board; 

- the logical level on the DilDO bus is not well­
defined as it is the result of the relative driving 
capability of the Dl driver and the DO output buf-

APPLICATION NOTE 

fer; the Dl pin can even see a logical "0" preventing 
the access of the odd address registers. 

This trouble can be solved by inserting a current 
limiting resistor in the sinking current path. Figure 4 
shows some possible locations for this resistor; 
however, the best location is between the DO out-

Figure 4. Possible Locations for the Current Limiting Resistor 
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Dl DRIVER (IF Dl DRIVER IS EEPROM DEVICE 
R 

AN OPEN COLLECTOR) --------. 
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Figure 5. Exponential Charge and Discharge of the Bus Capacitance 
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put and the DI/DO bus for the following reasons: 

-during the overlap time, the logical level on the 
DI/DO bus will be defined by the Dl driver only, 
allowing the respect of the to1H hold time specifi­
cation. 

- as we discuss later, the R resistor slows down the 
propagation time of the DO output signals on the 
DI/DO bus, but only the 16 bits of data read from 
the chip are affected. If R were in series with the 
Dl driver, all the input signals for all the instructions 
would be slowed down in the same way. 

The R resistor doesn't have any effect as long as 
DO is in high impedance. During the execution of a 
READ instruction, R sinks some current from the Dl 
driver during the short overlap time; then the Dl 
driver is disabled and DO output takes control of the 
DI/DO bus through the R resistor. 
Because of the bus capacitance C, the signals are 
distorded: the rising and falling edges of DO output 
are transformed into exponential curves whose 
shape depends on the time constant RC (see Fig­
ure 5). 

The consequence is: after a rising edge of SK clock, 
the logical level on the DI/DO bus needs some delay 
before being considered as steadily established 
and ready to be sampled by the DO receiver. This 

safety delay can be estimated to be at least 3xRxC; 
after sampling, the subsequent rising edge of SK 
can occur. 
When applying the results of Figure 5 to the worst 
case of DO output levels (see data sheet): VoH min 
= 2.4 V, VoL max= 0.4 V, Voltage Swing= 2 V, the 
DI/DO bus levels will be: 

- logical "1" = 2.3 V minimum for a delay of 3xRC 

- logical "0" = 0.5 V maximum after SK rising edge 

It will be necessary to reduce the SK clock fre­
quency when and only when shifting the 16 bits of 
data out from the EEPROM. All other operations 
can be performed at the nominal clock rate. 

This reduction is of course directly related to the RC 
time constant of the DI/DO bus. Figures 6, 7, 8 
show some experimental examples replotted from 
the scope with different values of R and C. 

In the last example, the maximum clock frequency 
is: 1 I 3xRC = 1 00 KHz, assuming that DI/DO bus 
is sampled by the DO receiver circuitry just before 
the rising edge of the SK clock. 

In order to avoid an important reduction of the clock 
frequency, the following techniques can be used 
which minimize the R and C values: 

Figure 6. Oscilloscope Plot, R = 10 k!J, C = 100 pF, RC = 1 11s 
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Figure 7. Oscilloscope Plot, R = 5 kr.!, C = 100 pF, RC = 500 ns 
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-to minimize the bus capacitance, it is important to 
implement the EEPROM device as close as 
possible to the Dl driver/DO receiver circuitry for 
the shortest connection, and not share too many 
devices on the same DI/DO bus since the capaci­
tance will be proportionnal to the number of 
devices connected in parallel to the same DI/DO 
bus. 

- the value of the R resistor can be decreased as 
long as the Dl driver can source the corresponding 
amount of current during the bus conflict time and 
as long as the power supply is adequately decou­
pled to withstand this transient of current. It's up 
to the designer to decide about the best trade-off 
based upon his specific application's require­
ments. 

INTERFACE WITH CMOS CIRCUITS 

The MICROWIRE EEPROM devices are specified 
for TTL compatible input/output levels; when using 
CMOS circuits to interface these devices, some 
precautions must be taken to ensure the correct 
interpretation of the logical levels. 
Since the CMOS output-high levels are close to Vee 
and output-low level close to OV, it is obvious that 
there are no difficulties in driving the Dl, CS and SK 
inputs of the EEPROM devices. 

Concerning the DO output, the minimum output­
high level is specified to 2.4 V, which is lower than 
the minimum input high level of CMOS (3.5 V for 
Vee = 5 V). A common practice is to connect a 
pull-up resistor Rp between the DO output and Vee, 
thus increasing the effective high-level in order to 
meet the CMOS specs. 
Although this configuration suits perfectly to a sep­
arate Dl and DO, it raises some difficulties in com­
mon DI/DO applications. 
When DO output is a "zero" level, i.e. VoL= 0.4 V, 
worst case conditions, the R and Rp resistors act 
together as a voltage divider on the DI/DO bus (see 
Figure 9); hence, the Rp resistor value must be at 
least 5 times greater than R value and the "zero" 
level on the DilDO bus is: 

0.4 V + (5 V -0.4 V) x R I (R + Rp) = 1.17 V 

when Rp= 5xR 

Although this value is 330 mV below the 1.5 V, 
maximum "zero" input level of CMOS, the wide 
noise margin traditionally associated with CMOS is 
then significantly reduced. 
For a "1" to "0" transition, the DO output on-chip 
buffer will have to discharge the bus capacitance 
throuah the R resistor and to sink some current from 
the V~e through Rp resistor. In that case, we may 

Figure 9. DI/DO Bus Configuration with Pull-up Resistor (Rp) 
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see that the new time constant is equal to the 
product of the bus capacitance C with the parallel 
combination of Rand Rp, which is 17% smaller than 
the one without Rp. However, the steady "0" level 
is no more 0.4 V, as we assumed for TTL levels but 
1.17 Vas calculated above (if Rp = 5xR). Despite 
of this smaller time constant, the voltage swing 
between "0" and "1" is greater in this case (see later 
on); hence it is advised before sampling to keep the 
same "rule of the thumb" delay of 3xRC after the SK 
clock rising edge. 

The major problem is for the "0" to "1" transition. 
During a first step, the bus capacitance is charged 
through DO output in series with R and the Vee 
power supply in series with Rp. These conditions 
lead to the same time constant as above (i.e. 17% 
smaller than the one without Rp). 

But once the DilDO bus voltage reaches the DO 
output level, the DO on-chip buffer is automatically 
turned off and the Rp resistor remains the only 
contributor to the charge of the bus capacitance, 
resulting into a much higher time constant: RpxC = 
5xRxC (if Rp = 5xR). 
If we consider the worst case "1" output level for DO 
(VoH= 2.4 V ), it lasts a long time to go up to 3.5 V, 

APPLICATION NOTE 

which is the minimum "1" input level for CMOS. It 
will last exactly 0.55xRpC (if Vee= 5 V) or 2.75xRC 
after the DO output turn off, and we must add a 
reasonable noise margin (300 or 400 mV). 
As a result: the minimum delay between the rising 
edge of SK and the sampling of the DI/DO bus 
should be 2 or 3 times longer than the one we've 
found for the TTL levels (without Rp), and the clock 
frequency must be reduced as much. 
It is possible to avoid this situation by using a TTL 
level compatible input CMOS device such as the 
74HCTXXX devices as DO receiver circuit, or a 
CMOS microcontroller that provides a "TTL input 
levels" option on its 1/0 ports, such as the ST9 
series, and thus get rid of this Rp resistor. 

PROGRAMMING MODE: ACKNOW-
LEDGEMENT OF READY/BUSY STATUS 

On the MICROWIRE EEPROM devices, the self­
timed programming cycle uses DO output to indi­
cate the ready/busy status of the chip. 
The self-timed programming cycle begins with the 
falling edge of CS at the end of a programming 
instruction; such instructions include: WRITE, 
ERASE, WRAL and ERAL. 

Figure 10. Oscilloscope Plot, R = 10 kQ, C = 100 pF, Rp =50 kQ 
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Figure 11. Acknowledge of the Ready/Busy Signal on DO Output 
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CS pin must be kept low for a minimum of tcs (see 
data sheet). DO output remains in high impedance 
as long as CS is low; if CS is brougth high for 
clocking a new instruction, DO comes out of high 
impedance state and indicates the Ready/Busy 
status of the chip (0 = Busy, 1 = Ready). 
In common DilDO applications, this may create 
again a bus conflict; therefore, it is recommended 
to cancel this status signal: this is very simply done 
by applying a single clock pulse on SK input while 
CS is high (see Figure 11 ). 

The operation is scheduled as follows: 

- shift into the chip a programming instruction 

- bring CS low for tcs minimum 

- bring CS high 

- monitor DilDO bus till a "1" level is detected 
(Ready) 

. . . .............. 

-10 )JS 

- clock SK once 

- bring CS low 

- the chip is ready to accept a new instruction 

It should also be noted that this Ready/Busy status 
can be found active after the power-up of the chip; 
therefore, it is recommended to clock SK once (with 
CS = 1) prior to any instruction. 

CONCLUSION 

This note gives some guidelines for the possibilities 
and the conditions of a safe operation in common 
DilDO applications. The safety of these designs is 
based on the good safety margins and the worst 
case data sheet values used in the calculations. 
These calculations are of course not exhaustive, 
each designer may adapt them for any given appli­
cation. 

_a,_a ____________ i.V ~~©m=~~~ ____________ _ 
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ENSURING DATA INTEGRITY IN ZEROPOWER 
AND TIMEKEEPER RAMs 

The ZEROPOWERTM and TIMEKEEPERTM product 
families offer a unique non-volatile RAM solution. 
ZEROPOWER products consist of a single chip 
containing an ultra low power SRAM, a comparator 
for power supply voltage detection and battery 
control logic. TIMEKEEPERs include, in addition, 
a real time clock which loads clock/calendar infor­
mation into specific locations of the memory array. 

The monolithic ZEROPOWER and TIMEKEEPER 
chips are packaged in 600 mil wide dual-in-line 
plastic packages with 24 or 28 pins. The "top-hat" 
housing attached to the top of the DIP package 
contains the battery and also a crystal for the 
TIMEKEEPER products. 
The products operate as conventional SRAMs 
when external power is applied. They have stand­
ard SRAM footprints and fast read and write ac­
cess times. When the applied power supply drops 
below the specified threshold, the control circuitry 
write protects the memory. At a lower voltage the 
internal battery supplies power to maintain the data 

ZEROPOWER Main Part Numbers 

Size Type Organisation 

MK48C02 2Kx 8 

MK48Z02 2Kx8 

16K MKI48Z02 2Kx8 

MK48Z12 2Kx8 

MKI48Z12 2Kx 8 

MK48Z08 8Kx8 

MK48Z09 8Kx 8 

64K MK48Z18 8Kx 8 

MKI48Z18 8Kx 8 

MK48Z19 8Kx8 

AN395/0891 

VccTrip Feature 

4.75V No battery 

4.75V 

4.75V -40 oc to 85 oc 
4.5 v 
4.5 v -40 oc to 85 oc 
4.75V Power Fail Interrupt 

4.75V 

4.5 v 
4.5 v -40 oc to 85 oc 
4.5 v Power Fail Interrupt 
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TIMEKEEPER Main Part Numbers 

Size Type Organisation 

MK48T02 2K x 8 
16K 

MK48T12 2K x8 

MK48T08 8K X 8 
64K 

MK48T18 8K x8 

in the SRAM and power the real time clock until the 
system power becomes valid again. 

Correct operation of the ZEROPOWER and TIME­
KEEPER products requires the usual design con­
siderations for high speed SRAM systems however 
some additional points which sometime; give rise 
to incorrect operation are discussed below. 

Data Corruption or Loss 
Negative Undershoots. Loss or corruption of the 
data in the entire address space of the RAM can be 
caused by negative undershoots of more than 0.3V 
occurr_ing on the device pins during a power cycle. 
Negative undershoots are often the result of im­
proper termination of the signal lines. A resistor 
network can be used to correctly terminate the 
signal lines and prevent reflections and under­
shoots. 

Figure 1. Gating of the system RESET and 
memory CHIP ENABLE for MK48Z02, MK48T02 
and MK48Z08 

ZEROPOWER RAM 

E 
RESET -n r 

VAOOS59 

VccTrip Feature 

4.75V 

4.5 v 
4.75V Power Fail Interrupt 

4.5 v Power Fail Interrupt 

Inadvertent Writes. Corruption of data in isolated 
bytes of the SRAM after a power cycle can be 
caused by inadvertent write cycles occurring on 
power up. Inadvertent writes can occur before the 
system stabilizes but after the ZEROPOWER or 
TIMEKEEPER is active. The memory should be 
protected ~gainst writing during the start-up phase 
and the s1gnals are stable, by gating the system 
RESET with the memory CHIP ENABLE as shown 
in Figure 1. ' 

Low or Noisy Power Supplies. ZEROPOWER 
a~d TIMEKEEPER products have well specified 
Windows for the power supply voltage within which 
they deselect or reselect. These windows are spec­
ified as either 4.75V to 4.5V or 4.5V to 4.2V. During 
normal operation the supply voltage for the prod­
ucts must exceed the maximum window value. If 
however, during a memory access, the supply volt-

Figure 2. Power on reset using E2 input of the 
MK48Z08 or MK48Z09 

NON VOLATILE RAM Vee 
MICRO 

~e 
MK48Z08 

oc 
MK48Z09 

RESET Ez 

Te 
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age drops into the deselect window, an invalid read 
or write to the ZERO POWER or TIMEKEEPER may 
occur. Power supply fluctuations caused by current 
transients can be reduced through the use of a 
supply bypass capacitor mounted close the mem­
ory package. A suggested value is 0.01 11F. If the 
system power supply is low and cannot be modified 
easily to bring it within specification, a change in the 
product type from a 5% to a 1 0% tolerance part may 
cure instances of unwanted deselection and appar­
ent data corruption or loss. 

TIMEKEEPER Clock Errors 

Setting Unused Bits in Clock Registers. Within 
the eight bytes of clock/calendar information, con­
tained in the memory array of the TIMEKEEPER 
products, are a number of bits which are specified 
as 'unused', but which must be written to zero. 
Some of these bits control internal test modes which 
speed up the clock in order to efficiently test the 
products at the factory. The bits are always set to 
zero before shipment, but if an application sets 

AN395 

these bits a test mode may be invoked and the clock 
may run erratically. In a test mode the clock may 
run extremely fast or the seconds may not roll over 
to minutes after 60 counts. Software routines ad­
dressing the control registers should specifically set 
the unused bits to zero. 

Immediate Access of Clock Information after a 
Power Up. During normal operation of the TIME­
KEEPER products, the memory locations of the 
SRAM that contain the clock/calendar information 
are updated by the internal clock counter once per 
second. When a TIMEKEEPER is in the battery 
back-up mode, no updates to the memory locations 
occur. After a power up, the actual time is trans­
ferred to the memory locations one second after the 
product reselects. Thus access to the clock infor­
mation in the memory in less than one second after 
a power up may yield the same information that was 
present at power down, not the new time. 

The precautions described above are the most 
frequent that many users enquire about, it is hoped 
that this brief Application Note will provide a fast 
solution. 
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UPGRADED MEMORY CAPABILITY USING ZEROPOWER 
AND TIMEKEEPER PRODUCTS 

Systems that need read/write non-volatile memory 
have several choices available: EEPROM, 
SRAM plus battery or the ZEROPOWER™ and 
TIMEKEEPERrM products from SGS-THOMSON. 
Many microprocessor based systems require a 
non-volatile memory for storing vital data such as 
calibration constants, set up parameters, adapt­
able boot programs or other routines, systems 
status or clock & calendar information. Conse­
quently many systems from computer and POS 
terminals, video games, process controllers, medi­
cal equipment, trip computers, PABXs, to TV sets 
are using non- volatile memories today. 

EEPROM memory access times are fast for data 
reading (100-200ns) but relatively slow (5-1 0ms) 
for writing which means that in many system appli­
cations data has to be copied in fast RAM and 
written to the EEPROM only when neccessary. 

Figure 1. Signal definitions for 24 and 28 pin DIP 

Standard SRAMs can be incorporated directly into 
the memory map of processors since they have 
fast, equal read and write speeds. However addi­
tional circuitry must be designed to monitor the 
power supply and switch them over to battery 
back-up operation to make them non-volatile. A 
perfect solution to the need for non-volatile RAM is 
provided by the SGS-THOMSON ZEROPOWER 
and TIMEKEEPER RAMs which provide an SRAM 
together with battery back-up and the power supply 
and switch over circuitry in a single package. In 
addition the TIMEKEEPER products include a real 
time clock providing year, month, day, date, hour, 
minute and second information which may be read 
from locations in the SRAM address space. 

System designers can adopt a flexible solution to 
non-volatile memory by making a PC board layout 
which will allow users to have an easy upgrade from 
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one solution to another. Three jumpers can be used 
to select the use of 2k x 8, 8k x 8 or 32k x 8 
EEPROM, standard SRAMs or ZEROPOWER/ 
TIMEKEEPER products. Product enhancements 
can be easily made by changing, for example, an 
EEPROM to a TIMEKEEPER. This would retain the 
non-volatile memory, but would add the ability for 
fast reading and writing of the memory and have a 
real time clock available. Typical benefits from 
using the TIMEKEEPER would be to timestamp 
events such as data transfers or files. 

The standard pin out for 2k to 32k memories is 

x 8 capacity including the ZERO POWER MK48Z02, 
the second chip enable E2 for the TIMEKEEPER 
MK48T08 or the address line A 13 for larger mem­
ories of 32k x 8 capacity including the MK48Z32. 
The third jld!!lper on pin 23 connects to either the 
write line W for 2k x 8 EEPROM, SRAM and 
ZEROPOWER!TIMEKEEPER products or to A11 
for the 8k x 8 and larger 32k x 8 sizes. 

Figure 2. Jumpers for pins 1, 23(21) and 26(24) 

based on either a 24 or 28 pin dual-in-line package. _ --m------ J~-
Figure 1 shows in the center a 24 or 28 pin package-- .------, 
with the signal definitions for the 2k_x-8-rTlemory- A14 -o 

which can be an SRAM; EEPROM or Nc --o 
ZEROPOWER product iri 24 pin Dl P. The difference 
in the signal definitions for each type and size of 
memory are show to the left and right. 

Table 1 gives the full listing of memory types and 
the jumper connections corresponding to the circuit 
of Figure 2. The PC board is provided with 28 
connections, but only the lower 24 are used for 
smaller memory sizes. Pin 2 is jumpered across to 
either the INT line for the TIMEKEEPER MK48T08, 
or the A14 address line for the larger 32k x 8 
EEPROM, SRAM or MK48Z32 ZEROPOWER 
products. Pin 26 is jumpered across to one of three 
signals, the supply Vee for smaller memories of 2k 

Table 1. Jumper positions for each type of memory 

Type Part Number Size 

EEPROM 2Kx 8 

8Kx8 

32Kx 8 

SRAM 2Kx8 

8Kx 8 

32Kx 8 

ZEROPOWER MK48Z02 2Kx8 

MK48Z08 8Kx 8 

MK48Z09 8Kx8 

MK48Z19 8Kx 8 

MK48Z32 32Kx8 

TIMEKEEPER MK48T02 2Kx 8 

MK48T08 8Kx8 

MK48T18 32Kx8 

J1 

Vee 

A13 

Vee 

A13 

Vee 

E2 

E2 

A13 

-
E2 
-
E2 

vee 
E2 

J1 o-- A13 

(21) 23 '---'"" 
J3 o--

Vi 

A11 
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-
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-
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There has been for some years misunderstandings 
about the definition and specification of memory 
timing parameters. Many companies have used 
different timing names and different waveform di­
agrams. Sometimes parameters are not clearly 
and unequivically defined. 

Timing parameter names have historically tended 
to describe the functions of the time, for example: 

- tAH Address Hold time 

- toH Data Hold time 

- lAce Access time 

These names do not describe very well the actual 
time specified, tAH does not say hold time from 
what, to what. lAce does not specify whether this is 
the time from, for example, addresses valid or from 
chip enable asserted. 

A better system is to follow that outlined by JEDEC. 
This uses both signal names and logic states to 
define the timing parameters. 

The system follows the rules as in the example 
"t1234", where 1 and 3 specify the signal names 

Figure 1. Signal Names 
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APPLICATON NOTE 

TIMING SPECIFICATIONS 

(negative logic signals eg. E are shown without the 
negation bar), for example: 

- Q Data Output 

- D Data Input 

- E Chip Enable 

-G Output Enable 

-A Addresses 

-w Write Enable 

and, 2 and 4 specify the logic level as in Figure 2 
and follows: 

- H a Low to High transition to above a High 
level measurement threshold 

- L a High to Low transition to below a Low 
level measurement threshold 

- V valid signals, above High or below Low 
measurement levels 

- X transition or invalid signals, signals that 
are possibly changing and are below a 
high level or above a low measurement 
level. 

Figufe 2. Input Output Waveforms References 

24V ~--.. L.'J Hi~l-
-- C8\ Lc· 

0 45V 

2.4V 

0.45V 

2.4V 

T ron sit! on (.:<) 
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Note: H1gh. Low, Valid and Trans111on (X) levels 
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Some examples of these definitions, with the name 
it replaces, are in Table 1. 

Table 1. Timing Characteristics Example 

Symbol AI! Parameter 

IAVAV IRe Read Cycle T1me 

lAVQV lAce Address Valid to Output Valid 

IELOX lLz 
Chip Enable Low to Output 
Transition 

IELQV teE 
Chip Enable Low to Output 
Valid 

IGLOX IOLZ 
Output Enable Low to Output 
Transition 

tGLQV toE 
Output Enable Low to Output 
Valid 

tEHQZ 
Chip Enable High to Output 
Hi-Z 

tGHQZ toF 
Output Enable High to Output 
Hi-Z 

tAXQX toH 
Address Transition to Output 
Transition 

Note: These are taken from the FLASH MEMORY data sheets. 

MEASUREMENT CONDITIONS 

The signal measurement conditions are also im­
portant for the definition of timings, there are three 
important definitions, 

The input signal rise and fall time. Although, in 
theory, no timings depend on this - that is the 
definition of parameters is not dependant on the 
rise or fall time of the input signals - some products 
may have characteristics which vary with the slew 
rate of the input. 

The levels of the input signal. Both the Low level 
and High level voltage. These obviously must be at 
least equal to the specified V1L and V1H for the 
device input signals. 

The voltage level at which the timing measurement 
starts and stops. 

For example, for EPROMs the SGS-THOMSON 
specification states: 

- Input Rise and Fall times are 20ns max 

- Input and Output signal levels are 0.4V(min) to 
2.4V(max) 

- Input and Output timing reference levels are 
0.8V(Low) to 2.0V(High) 

and, a signal is defined as Hi-Z (high impedance) 
when it is not driving or being driven. 

USING THIS SYSTEM 

The system then works, for example, like here after 
described. 

A time specification of tAvav means a time from the 
point where the address lines are ALL below O.BV 
for signals at or going to a logic Low level and above 
2.0V for those at or going to a High logic level, to a 
time where the data output signals are ALL either 
below O.BV or above 2.0V. 

A time specification of tEHOZ means a time from the 
chip enable input going above 2.0V to the point 
where the data output is no longer driving. 

A time specification of tAxox means a time from the 
point where any single address line rises above or 
falls below its stable, valid level (O.BV for Low level 
or 2.0V for High level). to the point where any data 
output line transition passes these levels and is 
consequently no longer valid. 

TIMING DIAGRAMS 

The use of these definitions makes it unneccessary 
to draw the timing diagrams with times shown from 
a notional high or low measurement point, as the 
measurement points are clearly specified by the 
definition of measurement conditions and the sig­
nals and logic are described by the timing param­
eter description. The diagrams can be simplified for 
maximum clarity and understanding by indicating, 
diagrammatically, the timings from the waveform 
center point. 

For example, if the measurement conditions for 
timing are specified as: 

- Input Voltage levels are 0.45 to 2.4V 

- Input and Output reference levels are 0.8 to 2V 

and, Output Hi-Z is defined as the point where the 
signal is no longer driving; then in the diagram: 

- tAvAv is measured from the point where all ad-
dress lines are either above 2V or below O.BV 
to the same levels at the end of the cycle. 

- tELov is measured from E Low, or below o.av 
to the point where all data lines are either 
above 2V or below O.BV. 

- tEHOZ is measured from E High, or above 2V, 
to where the data outputs are no longer driving 
the signal lines. 

=21~3-------------------------- ~ ~~©~g~:~Y~ __________________________ ___ 
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Note that the tELOV timing, for example, is showD_ 
diagramatically not from a "low" point on the E 
falling edge, but from the center and is shown not 
to a "high/low" point on the Data Output but again 
to the center. This is for clarity of the diagram, as 

Figure 3. Timing Diagram Example 

AO-A15 ~ 
E L tELQV1 
DQO-DQ7 

AN397 

the actual measurement points are clear from the 
definitions and timing names. 

This system has been, or will be, adopted for all 
SGS-THOMSON memory products. 

tAVAV 

~ VALID 

{,EHQZl 
DATA OUT 

VA00709 

--------------------------- ~~~@~~~9~------------------------~3~/3 
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APPLICATION NOTE 

TAPE AND REEL PACKING 
by Antony WATTS 

Surface mounting packages can be supplied with 
Tape and Reel packing. The reels are standard 
330 mm diameter and contain between 250 and 
2500 devices. 

The reels used are either plastic antistatic or con­
ductive with a black conductive cavity tape, the 
cover tape is transparents antistatic or conductive. 

The packages supplied on Tape and Reel are listed 
in Table 1, with their body width in "mils". This table 
also shows the Tape Width and Part Pitch used, 
and the quantity per reel. 

Devices are orientated in the cavities with the 
identifying pin (normally pin 1) on the same side as 
the sprocket holes in the tape. 

Table 1. Packages on Tape and Reel 

Package Type Body Width Description Tape Width Part Pitch Q.ty per Reel 
(W) (P) 

PSOB 150 mils Plastic Small Outline 12mm Bmm 2500 

PS014 150 mils Plastic Small Outline 16mm Bmm 2500 

PS016 150 mils Plastic Small Outline 16mm Bmm 2500 

PS014 300 mils Plastic Small Outline 16 mm 12 mm 2000 

PS016 300 m1ls Plastic Small Outline 16 mm 12 mm 2000 

PS020 300 mils Plastic Small Outline 24mm 12 mm 1000 

PS024 300 mils Plastic Small Outline 24mm 12 mm 1000 

PSOJ28 300 mils Plastic Small Outline J-lead 24mm 12mm 1000 

PSOJ28 330 mils Plastic Small Outline J-lead 24mm 12mm 1000 

PSOJ28 340 mils Plastic Small Outline J-lead 24mm 12 mm 1000 

PLCC20 - Plastic Leaded Chip Carner 16 mm 12mm 1000 

PLCC28 - Plastic Leaded Chip Carrier 24mm 16 mm 500 

PLCC32 - Plastic Leaded Chip Carrier 24mm 16mm 750 

PLCC44 - Plastic Leaded Chip Carrier 32mm 24mm 500 

PLCC52 - Plastic Leaded Chip Carrier 32mm 24mm 500 

PLCC68 - Plastic Leaded Chip Carrier 44mm 32mm 250 

PLCC84 - Plastic Leaded Chip Carrier 44mm 36mm 250 

AN398/1091 1/5 
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Figure 1 a. Reel 

A 

Figure 1 b. Reel Dimensions 

Tape Size A Max BMin c 
12mm 330 1.5 13 ±0.2 

16mm 330 1.5 13 ± 0.2 

24mm 330 1.5 13 ± 0.2 

32mm 330 1.5 13±0.2 

44mm 330 1.5 13 ± 0.2 

DMin 

20.2 

20.2 

20.2 

20.2 

20.2 

040mm MIN. 

ACCESS HOLE 

AT TAPE START 

SLOT LOCATION 

TAPE SLOTS 

INTO CORE AT 

TAPE START 

NMin G 

50 12.4 +2 I -0 

50 16.4 +2 I -0 

50 24.4 +2 I -0 

50 32.4 +2 I -0 

50 44.4 +2 I -0 

VA00550 

TMax Unit 

18.4 mm 

22.4 mm 

30.4 mm 

mm 

mm 
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Figure 2. Leader and Trailer 
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Figure 3. Small Outline Mechanical Polarization 
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Figure 4. PLCC Mechanical Polarization 
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Figure 5a. Embossed Carrier for 8, 12, 16, 24 mm Tape 

USER DIRECTION OF FEED 

VA00652 

Figure 5b. Carrier Tape Constant Dimensions 

Tape Size D E Po TMax Ao,Bo,Ko 

8mm 
12mm 1.5 +0.1 /-0 1.75±0.1 4±0.1 0.4 see Note 
16mm 

24mm 1.5 +0.1 /-0 1.75±0.1 4±0.1 0.4 see Note 

Note: Ao, Bo, Ko, are determmated by components sizes. The clearance between the component and the cavity must be within· 
a. 0,05 mm min. to 0.50 mm max. for 8 mm tape 
b. 0,05 mm min. to 0.65 mm max for 12 mm tape 
c 0,05 mm min. to 0.90 mm max. for 16 mm tape 
d. 0,05 mm min. to 1.00 mm max. for 24 mm tape 

Figure 5c. Carrier Tape Variable Dimensions 

Tape Size 81 Max 01 Min F 

Bmm 4.2 1 3.5 ± 0.05 

12mm 8.2 1.5 5.5 ± 0.05 

16 mm 12.1 1.5 7.5±0.1 

24mm 20.1 1.5 11.5±0.1 

KMax P2 w p 

2.4 2 ± 0.05 8±0.3 4±0.1 

4.5 2 ± 0.05 12±0.3 4±0.1 
8±0.1 

4 0.1 
6.5 2±0.1 16±0.3 8 0.1 

12 0.1 

12 0.1 

6.5 2±0.1 24 ±0.3 16 0.1 
20 0.1 
24 0.1 

Unit 

mm 

mm 

Unit 

mm 

mm 

mm 

mm 
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Figure 6a. Embossed Carrier for 35, 44 mm Tape 

Ko 

T 
K 

TOP 
COVER 
TAPE 

Figure 6b. Carrier Tape Constant Dimensions 

Tape Size D 01 Min E 

32mm 1.5 +0.1/-0 2 1.75±0.1 

44mm 1.5 +0.1/-0 2 1.75±0.1 

KMax 

10 

10 

0 20±0 05 

VAOOSSJ 

Ao,Bo,Ko Po TMax 

see Note 4±0.1 0.5 

see Note 4±0.1 0.5 

Note: Ao, Bo, Ko, are determmated by components s1zes. The clearance between the component and the cav1ty must be Within: 
0,05 mm m1n to 1.00 mm max. for 32 mm and 44 mm tapes. 

Figure 6c_ Carrier Tape Variable Dimensions 

Tape Size 81 Max F P3 s w p 

16 0.1 
20 0.1 

32mm 23 14.2±0.1 2±0.1 28.4 ± 0.1 32 ± 0.3 24 0.1 
28 0.1 
32 0.1 

24 0.1 
28 0.1 

44mm 35 20.2 ± 0.1 2±0.15 40.4 ± 0.1 44 ± 0.3 32 0.1 
36 0.1 
40 0.1 

AN398 

Unit 

mm 

mm 

Unit 

mm 

mm 
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THE MK4202 TAGRAM 32-BIT CACHE DESIGN CONCEPTS 

INTRODUCTION 
The MK4202 cache TAGRAM™ from SGS­
THOMSON Microelectronics is a very fast CMOS 
SRAM based Cache Directory Comparator. The 
MK4202 offers high performance with a 20ns cycle 
time, and a 17ns address to tag compare access 
time. It is configured for the new generation 32-bit 
microprocessors, and implements a 2K x 20 ar­
chitecture (see Figure 1). The device contains a 
20-bit on-board comparator with dual compare or 
match outputs for easy interface to various 32-bit 
processors. An on-board chip enable decoder is 
also included to allow both width and/or depth 
expansion. Depth expansion is allowed up to a 32K 
density without speed (propagation time) penalties. 

Figure 1. MK4202 TAGRAM Logic Symbol 

RS w 

AO-A10 CDQO 

EO-E3 
001-0019 

P0-P3 
CGO 

HO MK4202 

CG1 
H1 

co 
MO 

Mi C1 

Vee GNO Vcca GNDo 

VA00621 
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The MK4202 can enhance both system perfor­
mance and cost. The high speed compare access 
time enhances the zero wait state logic to the 
processor for better system performance. Second­
ly, the MK4?.Q2 !!_as high impedance data bus con­
trol inputs (S) (G), and eliminates separate latch, 
transceiver, and comparator components. This 
reduces the required real estate in PC board area, 
and results in lower system cost with no added gate 
delays through separate components. 

TAGRAM OPERATION 

A TAG RAM is that part of a cache subsystem that 
determines if data or instructions is retained in the 
cache memory (data cache). While this may be 
obvious, it should be noted that typical cache sub­
systems are designed in three sections: the data 
cache which stores the data to be used by the 
microprocessor, the cache tag buffer or cache 
directory, which stores the upper order address of 
each cache entry, and the cache control logic for 
processor interface, and cache read/write opera­
tions (see Figure 2). The data is identified by ad­
dress location, and is stored in the cache directory 
(the MK4202 serves as the cache directory). If the 
TAG RAM "sees" a match, meaning that the neces­
sary data is resident in the cache, it determines a 
hit and initiates a zero wait state operation to the 
processor. Conversely, a miss (no match) condition 
results in longer cycles for program execution since 
the cache does not contain the requested informa­
tion. 

During a compare cycle, the MK4202's on-board 
20-bit comparator compares the upper address 
inputs (DOo- D019) with internal RAM data at the 
specified index address (Ao- A10). (The TAG RAM's 
architecture is shown in Figure 3). If all bits are 
equal (match), a hit is determined, and both Com­
pare Outputs (Co and C1) will go HIGH. If at least 
one bit is different, a miss condition exists, and both 
Co and C1 will go LOW. The user can optionally 
force a MISS or HIT on either or both compare 
outputs by asserting Mx or Hx active LOW. A forced 
MISS overrides a forced HIT input (note the data 
sheet Truth Table). The Compare Ouput Enable 
(CGx) has no affect during a Force Hit or Force 
Miss operation. 

1/5 
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Figure 2. Generalized Cache Block Diagram 
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CIRCUIT DESCRIPTION 
A Direct Mapped Cache subsystem application 
using the MK4202 is shown in the schematic block 
diagram in Figure 4. In this example, we are serving 
a 32-bit microprocessor with a 32-bit address bus 
and data bus. The 12 lower significant address 
lines (Ao . A11) are connected to the address inputs 
of the MK4202, with A11 connected to Eo of both 
TAG RAMs as shown. 

Figure 3. MK4202 TAGRAM Organization 
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This input will implement a 4K address index for the 
Cache Directory in this example, and a 4K address 
for the Cache Data RAM. The upper address bits 
of the processor (A1e- A31 ), function as the tag data 
bits for the MK4202 TAGRAM, with CDQo pulled up 
to Vee (+5 volts) as a valid bit. Therefore, the 
cache tag buffer, or Cache Directory, consists of 4K 
x 16 bits, or SK bytes. The Data Cache consists of 
eight very fast 4K x 4 SRAMs with Chip Enable (E) 
for a 32-bit line width, resulting in a total of 16K 
bytes of memory (refer to Figure 5). Cache subsys­
tems studies have shown that a cache design using 
this mapping scheme and combined memory size 
can yield a hit rate of better than 80%. 

The MK4202 TAGRAM uniquely identifies each 
cache entry with an address scheme consisting of 
the index and tag. The upper addresses of a 32-bit 
microprocessor are considered as the tag, and are 
connected to the DQ pins (D01 - D01e) of the 
MK4202 (see Figure 4). The CDQo pin is desig­
nated to serve as the valid bit, as it allows the 
internal RAM to be reset or cleared to all zeros at 
all locations for the CDQo output. The 11 address 
inputs (Ao - A10) of the MK4202 function as the 
address index, and are connected to the lower 
addresses of the processor. Extra lower order ad­
dress lines can be connected to the Enable Inputs 
(Eo- E3) for on-board chip enable decode for depth 
expansion. (The Eo - E3 inputs correspond directly 
to the Po - P3 inputs as described in the MK4202 
data sheet). In this example, A11 is connected to Eo 
for a depth expansion of 4K. The Co and C1 Com­
pare Outputs incorporate a CMOS totem-pole 3-
state design. This high impedance state allows 
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Figure 4. 16K-Byte Direct Mapped Cache Subsystem 
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CIRCUIT DESCRIPTION (Continued) 

each output to be tied together in a wired-OR 
configuration for multiple device applications, as 
shown in Figures 4 and 6. A pull-up resistor is 
suggested to enhance proper operation. 

Figure 5. Cache Example Organization 
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All processor address lines do not have to be 
connected to the TAGRAM, as most systems re­
quire designated non-cached addresses. Some 
address lines may define peripherals from an ad­
dress vector for various 1/0 devices, or define DMA 
operations. Thus, a certain amount of address 
space is often required for various non-cacheable 
operations. Therefore, extra address lines from the 
processor can be used to decode these system 
operations. Unused addresses from the processor 
can be left open ; however, unused control and 
address inputs or tag data inputs to the MK4202 
should be tied to be determined as a logic one or 
logic zero. 

CIRCUIT OPERATION 

The basic purpose of our Direct Mapped Cache 
subsystem is to provide the microprocessor 
(henceforth CPU) with a quick response for re­
quested data from the data cache to avoid long 
memory cycles to main memory. Since typical 
programs spend most of their execution time in 
loops or nested procedures from a few localized 
areas of the program, the cache subsystem can 
maintain a copy of this localized data for faster 
execution. This will make our system more efficient 
and provide optimum performance. 
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Figure 6. Application Block Schematic 
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CIRCUIT OPERATION (Continued) 
Operation begins b~itializing the MK4202 TA­
GRAM by asserting RS to clear all internal SRAM 
bits for the CDOo output to a logic zero. This 
invalidates all entries in the cache directory. When 
the CPU begins its first read command cycle, the 
lower address bits select a location in the MK4202. 
This location in the TAG RAM is compared against 
the 16 bits of tag along with the single valid bit 
(CDOo = Vee). The valid bit will determine a miss 
condition causing Cx to go LOW since data ones 
is being compared against data zeros. This is a 
cache miss, and the CPU will wait for a response 
from main memory. 

In our Direct Mapped Cache subsystem example, 
we will assume the write-through method for main 
memory and cache coherency. This means that 
while the CPU is waiting for data during a 
read/miss operation, that the cache write/read 
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control logic is designed to write data from main 
memory into the data cache SRAMs at the address 
defined by the index. When this happens, the 16 
bits of tag, along with the valid bit, will be written 
simultaneously into the MK4202 cache directory. 
This way both the main memory and the cache 
subsystem contain the same information. 

Now the logic one valid bit on the MK4202 TA­
GRAM can verify that the data in the data cache is 
a valid copy of main memory, since both the internal 
data and CDOo (valid) are data ones. Of course, a 
cache miss will not occur after a reset operation, 
but every time the lower 12 address index bits 
select a location where the 17 tag bits (16 bits plus 
valid bit) do not match. However, each time a miss 
occurs, the most recent data will be written into the 
cache memory. This maintains cache coherency 
with main memory by constantly updating the 
cache with the most recent data. 



CIRCUIT OPERATION (Continued) 

After the cache has been written with valid data, 
and the CPU executes a read command from the 
same location that has been written into the cache 
subsystem, then the data tag bits will match, and a 
cache hit results. During a hit condition, both com­
pare outputs, Co and C1, will go HIGH. This will 
cause the CPU to operate in a no-wait state, and 
data will be gated onto the data bus from the data 
cache memory. The match/hit operation takes the 
requested data from the data cache, avoids wait 
state cycles to main memory, and terminates the 
cycle with a data acknowledge to the CPU. 

It should be noted that even though both Co and C1 
go HIGH during a hit, that both compare/match 
outputs may not be required for the cache hiVmiss 
control logic. The user could use one match output 
for determining a miss or hit condition, and use the 
other compare output to pass inputs through the 
MK4202 to the CPU. This is illustrated in Figure 6, 
where Co is normally HIGH except in an error 
condition. In this manner, a system error or halt will 
alert the CPU and invalidate cache execution at the 
same time. This is another benefit using the 
MK4202 and can reduce the number of required 
logic gates, and therefore system components. 

CONCLUSION 

We have given a general application and overview 
of the MK4202 cache TAG RAM in conjunction with 
a 32-bit data bus Direct Mapped Cache subsystem 

AN400 

concept. System operation allows the cache sub­
system to be updated with the most recent data for 
each access to main memory. The MK4202 allows 
easier implementation, and reduces the number of 
devices or components. Of course the MK4202 can 
also be used to implement a two or more set-as­
sociative cache design. In fact, by using the enable 
and chip select inputs on the MK4202, one can easily 
implement several cache design arrangements. 

There are several features and organizational 
benefits when using the MK4202 for cache design. 
The device provides a flash clear (RS) function to 
invalidate cache entries, which is useful for single 
processor systems, and for multi-processor sys­
tems sharing a cache subsystem. Additionally, the 
MK4202 is wide enough to provide extra bits for 
storing other information besides address tag data. 
One example might be "dirty bit" storage in a 
multi-processor application using a copy back 
method for cache coherency. Another example 
could be identification of non-cached addresses. 

With the introduction of SGS-THOMSON's 
MK4202 TAGRAM, implementing cache subsys­
tem designs for a 32-bit processor has been made 
easier. Cache subsystem implementation can now 
be provided for small-to-medium microcomputer 
systems without a large investment. The MK4202 
TAGRAM provides for cost effective, high speed 
cache memory designs for today's 32-bit 
microprocessors, and is fully TTL compatible on its 
inputs and outputs. 
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APPLICATION NOTE 

MK45180 BiPORT 
SnoopTAG SIMPLIFIES CACHE COHERENCY 

INTRODUCTION 

Increased processor performance requirements 
have traditionally translated into more complex 
processor implementations, and higher clock fre­
quencies. As the demands on leading edge tech­
nology have exceeded the capabilities, system 
designers have moved to alternate architectures to 
meet their throughput demands. Among these, 
cache memories and multi-processing are 
prominent. 

Cache schemes in a multi-processing environment 
bring with them a whole new set of system con­
cerns. Foremost among them is the maintenance 
of cache coherency between the remote cache 
memory subsystems, and the global system 
memory. Several protocols have evolved to ad­
dress this issue, and all of them call for monitoring 
or "snooping" the main system bus. This type of bus 
monitoring is also known as "bus watching". The 
bus monitoring logic evaluates transactions on the 
system bus that may affect local cache storage. If 
such a transaction is detected, then the local cache 
subsystem is notified, and a fetch and update 
operation to obtain the new data will be performed 
by the local cache the next time it requests infor­
mation from that specific location. 

The current need is for the development of a high 
performance cost effective method for maintaining 
cache coherency within a global system where 
several processors share a common communication 
bus. One solution is a dual-port (or BiPOR"fTM) cache 
tag directory for implementing local and global 
compare operations utilizing a single storage 
medium (such as a dual-port SRAM array). A dual­
port cache tag directory (BiPORT TAGRAMTM) ser­
ves a pervasive need in any shared memory 
system that utilizes cache storage- that is the need 
for a cost-effective and simplified method to main­
tain cache coherency in each of the local process­
ing elements. To decrease system overhead, it 
would be preferable if this dual-port cache 
TAGRAM included a bus watch or "snoop" algo­
rithm to self invalidate local cache entries that 
were overwritten in global memory by other bus 
masters and system processes sharing the same 
global data bus. 
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CACHE COHERENCY CONCERNS 

A simplified block diagram for a uni-processor sys­
tem is shown in Figure 1. The major elements are 
the local processor, system main memory, a local 
cache subsystem (blown up into it's individual ele­
ments), and some peripheral and 1/0 devices that 
share the system bus. 

This can be contrasted with a typical shared 
memory architecture for a multiprocessing system 
depicted in Figure 2. Note that each of the local 
processors has it's own dedicated local cache sub­
system, and each of these cache subsystems con­
tains replicas of the data in system main memory 
that are being utilized by these processors most 
often. It is conceivable, even likely, that separate 
local processors will be processing the same sys­
tem data repeatedly. This precisely, is where the 
issue of cache coherency in shared memory sys­
tems is born. 

Although cache coherency concerns may seem 
more evident with multi-processor designs, even 
uni-processor designs can have need of special 
coherency logic. Referring again to Figure 1, 
should the 1/0 or peripheral device update main 
memory, then the local cache must be notified. The 
local cache must have a means of detecting the 
update to Main Memory in order to fetch and store 
the new data in the cache subsystem. Obviously, 
these cache coherency problems are amplified in 
a system with more than one processor, with each 
processor having its own cache subsystem. 

MULTI-PROCESSOR CACHE COHERENCY 

A more specific example of the cache coherency 
problem using a shared bus in a multi-processor 
system is illustrated in Figures 3 and 4. Here a local 
cache has data XYO, which is a replica of the data 
stored at location XY in main memory, stored in it's 
SRAM cache bank. Another processor (or DMA 
device, 1/0 device, or peripheral) writes to main 
memory location XY with new data XY1 (Figure 4). 
Unless the local cache subsystem is aware of this 
write, the data that it has stored will be "stale". In 
other words, the data that the local cache has 
stored will not be equivalent to the data resident at 
the main memory location which it is intending to 
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Figure 1. Typical Uniprocessor Application 
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Figure 2. Typical Multiprocessor Application 
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replicate. This is a major potential source of sys­
tem errors. 
The method for preventing this situation in these 
systems is to perform system bus watching or "bus 
snooping". Essentially the local cache subsystem 
monitors all system writes to main memory, and 
compares the main memory addresses being 
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written with the addresses of the data stored in it's 
local cache. If the main memory location being 
written by an external source is resident in local 
cache, the local cache subsystem invalidates the 
location, effectively informing the local processor 
that the data is not coherent with the data it is 
replicating in main memory. 



Figure 3. Cache Coherency 1 
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Figure 4. Cache Coherency 2 
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Figure 5. Conventional Bus Snooping Solution 
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SNOOPTAG CONCEPT 

The conventional solution to the cache coherency 
problem previously discussed is depicted in Fig­
ure 5. In essence, system designers having little 
choice, use redundant TAG RAM banks each con­
taining exactly the same data as the other. One 
of the TAGRAM banks is dedicated to the local 
processor, and the other is dedicated to snooping 
the system bus. This is an obvious inefficient use 
of resources. i.e. TAGRAM duplication which 
constitutes excess cost, demands additional board 
space, and results in more power consumption. 
Furthermore, the coherency control logic for the 
duplicate TAGRAM banks and Main Memory can 
become so complex that it may jeopardize sys­
tem throughput. Hence, the dual-port TAGRAM 
(Snoop TAG rM} concept is presented as an alterna­
tive method for cache coherency. 

DEVICE DESCRIPTION 

As a solution to an efficient method of cache 
coherency in multi-processor (or uni-processor) 
designs, SGS-THOMSON introduces a new mem­
ber to the TAGRAM family: the MK45180 CMOS 
~iPORT SnoopTAG™. The MK45180 SnoopTAG 
Js a 4K x 1 0 dual-port cache tag directory with an 
on-board snoop invalidation protocol. The device 
is comprised of two ports as: (1) PORT A which 
is the local processor bus port, and (2) PORT B 
as the system or "snoop bus port". Both ports have 
an independent comparator to indicate a hit or 
miss condition in reference to the cache tag direc­
tory during compare cycles. The ports can operate 
asynchronous to each other using data stored in a 
common SRAM memory array. Thus, the 
MK45180 SnoopTAG allows the snoop invalida­
tion process to be transparent to system perfor­
mance. A simplified block diagram of the 
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application concept is shown in Figure 6. (A 
thorough technical description including truth 
tables and timing edges is given in the MK45180 
Data Sheet.) 
A complete block diagram of the device concept is 
presented in Figure 7. The thrust of the idea is to 
collocate the snoop port and local port into a 
single device, not only eliminating the need for 
redundant tag directories, but also vastly simplify­
ing the coherency control logic. Furthermore, the 
MK45180 has on-board parity generation and 
checking, allows width expansion to include a 
32-bit address bus in a master/slave configuration, 
includes a flash clear operation to invalidate or 
flush the entire cache TAGRAM, has a built-in 
snoop invalidation protocol, and has several other 
user mode options that make the device adaptable 
to many applications. 

Figure 6. Block Diagram 

LOCAL BUS 

TAG RAM 

I PORT B I 
L~- __ J 

J: SD01SPT 

~ [ SNOOP PORT 

SYSTEM BUS 
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Figure 7. MK45180 Block Diagram 
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SNOOP INVALIDATION PROTOCOL 

As shown in Figure 7, the MK45180 incorporates a 
hidden Snoop Valid bit (SV) for easier BiPORT 
operations and fast snoop invalidation during 
snoop write-hit operations. Figure 8 displays how 
the SV bit must be valid for either port to detect 
a valid hit condition, in addition to a valid match 
of the tag field data bits. It should be noted that 
Port A (local port) always writes the Snoop Valid 
bit to a logic 1 . Port B on the other hand, always 
clears the SV bit to a logic 0 when a snoop write-hit 
occurs. Therefore, a bus snoop hit during system 
write operations will invalidate the Snoop Valid 
bit in the SRAM array only at that specific address. 
This forces a miss and cache fetch-update when 
the local port accesses the same location at a 
later time (thus the new data is fetched and stored 
by local cache). This cache coherency method 
eliminates the possibility of invalid or stale data 
being accessed by the local port. 

TAG FIELD WIDTH EXPANSION 

The width of the tag field data bits can be increased 
by implementing a Master/Slave configurati?n 
shown in Figure 9. This application example diS­
plays a 4K x 20 bit tag field with parity to include a 
32-bit address bus. Port A provides a high speed 

+-------;----- Vee 

~Vss 

MIS 

!+-~~ sw 
Ea 

ASs 
PERRa 

MTCH 9 

MXI 
~~~~----------------~- COMP6 

three state totem-pole match output design for fast 
match accesss and data off times (MTCHA High­
Z). Port B has a two state match output design 
for fast expansion timing. The MTCHe output of 
the Slave is the MXI input of the Master. The MXI 
pin serves as the "Match Expansion Input" to the 
Master by providing the handshake for the snoop 
invalidation protocol. Control signals and index 
addresses can be bused in parallel to both 
devices, while the tag data bits are connected to 
the upper significant bits of the address field. 

The Master/Slave combination allows operation 
cycle times equal to that of the single device. The 
local port has a cycle time of 20ns, while the snoop 
port has a cycle time of 30ns. The MK45180 allows 
fast local compare cycle times by ANDing the 
MTCHA outputs, while the system snoop port can 
determine a hit or miss, and complete the snoop 
invalidation within the Port B cycle time if a snoop 
write-hit exists. Only the Master device can execute 
the snoop invalidation protocol via the snoop port, 
thus the MXI handshake is required for the oc­
casion where the Master device is a "hit", and must 
determine if the Slave device is a hit before allow­
ing a snoop invalidation to occur. This ensures a 
valid compare-hit before the snoop invalidation 
protocol is executed within the snoop cycle. 
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Figure 8. Match Comparator Logic 
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COMPARE 6 OPTION 

The MK451aO has another unique user configura­
tion option for compare operations affecting both 
ports. The COMP6 input pin is a static input that 
configures the comparator on both ports (Port A 
and B) to compare either 6 or 10 external tag data 
inputs with the internal RAM to determine a 
match. If the COMP6 input is tied high, then a 
tag field of 1 0 bits is provided. This means both 
ports compare all1 0 tag data bits with the internal 
RAM during a compare cycle to detect a hit or miss 
condition. If the COMP6 input is tied low, 4 bits 
are truncated from each port comparator, resulting 
in a 6-bit tag field with 4 status bit outputs during 
a valid compare cycle for either port (refer to the 
MK451aO Data Sheet). In summary, each port 
will indicate a hit or miss condition during a com­
pare cycle in addition to providing four cache 
subsystem status bits simultaneously. Therefore, 
by using the COMPARE 6 option, an additional 
SRAM is not required to store and read cache 
status information. Figure 10 details the 
Master/Slave expansion combination with the 
COMP6 input of the Slave device tied low. This 
provides a cache tag directory of 4K x 16 tag bits 
with 4K x 4 status bits. 

Figure 1 0. Compare 6 Option Width Expansion 
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APPLICATION EXAMPLE 

The next two figures show how a 32-bit bus scheme 
design using the SnoopTAG reduces part count, 
board space, and design complexity resulting in 
reduced design cost. The block diagram in Figure 
11 uses the conventional bus snooping approach 
by duplicating cache TAG RAMs (refer to Figure 5). 
In this diagram we employ the MK41 SaO 4K x 4 
cache TAGRAM to build a 4K x 1a bit (plus valid 
bit) cache tag directory. This implementation re­
quires ten (1 0) MK41 Sao devices in addition to the 
complex cache tag coherency and snoop invalida­
tion protocol logic. 

In contrast, Figure 12 displays the same basic block 
logic circuit using the MK451aO SnoopTAG. To 
summarize, the same 4K x 1a bit cache tag direc­
tory with valid bit (shown in Figure 11) requires only 
two MK451aO Snoop TAGs in the master/slave con­
figuration. No off-chip cache tag coherency or 
snoop invalidation logic is needed. Thus, the 
SnoopTAG dramatically reduces part count and 
board space while simplifying design. Additionally, 
the snoop invalidation protocol is transparent to the 
system, thereby enhancing system performance. 

As another example, should an application call for 
the cache tag directory to have a 4K address index, 
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Figure 11. Duplicate TAGRAM Cache Example 
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16 bit tag data field, and two to four status bits, the 
SnoopTAG can reduce design complexity even 
further. Storage of status bits requires an additional 
external SRAM within the cache subsystem (op­
tional BiPORT SRAM shown in Figure 11 ). By using 
the COMPARE 6 option in the master/slave con­
figuration, the MK45180 SnoopTAG provides the 

4K address index, 16 tag data bits, cache tag 
coherency and snoop invalidation protocol, and the 
needed SRAM storage for the status bits. Again, 
the Snoop TAG saves part count, power consump­
tion, board space, simplifies design, and thereby 
reduces cost. 

Figure 12. SnoopTAG Cache Example 
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CONCLUSION 

The MK45180 SnoopTAG from SGS-THOMSON 
Microelectronics is an industry first to provide an 
alternate solution to multi-processor system 
designs implementing local processor cache 
storage with a shared global memory and common 
1/0 bus. The SnoopTAG has an on-board snoop 
invalidation protocol providing a cache coherency 
method that eliminates the possibility of invalid or 
stale data being accessed by the local processor. 
The Master/Slave combination provides the ability 
to cache a 32-bit address bus by implementing a 
4K address index and a 20 bit tag field (including 
parity). In addition, the MK45180 has a Compare 
6 option to provide four status bits outputs during 
compare cycles. The Master/Slave expansion 
combination with the COMP6 input of the Slave 
device tied low provides a cache tag directory of 
4K x 16 tag bits with 4K x 4 status bits for both 
ports. 

AN401 

When compared to the conventional duplicate 
cache tag directory designs, the MK45180 
provides a way to decrease device count and 
power consumption, while increasing system per­
formance by eliminating duplicate tag storage 
coherency logic and snoop invalidation overhead. 
The MK45180 not only simplifies design, but has 
provisions to cache a 32-bit address bus with only 
two devices. Application examples include high­
end workstations, PCs, minicomputers, graphics 
computers and laser printers. 

With the introduction of SGS-THOMSON's 4K x 10 
SnoopTAG, implementing cache coherency in 
either uni-processor or multi-processor environ­
ments has been simplified. The MK45180 
SnoopTAG uses SGS-THOMSON's flagship 
HCMOS4 process technology implementing a fast 
match compare access time on both ports. It is TTL 
compatible on all dynamic inputs and outputs, and 
is the newest member of the fast TAG RAM family. 
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APPLICATION NOTE 

UNDERSTANDING CACHE MEMORY SYSTEMS 

INTRODUCTION 

Each new generation of microprocessors on the 
market has become faster and faster. Today, 
microprocessors, such as the Intel 486 and the 
Motorola 68030 have cycle times of 25 ns and plan 
to go faster in the future. The speed of DRAM main 
memory in such microprocessor-based systems 
has not come close to matching these cycle times. 
For example, it is quite common to use a DRAM 
with a cycle time of 1 DOns with an lntel486 micro­
processor. The resultant difference in cycle times 
between the microprocessor and DRAM means 
that the microprocessor cannot operate at full 
speed, because it must perform "wait states" during 
memory cycles. Wait states seriously reduce sys­
tem throughput and performance. 

Cache memories are used to increase system 
throughput by reducing these microprocessor wait 
states. A cache system is a small, fast access 
SRAM bank, capable of single cycle accesses, 
which resides between the microprocessor and 
DRAM. The cache contains a copy of a block of 
DRAM memory which is frequently accessed by the 
microprocessor. By putting frequently accessed 
memory in the fast cache memory, the micropro­
cessor can receive data from the cache instead of 
the slow DRAM during memory cycles. The DRAM 
only supplies data to the microprocessor when the 
cache memory does not have the needed data. In 
this way, using a cache subsystem reduces micro­
processor wait states. 

Figure 1: CACHE SUB-SYSTEM Block Diagram 

The theory works because most software code and 
data is contiguously stored in memory, and ac­
cessed repeatedly; therefore, the principals of tem­
poral and spatial locality can be applied. The 
principal of temporal locality dictates that informa­
tion currently being used by the microprocessor is 
likely to be used again in the near future. The 
principal of spatial locality dictates that the informa­
tion to be used during the next memory cycle is 
likely to be close to the addresses of the information 
previously used by the microprocessor. Thus tem­
poral locality is related to timing and spatial locality 
is related to actual physical location. According to 
these principles, there is a greater likelihood the 
microprocessor will find requested data in the 
cache memory and avoid wait-states. 

ELEMENTS OF A CACHE SUBSYSTEM 

The cache subsystem resides between the micro­
processor and main memory and is comprised of 
three elements: the data cache, the cache tag 
buffer, and the cache control logic. The data cache 
contains the copy of prefetched data from the 
DRAM. The cache tag buffer or TAGRAMTM stores 
addresses for each corresponding entry, also 
called the TAG, in the data cache. The cache 
control logic interfaces with the microprocessor and 
controls all read/write operations between the pro­
cessor, main memory, and cache memory. The 
block diagram in Figure 1 shows how these ele-
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ments interact with one another, the microproces­
sor, and the DRAM. 

THEORY OF OPERATION 
In order to better understand how a typical cache 
subsystem works, lets look at the operation of a 
direct mapped cache. In a direct mapped cache, 
each data cache location is mapped to one main 
memory location as shown in Figure 2 below. 

Cache Miss 

Upon power-up, all locations in the data cache are 
set to zero. When the microprocessor initiates its 
first read cycle, the upper bits of the address bus 
are compared with the address bits stored in the 
TAGRAM. For this first compare, there will not be 
a match since the data cache is empty and the 
TAG RAM has no corresponding addresses. This is 
called a cache miss, and the MATCH output on the 
TAGRAM will be a logic zero. In this case, the 
required data will have to come from DRAM. The 
cache controller signals the DRAM to provide the 
requested data and directs the microprocessor to 
execute wait states until it receives data. When 
there is a cache miss, the controller also initiates 
logic which insures the data cache will be updated 
with a copy of DRAM data. 

Cache Hit 

The next time the microprocessor performs a read 
cycle to the same address, the data cache will 

Figure 2: Direct Mapped Cache Organization 
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contain the needed data since the data cache has 
been updated to reflect what is in the DRAM. Again, 
the address inputs to the TAGRAM are compared 
with the address bits stored in the TAGRAM. If 
there is a match, this is called a "hit" condition. The 
comparator inside the TAG RAM will output a logic 
1 on the MATCH output for a hit condition. A 
MATCH output of logic 1 means that the data 
contained in the data cache at this location is valid. 
The cache control logic will gate the data immedi­
ately onto the data bus and signal the microproces­
sor to complete its memory cycle. This happens so 
quickly that the microprocessor never has to ex­
ecute a wait state. 

An Example ... 

Consider your friendly local television repairman. 
When he is dispatched to your residence, he carries 
only those parts which are most often required for 
repair. It would be impractical for him to bring every 
part that might possibly be needed; that would be 
tantamount to transporting the entire inventory of 
parts from the shop to your home! 

The repairman checks his list of parts and, if the 
required part is on the list, he fetches it from the 
truck. Since most repair jobs can be performed with 
those parts in the truck, it is likely your television set 
will be repaired immediately. However, if the re­
quired part is not in the truck, it will have to be 
fetched from warehouse inventory. Since this part 
broke in your television set, there is a greater 
chance of it needing to be replaced than previously 
thought. Hence, when the repairman goes to the 
warehouse, he selects two of the needed parts: one 
to repair your television set and the other to put in 
his truck. This increases the likelihood that you will 
not have to wait on a part if your television breaks 
again. 

CACHE SUBSYSTEM PERFORMANCE 
The performance of any cache subsystem can be 
measured by its hit rate. The hit rate is the percent­
age of memory cycles which can be completed 
using data from cache instead of data from the 
slower DRAM. For purposes of this discussion, we 
will talk about the cache performance of direct 
mapped caches. A cache hit occurs when the data 
cache has data requested by the microprocessor 
during a memory cycle. The microprocessor will 
receive data from the data cache and will avoid the 
wait states it would have incurred waiting on the 
DRAM. Therefore, the higher the hit rate, the more 
time the microprocessor spends working from fast 
cache memory and system performance is en­
hanced. 

=21~6~----------- L.,~. ~~~;m~::~~Jl 
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A hit rate of about 80% is common for a 64K byte 
direct mapped cache in a PC. This means that the 
microprocessor can operate with no wait states 
80% of the time. 

Hit Rate Versus Organization 
Hit rate, for the same size cache memory, can be 
increased by varying the organization of the cache 
subsystem. Besides direct mapped, there are set 
associative cache organizations which achieve 
higher hit rates. 2-way and 4-way set associative 
caches are the most commonly used. The 2-way 
set associative cache is divided into two separate 
banks of memory. The 4-way set associative cache 
is very similar to the 2-way except that it has four 
banks. Figure 3 shows a typical 2-way set associ­
ative memory. The 2-way set associative system 
contains two TAGRAM banks, two data cache 
banks, and the control logic. Also, unlike the direct 
mapped cache, it has a LRU (Least Recently Used) 
memory. This is a small memory used by the 
control logic to determine which of the two memory 
banks should be updated next after a "miss". The 
memory bank that was not read last, the least 
recently used, is updated to match main memory. 

As mentioned above, the hit rate for a 64K byte 
direct mapped cache in a PC environment is about 
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80%. For a 64K byte system, the 2-way set asso­
ciative memory has a hit rate of approximately 94% 
and the 4-way set associative is only slightly higher 
with a hit rate of approximately 98%. The perfor­
mance increase of a set associative cache should 
be weighed against its higher cost. The increase in 
performance from the direct mapped organization 
to the 2-way set associative organization is sub­
stantial: from 80% to 94%. On the other hand, there 
is a relatively small performance increase of the 
4-way set associative over the 2-way set associa­
tive cache (94% to 98%). Moreover, 4-way set 
associative caches generally are much more ex­
pensive than 2-way set associative caches. Figure 
4 shows typical hit rates for direct mapped and set 
associative organizations. 

CACHE EXPANSION 
Cache expansion allows the designer to construct 
wider and deeper caches subsystems while work­
ing with readily available and relatively inexpensive 
parts. There are basically two types of cache ex­
pansion: width expansion and depth expansion. 
Below, Figure 5 shows width expansion and Figure 
6 shows depth expansion using SGS-THOMSON 
parts. 

Figure 3: 2-Way Set Associative CACHE Origanization 
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Figure 4: Hit Rate Versus Set Associativity 
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Width Expansion 

Width expansion allows the designer to cache a 
larger section of main memory as shown in Figure 
5. The data bus is widened by increasing the num­
ber of data cache RAMs; in the figure, four 4K x 4 
SRAMs are used to increase the width of the data 
bus from 4 to 16 bits. The correct number of data 
cache RAMs is determined by dividing the width of 
the desired data bus by the width of the data cache 
RAMs. In this instance, 16 divided by 4 yields 4 
data cache RAMs. Similarly, the address bus can 
be expanded to a wider size by increasing the 
number of TAGRAMs. Figure 5 shows how three 
MK41S80 4K x 4 TAGRAMs are used to increase 
the width of the address bus from 16 to 24 bits. By 
utilizing width expansion, the same devices can be 
reconfigured to adjust for the different bus widths 
required by various microprocessors. 

Depth Expansion 

Depth expansion differs from width expansion in 
that it increases the actual depth of the cache. 
Cache depth expansion is accomplished by dupli­
cating the TAG RAM and the data cache SRAM as 
shown in Figure 6. In this example, the cache size 

was doubled from 8K x 16 to 16K x 16 by adding 
copies of the MK48S74 TAGRAM as well as copies 
of the data caches. The upper bits of the address 
bus are used to provide chip enable selection for 
the added components. Notice that adding copies 
of the TAGRAM and the data cache did not expand 
the bus width; it only increased the size of the cache 
as a whole. Increasing depth of the cache improves 
the hit rate, because you are expanding the address 
map and increasing the likelihood of finding re­
quested data in the cache. 

SUMMARY 
Cache memories provide the means for dramati­
cally improving microprocessor-based system per­
formance in a cost effective way. 
Using SGS-THOMSON TAGRAMs an_d ?_RAMs 
gives the designer the tools needed ~o. S19~1f1cantly 
increase system throughput by m1mm1Z1ng walt 
states. Several factors, such as cache organization 
and size, determine cache effectiveness and must 
be weighed against system objectives to determine 
the most cost effective solution. SGS-THOMSON 
features a full line of TAG RAMs of varying organiz­
ation and size that empowers the designer to design 
the right cache to fit individual system needs. 

~4/'!,;6 ___________ L..,,. ~~~;m~::~~n 
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Figure 6: Width Expansion for TAGRAMs and Data Caches 
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LIST OF TERMS 

Associativity. Cache organization where main 
memory addresses are mapped to different SETs 
of SRAM banks. 

Cache. Fast, local memory containing a copy of 
frequently used main memory code and data. 

Cache Hit. Microprocessor requested data is found 
in the cache. 

Cache Miss. Microprocessor requested data is not 
found in the cache. 

DRAM. Dynamic Random Access Memory. 

Data Cache RAM. Portion of cache that stores 
copies of main memory data. 
Direct Mapped. Type of cache organization in 
which each data cache location is mapped to one 
main memory location. 

Hit Rate. Percentage of memory requests that are 
cache hits. 

1136 

Least Recently Used (LRU). Cache update policy. 
Used in set associative caches to update the oldest 
memory bank. 

Set Associative. Type of cache organization in 
which the cache sub-system is divided into memory 
banks which cache different sections of main mem­
ory. 

Spatial Locality. Programs usually request data or 
instructions with main memory addresses close to 
the address of the data currently being used. 

SRAM. Static Random Access Memory 

TAGRAM. Portion of cache that stores the main 
memory addresses of data stored in the data cache 
RAM. 
Temporal Locality. Information currently being 
used is likely to be used again in the near future. 
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QUALITY NOTE 

MEMORY PRODUCTS QUALITY PROGRAM 

The Corporate quality program of SGS-THOMSON 
is published as the SURE (Semiconductor Users 
Reliability Evaluation) Program. The quality pro­
gram for memory products follows closely this Pro­
gram. Described here are the particular controls 
that apply specifically to memories starting with the 
Lot Acceptance and AOQ assessment and fol­
lowed by the program for memory product qualifi­
cation, an indication of the the manufacturing SPC 
(Statistical Process Controls) and the Short and 
Long term reliability tests. 

Lot Acceptance 

The role of a final Lot Acceptance sampling has 
changed from that of lot acceptance- although this 
still applies- more to the collection of statistical data 
about the outgoing quality, and the monitoring of 
the quality to the target defectivity in Parts Per 
Milian (ppm). 

The Average Outgoing Quality (AOQ) is estimated 
from the results of Lot Acceptance testing. The 
measure developed by and used by SGS-

Table 1. Finished Product Acceptance 

Subgroup Parameters 

A1 Visual and mechanical inspection 

THOMSON for the AOQ is known as the Average 
Outgoing Quality Estimator and is given by: 

Total Defective units in sample, with d::; c + 1 
Total inspected units in samples of accepted lots 

Where d =number of defects in sample, c =accept­
ance number. The totals are those of ALL lots 
inspected (1st, 2nd, etc controls). 

This AOQE converges towards the real AOQ as the 
number of sampled lots increases, even though an 
acceptance number of zero is used. 

Memort Product Qualification/Major Changes 

Memory Product qualification is made on new 
memory products, new die designs and new pack­
ages and existing products when there are major 
changes to the design or manufacturing. 

The tests performed depend on the parameters 
affected by a major change or the qualification of 
combinations of new die designs and new Plastic 
or Ceramic packages. 

The tests performed are selected as appropriate 
from those listed in Tables 3 through 6. 

Minimum Acceptance 
Sample Size Number 

315 0 

A2+A3+A4 Cumulative electrical and inoperative mechanical failures 315 0 

Table 2. Qualification 

1 Wafer Fabrication Major Tests selected to control the parameters that are affected by the change, 
Changes varying from the design or mask set to the fabrication plant. 

2 Assembly Major Changes Tests selected to control the parameters that are affected by the change, 
varying from package material changes to the assembly plant. 

3 Product Qualification Tests selected to control the parameters depending on the type of 
package and whether the die is new or already qualified. 

QN100/0692 1/8 
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Table 3. Product Qualification, Ceramic Packages - Package Related Tests 

Subgroup Test Procedure MIL-STD-883 Test Conditions Procedure 

1 Physical Dimensions 2016 Published Data 

2 Bond Strength 2011 

3 Die Attach 2019 or 2027 

4 Fine Leak 1014 Test Condition A 1 

Gross Leak 1014 Test Condition C1 

5 Lid Torque 2024 

6 Internal Water Vapour 1018 5000 ppm (max) 

7 Solderability: 

- FDIP Package 2003 245°C, 5sec, Precondition Steam, 1 hr 

- JLCC, LCCC Packages CECC 90,000 215°C, 3sec, Precondition Dry Air 150°C, 16hrs 

8 Resistance to Solvents 2015 4 Solvent Solutions 

9 Salt Atmosphere 1009 Test Condition A, 35°C, 24hrs 

10 Lead Integrity 2004 Test Condition 82 

11 Resistance to Soldering Heat 260'C, 1 Osee 

12 Thermal Shock 1011 -55 to 125'C, 15 cycles 

Temperature Cycling 1010 -65 to 150'C, 100 cycles 

Moisture Resistance 1004 -10 to 65'C, RH = 90% 

Fine Leak 1014 Test Condition A 1 

Gross Leak 1014 Test Condition C1 

13 Mechanical Shock 2002 Test Condition B 

Vibration Variable Frequency 2007 Test Condition A 

Constant Acceleration 2001 Teat Condition E 

Fme Leak 1014 Test Condition A 1 

Gross Leak 1014 Test Condition C1 

14 Temperature Cycling 1010 -65 to 150'C, 10 cycles 

Constant Acceleration 2001 Test Condition E 

Fine Leak 1014 Test Condition A 1 

Gross Leak 1014 Test Condition C1 

218 '="= SGS-lHOMSON --------------- lt."'fl lhitlU©OO©~~~©li'OO@l!U©@ ----------------
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Table 4. Product Qualification, Plastic Packages - Package Related Tests 

Subgroup Test Procedure MIL-STD-883 Test Conditions 
Procedure 

1 Physical Dimansions 2016 Published Data 

Coplanarity PLCC, PSOJ & JLCC Published Data 
Packages 

2 Bond Strength 2011 

3 Die Attach 2019 or 2027 

4 Solderability: 

- PSO, PSOJ & PLCC Packages CECC 90,000 215°C, 3sec, Precondition Dry Air, 150°C, 16hrs 

- PDIP package 2003 245°C, 5sec, Precondition Steam, 8hrs 

5 Resitance to Solvents 2015 4 Solvent Solutions 

6 Salt Atmosphere 1009 Test Condition A, 35°C, 24hrs 

7 Lead. Integrity 2004 Test Condition 82 

8 Resistance to Soldering Heat: 

- PSO, PSOJ & PLCC Packages 215°C, 40sec 

- PDIP Package 26o•c. 1 Osee 

9 Resistance to Surface Mounting: 

Temperature Humidity: as•c. RH = 85% 

- PSO Package 24hrs 

- PLCC & PSOJ Packages 48hrs 

Solder Dipping: 

- PSO Package 260°C, 1 Osee 

- PLCC & PSOJ Packages 215°C, 120sec 

Visual Inspection Body Cracks 

Pressure Pot 121•c, 2Atm, 168hrs 

--------------------------- ~~~©~¥m~~~~------------------------~3~ffi 
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Table 5. Product Qualification, Ceramic Packages - Die Related Tests 

Subgroup Test Procedure MIL·STD-883 Test Conditions Procedure 

1 Operating Life Test 1005 140°C, Vee= 5to 7V, 500hrs 

2 Operating Life Test 1005 125°C, Vee= 5.5V, 1000hrs 

3 Retention Bake (EPROM) 1008 250°C, 500hrs 

4 Temperature Cycling 1010 --£5 to 150°C, 1 000 cycles 

5 Thermal Shock 1011 -55 to 125°C, 500 cycles 

6 Electrostatic Discharge 3015 1500n, 100pF, 2000V (min) 

7 Electrostatic Discharge EIAJ IC-121 on, 200pF, 2oov (min) 

8 Latch-up JEDEC STD-17 
Current Injection 200mA (min), 
Overvoltage 14V (min) 

Table 6. Product Qualification, Plastic Packages - Die Related Tests 

Subgroup Test Procedure MIL-STD-883 Test Conditions Procedure 

1 Operating Life Test 1005 140°C, Vee= 5 to 7V, 500hrs 

2 Operating Life Test 1005 125°C, Vee= 5.5V, 1000hrs 

3 Retention Bake (OTP, EEPROM) 1008 150°C, 1 OOOhrs 

4 Write/Erase Cycling (EEPROM, Published Data FLASH) 

5 Temperature, Humidity, Bias CECC 90,000 85°C, RH = 85%, Vee= 5.5V, 
1000hrs 

6 Temperature Cycling 1010 -40 to 150°C, 1 000 cycles 

7 Thermal Shock 1011 -55 to 125°C, 500 cycles 

8 Pressure Pot 121°C, 2Atm, 168hrs 

9 HAST CECC90,000 130°C, RH = 85%, 96hrs 

10 Electrostatic Discharge 3015 1500n, 100pF, 2000V (min) 

11 Electrostatic Discharge EIAJ IC-121 on, 200pF, 2oov (min) 

12 Latch-up JEDEC STD-17 Current Injection 200mA (min), 
Overvoltage 14V (min) 

13 Soft Error Testing (SRAM) 

-"4'.::8------------~ iitm~~~~~~ --------------
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Statistical Process Control 

One of the most powerful! tools implemented 
throughout the production of memory products is 
SPC. The final goal of the SPC program is to bring 
each critical step of the process to "6 Sigma" capa­
bility (Cp ~ 2). Current controls are at Cp and Cpk 
1.33. For example, in a typical wafer processing 
line more than 200 variables may be controlled for 
SPC. Data is gathered and analysed by on-line 
computers and provides up-to-the minute control 
charts (eg X, R charts). The critical process steps 
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are defined by FMEA (Failure Mode and Effects 
Analysis). 

A selection of the most important SPC steps and 
the Cp and Cpk results is regularly available and 
can help customers to avoid the costly qualification 
of new products when the products come from a 
qualified design and a manufacturing process that 
is demonstrated to be under control. 

The Table 7 and Table 8 show some typical SPC 
results from both wafer fabrication and assembly 
processes. 

Table 7. Statistical Process Control, Wafer Fabrication, CMOS EPROM (1.2 micron) 

# Parameter Dependant Performance 
4q91 1q92 

CP CPK CP CPK 

1 VTH Field Minimum Latch-up Related 2.49 1.58 2.84 1.81 P-Channel Transisitor 

2 VTH Field Minimum Latch-up Related 2.28 2.42 2.62 2.42 N-Channel Transistor 

3 Gate Oxide Thickness Data Retention & ESD 1.60 1.55 1.68 1.65 

4 lnterpoly Oxide Thickness Data Retention 1.70 1.64 1.43 1.41 

5 
Intermediate Dielectric 

Data Retention 1.46 1.36 1.44 1.34 Thickness 

Table 8. Statistical Process Control, Ceramic Package Assembly EPROM 

# Parameter Dependant Performance 
4q91 1q92 

CP CPK CP CPK 

1 Shear Test Die Attach 1.69 1.69 2.20 2.20 

2 Bond Strength Bond Weakness 2.17 2.15 2.50 2.50 

3 Torque Test Hermet1city 2.40 2.19 1.70 1.70 

4 Lead Plating Thickness Solderabi lily 1.50 1.13 1.70 1.90 

---------------------------~~&~~~~~~~~~------------------------~5~/8 
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Short Term Reliability Testing 

In order to provide a rapid feedback on product 
reliability to manufacturing, a series of Short Term 

Reliability tests are performed on a lot-by-lot or 
weekly basis. These are summarised in Table 9 and 
Table 10. 

Table 9. Short Term Reliability Tests, Ceramic Packages 

Subgroup Test Procedure MIL-STD-883 Test Conditions Procedure 

1 Thermal Shock 1011 -55 to 125°C, 60 cycles 

2 Retention Bake (EPROM) 180°C, 72hrs 

3 Solderability 2003 245°C, 5sec, Precondition Steam, 1 hr 

4 Resistance to Solvents 2015 4 Solvent Solutions 

5 Physical Dimensions 2016 Published Data 

6 Lead Integrity 2004 Test Condition 82 

7 Hermeticity: 1014 

-Fine Leak Test Condition A1 

-Gross Leak Test Condition C1 

8 Lead Torque 2024 

Table 10. Short Term Reliability Tests, Plastic Packages 

Subgroup Test Procedure MIL-STD-883 Test Conditions Procedure 

1 Temperature Cycling 1010 -40 to 150°C, 1 00 cycles 

2 Write/Erase Cycles (EEPROM & Published Data FLASH) 

3 Solderability: 

- PSO, PSOJ & PLCC Packages CECC90,000 215°C, 3sec, Precondition Dry Air, 150°C, 16hrs 

- PDIP Package 2003 245°C, 5sec, Precondition Steam, 8hrs 

4 Resistance to Solvents 2015 4 Solvent Solutions 

5 Physical Dimensions 2016 Published Data 

6 Lead Integrity 2004 Test Condition 82 

7 Pressure Pot 121 oc, 2Atm, 168hrs 

"'6'..:..8------------~ ~itmvm~~~lj -------------
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Long Term Reliability Testing 

Long Term Reliability tests are performed to pro­
vide evidence of the life time reliability of memory 
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products. Sampling is made either monthly, 3 or 6 
monthly depending on the tests performed. Table 
11 and Table 12 summarise the tests. 

Table 11. Long Term Reliability Tests, Ceramic Packages 

Subgroup Test Procedure 
MIL-STD-883 Test Conditions 

Procedure 

1 Operating Life 1005 125°C, Vee = 5 to 6V, 1 OOOhrs 

2 Retention Bake (EPROM) 1008 250°C, 500hrs 

3 Thermal Shock 1011 -55 to 125°C, 15cycles 

Temperature Cycling 1010 -65 to 150°C, 1 OOcycles 

Moisture Resistance 1004 -10 to 65°C, RH = 90%, 10 cycles of 24hrs 

Fine Leak 1014 Test Condition A1 

Gross Leak 1014 Test Condition C1 

4 Mechanical Shock 2002 Test Condition B 

Vibration Variable Frequency 2007 Test Condition A 

Constant Acceleration 2001 Test Condition E 

Fine Leak 1014 Test Condition A1 

Gross Leak 1014 Test Condition C1 

5 Temperature Cycling 1010 -65 to 150°C, 10 cycles 

Constant Acceleration 2001 Test Condition E 

Fine Leak 1014 Test Condition A1 

Gross Leak 1014 Test Condition C1 

6 Electrostatic Discharge 3015 1500!2, 1 OOpF, 2000V (min) 

7 Salt Atmosphere 1009 Test Condition A, 35°C, 24hrs 

8 Internal Water Vapour 1018 5000 ppm (max) 

9 Temperature Cycling 1010 -65 to 150 °C, 500 cycles 

--------------------------- ~~~@~~~~9~-------------------------7~18 
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Table 12. Long Term Reliability Tests, Plastic Packages 

Subgroup Test Procedure 
MIL-STD-883 Test Conditions Procedure 

j Operating Life 1005 125°C, Vee= 5 to 6V, 1000hrs 

2 Retention Bake (OTP & EEPROM) 1008 1 50°C, 1 OOOhrs 

3 Temperature, Humidity, Bias CECC 90,000 85°C, RH = 85%, Vee= 5.5V, 1000hrs 

4 Electrostatic Discharge 3015 1500Q, 100pF, 2000V (min) 

5 HAST CECC 90,000 130°C, RH = 85%, 96hrs 

6 Temperature Cycling 1010 -40 to 150 oc, 500 cycles 

Conclusion 
SGS-THOMSON believes that the extensive atten­
tion given to process control and product evalua-

tion, combined with clear design rules and a well 
designed technology base, give the Company a 
world class overall quality rating. 

~8/~8 __________________________ ~~i~@~2~~~~©~ -----------------------------
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TECHNICAL ARTICLE 

Special cell design gives highest 
EEPROM endurance 

Antony Watts 
SGS-THOMSON Microelectronics 
Agrate, Italy 

The substantial market that exists for small serial 
EEPROM memories differs sharply from most 
other branches of the memory market in that, by 
definition, neither the access time nor the memory 
density are particularly important parameters. In­
stead, designers focus on the endurance and data 
retention of the products, that is, how many times 
can a cell be erased and re-written and how long 
can it store data? 

Endurance and data retention are each limited by 
physical factors inherent in the storage mecha-

Figure 1. 

nism. In the case of data retention, it is the loss of 
stored charge through leakage current, while the 
finite Erase/Write endurance is the result of the 
physical damage that is actually done to the mem­
ory cell whenever new data is written to it. These 
two aspects of EEPROM products are directly in­
fluenced by the manufacturing process, especially 
the way in which the tunnel oxide layer is formed 
and subsequently treated. 

As shown in Figure 1, the simplest EEPROM cell 
is essentially an enhancement mode MOSFETwith 
two gates. One gate, known as the control gate, is 
connected to the Read/Write control circuitry via 
the usual matrix of address lines. The other, known 
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as the floating gate, is located between the control 
gate and the MOSFET channel and is isolated from 
both by insulating layers of silicon dioxide. The 
floating gate is usually made from conducting poly­
silicon but sometimes an insulating silicon nitride 
floating gate is used. 

When a positive voltage is applied to the control 
gate, electrons are attracted towards the gate insu­
lation from the body of the device. If the gate 
voltage is high enough, electrons will outnumber 
holes in the channel, so that the MOSFET will turn 
on and conduct current. However, any negative 
charge stored on the floating gate will tend to repel 
electrons from the channel, so that a higher positive 
voltage on the control gate will be required to invert 
the channel. 

In fact, EPROM, EEPROM and FLASH memories 
all exploit the ability of a charged floating gate to 
change the threshold voltage of a MOSFET but 
there are major differences in the way that each 
type of memory charges and discharges the float­
ing gate. In the case of an EEPROM, electrons are 
moved to and from the floating gate by tunnelling, 
a quantum-mechanical phenomenon that depends 
on a sufficiently high potential difference being 
applied across a thin insulating barrier. FLASH 
memories also use tunnelling to discharge the 
floating gate but, like EPROMs, use hot channel 
electrons to charge the floating gate. 

Obtaining a tunnelling current large enough to 
charge up the floating gate in an acceptable time 
requires a thin oxide layer and a high applieg 
voltage; typically, the oxide layer is less than 100 A 
thick and the applied voltage is 20V. Unfortunately, 
every time a high voltage is applied across the 
tunnel oxide, some deterioration in the integrity of 
the oxide layer occurs, with electron traps created 
within the oxide itself. As the trapped electrons are 
closer to the channel than those on the floating 
gate, they have a stronger influence on the thresh­
old voltage. Eventually, the charge trapped in the 
oxide layer will be sufficient to mask the effect of 
the charge on the floating gate, making it impossi­
ble to clear the memory cell. Depending on the 
nature, thickness and quality of the insulating layer, 
typical endurances can range from around 1 00 to 
several million cycles. 

Perhaps the most obvious way to minimise the 
damage to the tunnel oxide layer is to reduce the 
strength of electric field applied across the oxide 
layer during erasure. Unfortunately, the tunnel cur­
rent density is an exponential function of the ap­
plied field, so a small reduction in applied voltage 
gives rise to a large increase in the time required 
to discharge the floating gate. This technique has 
been used to improve the endurance of flash mem­
ories because a cell erase time of, say, one second 
means a total device erase time of one second. For 
a 1 K serial EEPROM configured as 128 x 8, how-

ever, increasing the typical cell programming time 
from 10ms to one second cell erase time gives a 
device erase time of more than two minutes, which 
is quite unacceptable. For EEPROM, therefore, 
there is a trade-off between endurance and erase 
time and the practical limit for guaranteed endur­
ance has tended to be 100,000 Erase/Write cycles. 

There is, of course, no limit on read cycles because 
a cell is read by sensing channel current rather than 
moving electrons to or from the floating gate. How­
ever, stored charge will inevitably leak away from 
the floating gate, either to the control gate or to the 
drain/channel/source area, so the MOSFET 
threshold will gradually be reduced until the point 
when the stored data is lost. EEPROM cells are 
typically able to store data for more than ten years, 
which is usually substantially longer than the appli­
cation requires. 

The majority of EEPROM manufacturers use the 
FLOTOX structure, which is derived from Figure 1 
by extending the two gates over the drain region, 
as shown in Figure 2. The oxide thickness is re­
duced over the drain region to enable tunnelling to 
take place. To load electrons onto the floating gate, 
a high positive voltage is applied to the control gate. 
This induces a high positive voltage on the floating 
gate and electrons tunnel from the drain to the 
floating gate. To erase the cell, the applied voltage 
is reversed and electrons tunnel back to the drain. 

This is a relatively simple scheme that yields a 
compact cell some 3-4 times the size of an EPROM 
cell, although small cell size is not a particularly 
important advantage in these products. The rela­
tively thick oxide layer that surrounds most of the 
floating gate gives good data retention. The prob­
lem with this structure is that endurance depends 
critically on the integrity of the thin tunnel oxide 
layer which is deposited fairly early in the process­
ing cycle. This means that subsequent processing 
steps to lay down the polysilicon floating gate, 
another oxide layer and then the metal or poly­
silicon control gate can thermally stress the thin 
tunnel oxide and give rise to electron traps. Typical 
endurance figures for this structure are 10,000 or 
100,000 cycles. 

Two alternatives to the FLOTOX structure are cur­
rently used. One is the MNOS structure, which is 
essentially the structure shown in Figure 1 except 
that the floating gate is made from silicon nitride. 
Although silicon nitride is an insulator, it contains 
electron traps and is capable of storing charge. 
However, because electrons cannot move freely 
through the floating gate, they must tunnel to spe­
cific trap sites dispersed throughout the nitride 
layer. This effectively increases the thickness of the 
insulating barrier, which means that the actual 
oxide layer must be very thin. As with the FLOTOX 
structure, electron traps in the tunnel oxide layer 
degrade the storage capability. 
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Figure 2. 

Figure 3. 
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To load the MNOS cell, a high voltage is applied to 
the control gate and electrons tunnel from the 
p-well in the substrate to the traps in the floating 
gate. To erase the cell, the control gate is grounded 
and the positive voltage is applied to the p-well, 
causing tunnelling in the reverse direction. 

The main problem with MNOS is that it requires an 
ultra-thin tunnel layer, which makes processing 
expecially critical and gives relatively high degra­
dation. The main interest in MNOS is due to the 
simple gate arrangement that offers easier scaling 
for future high density memories. The second alter­
native to FLOTOX is the special cell structure de­
veloped by SGS-THOMSON and shown 
schematically in Figure 3. Here, the polysilicon 
floating gate extends over three separate areas: 
the program area (P) where the thin tunnel oxide is 
located, the control area (C) where the floating gate 
crosses the diffused program line, and the read 
transistor gate (R). To charge up the floating gate, 
the program line is taken to 17V, capacitive cou­
pling causes a voltage of about 12V to be induced 
on the floating gate and electrons then tunnel 
across the oxide layer from the n+ diffusion. To 
discharge the floating gate, the program line is 
grounded and the n+ diffusion is taken to 17V via 
the select transistor (S). 

The most important difference between this cell 
structure and the conventional FLOTOX or MNOS 
structures is the elimination of the vertically stacked 

Figure 4. 

gates. Instead, the program line, which effectively 
replaces the control gate, lies alongside the bit line. 
This diffusion is performed before the thin tunnel 
oxide layer is formed and the subsequent process 
steps have a low thermal budget and do not dam­
age this layer. 

In addition, the CMOS processes used for 
EEPROM production at SGS-THOMSON are rela­
tively simple but very reliable 1 .5 and 1.2 micron 
processes that use a single polysilicon layer for the 
floating gates and a single metal layer for the 
interconnects. The use of a simple, proven process 
coupled with the use of lateral control structures 
makes it easier to achieve a tunnel oxide of consis­
tently high quality. The advantage of this approach 
is dramatically illustrated by the resulting endur­
ance at least 1 ,000,000 Erase/Write cycles guar­
anteed immediately, with 2-3,000,000 cycles in 
the near future. 

Redundancy 

Like any memory device, an EEPROM is only as 
reliable as its weakest cell and even the highest 
quality oxide layers are subject to occasional ran­
dom defects. If a device fails because of wearout 
of a random weak cell, it does not matter whether 
the remaining cells would have withstood another 
100 or another 1,000,000 cycles. To ensure that 
such random failures do not cancel out the advan­
tages of the lateral control structure, SGS-
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THOMSON's EPROMs employ full dual-cell redun­
dancy. 

As shown in Figure 4, two storage transistors are 
provided for each bit in the memory arra~. The two 
transistors, which have independant floatmg gates, 
are connected in parallel, with a common control 
line and a single select transistor. 

For sensing, the cell reference current is obtained 
by connecting in parallel a virgin cell (always un­
loaded) and a cell with the floating gat~ co_n~ected 
to the drain, equivalent to a short c1rcu1t _In the 
tunnel oxide. This current is compared w1th the 
combined current through the two storage transis­
tors in the logical cell. When the two cells are 
unloaded the combined current is greater than the 
reference' current. The circuit is designed so that, if 
one of the memory cells becomes broken (tunnel 
oxide short circuit), the combined current with the 
good cell unloaded still exceeds the reference cur­
rent. In this way, a memory bit can be correctly read 
even if one of the storage cells is faulty. Note that 
this technique does not extend the endurance of 
the cells but rather ensures that the endurance of 
the whole array is determined by the average cell 
endurance instead of the weakest cell endurance. 

Accelerated life test results 

The superiority of this EEPROM technology has 
been confirmed by high temperature testing. For 

Figure 5. 
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example, Figure 5 shows the results of a ~igh 
temperature bake test of data retention. the activa­
tion energy for the failure mechanism is 0.6eV, so 
one hour at 150°C is therefore equivalent to 117 
hours at 55°C. A 1 000 hours bake is thus equivalent 
to 13 years continuous operation at 55°C. No fail­
ures were encountered in the 21 lots (671 devices) 
sampled. At a 60% confidence level, this is equal 
to a failure rate of 1 0 FIT at 55°C. 

Even more impressive are the results of the two 
endurance tests, summarised in Figure 6. The first 
test was a straightforward sequence of 1 ,000,000 
Erase/Write cycles and no failures occurred in any 
of the 36,575 devices tested. The second test 
consisted of 1 ,000,000 Erase/Write cycles followed 
by a 168 hours bake at 150°C (equivalent to more 
than two years operation at 55°C), followed by 
2,000,000 further cycles and then another 16 hou_rs 
bake at 150°C. On the basis of these tests, a quality 
level of better than 150ppm can be assured for 
1 ,000,000 cycles performance with better than 
99.5% confidence level. 
To assure this performance, a sample from every 
lot manufactured is submitted to a 1 ,000,000 cycle 
test. A reseiVed test instruction allows all memory 
cells to be erased and written in parallel, so the test 
is performed very quickly. Lots are cycled at th~ 
maximum specified frequency, with a 1 Oms wa1t 
between write and erase instructions. 

RETENTION 
Q & R Results EEPROM 

1 hour at 150 deg. C = 117 hours at 55 deg. C, Ea = 0.6eV 

CMOS MF3 - 150 deg. C 

Lots 168hrs 504hrs 1 OOOhrs 

21 0/921 0/921 0/671 

60% CONFIDENCE, FR ~ 10 FIT/55 deg. C 

---------------------------~~~~~~~~~~------------------------~5~/6 
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Figure 6. 

ENDURANCE 
Erase/Write Cycles, EEPROM 

TEST 1 : 1,000,000 cycles 

TEST 2 : 1,000,000 cycles, 168hrs at 150 deg. C (= 2yrs at 55 deg. C) 
3,000,000 cycles, 168hrs at 150 deg. C 

CMOS·MF3 TEST! TEST2 

Lots 1M cycles 1 M cycles + Bake 3M cycles + Bake 

475 0/36575 0/1095 0/870 

1,000,000 Erase/Write cycles GUARANTEED to 150ppm with 99.5% confidence. 

Currently, the range of serial EEPROM devices 
designed with the new cell structure and built with 
the high reliability CMOS·MF3 (1.5!1) or CMOS­
MF4 (1.2!1) processes covers two quasi-standard 
bus interfaces (1 2C and Microwire) and array sizes 
up to 4K, with BK, 16K and 32K devices in devel­
opment. In addition to devices that operate from the 
standard 5V power supply, there are types (e.g. the 
4K ST25C04) which can operate with supply volt­
ages as low as 2.5V, making them particularly 
useful in mobile communications equipment. Op­
eration at 2.5V is possible because the devices 
contain a charge pump capable of generating 25V 

from a 2.5V rail. This is stabilised to 17V for the 
memory array, resulting in an actual voltage applied 
to the tunnel oxide of about 12V. The charge pump 
operates almost continuously at 2.5V ; at higher 
supply voltages, it operates in bursts sufficient to 
maintain the required current. 

The 1,000,000 cycle performance and future pros­
pects of 2-3,000,000 cycles, is opening up new 
potential uses for EEPROMs. For example as num­
ber and redial memories in Telephone sets - an 
application previously met only by SRAMs with 
battery back-up. 
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TECHNICAL ARTICLE 

EPROM as a technology leader 

Antony Watts 
SGS-THOMSON Microelectronics 
Agrate, Italy 

Over the last few years EPROMs (Electrically Pro­
grammable Read Only Memories) have become 
the overwhelming technology of choice for those 
applications requiring non-volatile semiconductor 
memory. Developments of the EPROM towards 
FLASH technology - FLASH memories are electri­
cally programmable like EPROM and electrically 
erase able - will not detract from the cost effective­
ness or adoption of EPROM. Many microprocessor 
systems have stable code and data storage re­
quirements that are unlikely to need frequent field 
changes that justify the use of FLASH devices. But 
manufacturers wish to continue to have the flexibil­
ity to implement upgrades during manufacturing 
and so do not chose the most cost effective solution 
which is the mask programed ROM. 

Recent developments in systems such as work­
stations using 32 bit microprocessors or printers 
offering a large choice of fonts and offering Post­
script, require higher density and higher speed 
performance EPROMs. 

The trend, shown in Figure 1, shows that the den­
sity of EPROMs has quadrupled every three years 
in the last decade. Improved performances, in par­
ticular access time and programming time, have 
been achieved, even with an increase in chip size 
for every successive generation. This rapid evolu­
tion has been achieved mainly because of the 
typical self-aligned, stacked cell, shown in the SEM 
photograph of Figure 2, with its ability to be scaled 
down, together with the supporting technologies 
and improvements in photolithography. 

An EPROM cell consists of a single transistor 
whose threshold voltage is modified during pro­
gramming by the injection of hot channel electrons 
on to its floating gate. To erase the EPROM, ultra­
violet light is used to excite these electrons over the 
oxide barrier. 

July 1991 

In developing higher densities which demand very 
high performance dielectrics and high voltage ar­
chitectures, EPROMs have been the technology 
drivers which have resulted in many other products, 
for example microprocessors which include on the 
same chip many types of memory, RAM, ROM and 
EPROM or EEPROM. 

The key points for multi-megabit EPROM technol­
ogy are: 
- Compactness: the possibility to reduce chip 

dimensions and cost. 
- Speed: better device performance including 

both faster access time and reduced pro­
gramming and test times. 

- Reliability: good retention characteristics. 
- Manufacturability: that is an overall valuation 

of the critical points of the process architecture 
and technology steps. For example for the pro­
cess architecture the sensitivity to variations in 
the process technology parameters, or for the 
technology steps the suitability to meet 
defectivity targets. 

Compactness 

The EPROM technology trend beyond 1 Megabit 
size is shown in Table 1 . The scaling factor is about 
0.75 for each generation. To have some idea of the 
meaning of squeezing the memory cell area, con­
sider that every three generations the EPROM cell 
fits in the contact hole area of its great grandfather: 
contact size was 9 11m2 the 64K bit generation and 
411m2 in the 256K bit; the 4 Megabit cell, at 9 11m2 

fits the contact hole area of the 64K device and the 
4 11m2 cell of the 16 Megabit fits the contact hole of 
the 256K. Consequent layout rules have become 
more and more aggressive, stressing the role of 
photolithographic development. 

Scaling down dimensions, taking into account the 
high voltage needed for programming, imposes the 
need for improvements of active and passive par­
asitic elements. As the process complexity in-

1/6 
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creases the equipment requisites in terms of pro­
cess control are more severe due also to the adop­
tion of larger wafer sizes. 

From an economical point of view, redesign in a 
new technology of previous memory sizes reduces 
costs and increases profitability of products that 
have already reached maturity in the market. 

Speed 

It becomes more difficult to achieve higher speeds 
in terms of access time as memory capacity in­
creases, because an increase in chip size pro­
duces an increase in wiring capacitance and wiring 
resistance. A typical scenario is the technology 
scaling factor of 0.75 for a new generation, but an 
increase of complexity by a factor of 4. Bit line delay 
is proportional to single bit parasitic capacitance 
(the bit line resistance is neglected since it is a 
metal interconnect). This means that increasing the 
number of bits by 2 and reducing the single bit 
parasitic capacitance by 0.75, the bit line delay 
increases by 1.5 times. In the other direction the 
word line delay is proportional to the single bit 
parasitic RC time constant (in this case the resis­
tance cannot be ignored as the interconnect of the 

Figure 1. Chip size and access time 

Chip size(mm sq) 

Access time 

100 

Chip size 

word line is polysilicon covered by silicide) times 
the square of the number of cells in the minimum 
decoded array. This means, for the same example, 
an increase of the word line delay by a factor of 3. 

Despite these inherent difficulties a high speed can 
be realized, as was shown in Figure 1, mainly by 
not increasing the size of the decoded array, which 
means increasing the area occupied by the decod­
ers and as a consequence the overall chip area. 
Access times will eventually reach a limit as shown 
by the forecast for the 16 Megabit in Figure 1. 

In the future we can expect that EPROM technol­
ogy will divide so that large memory capacity ori­
ented architectures will co-exist with high speed 
orientated ones. More aggressive high density 
EPROM cell designs are being evaluated to allow 
rectagularization of the array with long bit lines and 
short word lines. 

EPROM cell design also affects speed, high mem­
ory cell current in reading and fast programming 
time are the main issues to trade off against the 
parasitic effects. In the 4 Megabit generation the 
typical memory cell in writing conditions ensures 
more than 3 Volts threshold shift after less than 
1 0 !!S programming time. 

Access time (ns) 
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Reliability 

EPROMs display excellent non-volatile character­
istics, with the ability to retain their programed 
contents for over ten years, typically twenty. This is 
accomplished by storing electrons on a floating 
polysilicon gate. Because a typical EPROM has of 
the order of 100,000 electrons stored on its floating 
gate, it is sensitive to leakage currents through the 
oxide as low as 1 o-23 Amps, this is equivalent to a 
leakage of less than 10 electrons per day! 

Data retention is not only determined by the leak­
age mechanism but also by charge sharing by 
mobile positive charges. A positive charge density 
of 1012 ion/cm2 attracted near the floating gate can 
destroy the information stored in that bit. This 
means that only 10 ppb of ionic contamination into 
the passivation layers could affect data retention. 

Other key reliability failure modes, such as elec­
tromigration, hot electrons, oxide wearout, etc have 
to be evaluated in the severe environment of high 
programming voltage and high temperatures used 
for the bake tests (at 250 °C) used to ensure data 
retention. 

However due to the introduction of new oxide for­
mation steps, device structures such as LDD 
(Lightly Doped Drain) and other technological inno­
vations, reliability has reached a very high level. 

The technological step evolutions for the 1 Megabit 
EPROM and beyond are shown in Table 2. Each 
star represents a technology or device innovation 
with respect to the previous generation. It is import­
ant to note that new photolithography has to be 
introduced in every new generation. Key points in 
the evolution are the improved interpoly dielectrics 

Table 1. EPROM Technology trend 

1 Meg 

Gate Length 1.2 

Active Area w/s 1.0/2.0 

Gate Pitch w/s 1.2/1.6 

Metal Pitch (two contacts) 2.8 I 1.6 

Contact Size 1.4 I 1.6 

Gate Oxide 280 

Cell Area 19 

Die Size 46 

Wafer Diameter 150 
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to improve data retention, barrier layer metal to 
improve contact resistance and reliability, as well 
as poly-silicide gates and LDD transistors to im­
prove speed and high voltage handling. 

Manufacturability 

Four important curves bound a region in which an 
EPROM cell must operate to give good overall 
performance over a spread of manufacturing vari­
ations. These are shown in Figure 3. 

The curve A at the bottom plots the gate length 
against the drain voltage which achieves a 3V 
threshold shift with a writing time of 15 microsec­
onds and a typical applied gate voltage of 11.5 
Volts. These values represent the typical good 
writing performance for a 4 Megabit memory cell. 

Curve B is a limitation set by the need to have a 
reading current high enough to meet the access 
time speed targets for the memory. Longer gate 
lengths give lower currents. 

Curve Cis the limit imposed by the gate breakdown 
voltage and by an effect known as "drain turn-on" 
in which the leakage of unselected memory cells 
on the bit line causes a voltage drop and degrada­
tion of the programming characteristics. Remaining 
below curve C ensures that a cell with 1 OnA leak­
age has a good performance. 

Snap back must be avoided because the high 
substrate currents it causes can lead to latch up in 
CMOS devices and consequent device damage. A 
minimum drain voltage is required to avoid snap 
back, this is shown as curve D. 

4 Meg 16Meg 64 Meg Unit 

0.8 0.6 0.4 Jlm 

0.8/1.6 0.6/1.5 0.4 /1.0 Jlm 

0.8/1.4 0.6/0.8 0.4 I 0.5 11m 

2.0 I 1.0 1.2 I 0,8 0.8 I 0.5 Jlm 

1.0 I 1.0 0.6 I 0.6 0.4 I 0.4 Jlm 

200 160 130 A 

9 4 1.5 11m2 

90 140 200 mm2 

150 150-200 200 mm 

---------------------------~~~@~2m~~~~------------------------~3~16 
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Table 2. EPROM Technology evolution 

1 Meg 4 Meg 16 Meg 64 Meg 

Min. Feature 1.211m 0.811m 0.611m 0.41!m 

CMOS scheme • n-well 'Twin-tub • Twin-tub • Twin-tub 

Isolation LOCOS LOCOS • Advanced • Recessed 

lnterpoly Oxide Oxide 'Oxide/ONO 'ONO 

Gate • Silicide • Silicide • Silicide • Silicide & p'/n' poly 

Drain 'LDD nch • LDD nch/pch • LDD nch/pch • 3.3V nch/pch 

lnterlevel PSG 'BPSG 'BPSG/ RTP 'BPSG I RTP 

Photolito • G-Line • 1-Line • 1-Line • Deep UV 

Contacts • SA on • Barrier • W plug • W plug 

Interconnect 1 metal 1 metal 1 metal • 2 metal 

Note: • indicates a technology or device innovation compared to the previous generation. 

Figure 2. 4 Megabit EPROM cell 
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Figure 3. Cell working area, 4 Megabit EPROM (cell 9flm2) 
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Figure 4. Defectivity targets, 1 Megabit to 16 Megabit EPROM 
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Manufacturability (cont'd) 

These four curves define a region within which 
good EPROM cell performance may be obtained. 
Manufacturing neccessities require that the good 
behavior be guaranteed in spite of spreads in the 
writing drain voltage and gate length variations. 
The curves define a rectangular area shown in 
Figure 3, which represents a cell suitable for man­
ufacturing. For a drain voltage of 6.1 Volts ± 300 
millivolts the cell performances are well above the 
acceptable limits over a wide range of cell gate 
lengths, centered around 0.8 microns. 

In addition there are two other limits shown in 
Figure 3, curves E and F. These are for soft writing 
and soft erase. Cells with short gate lengths can be 
affected by protracted reading operations which 
cause unwanted writing of the cell. Unwanted era­
sure can also occur at higher drain voltages. 

An issue associated with technology scaling which 
puts continued pressure on yield and reliability is 
the technology sensitivity to smaller and smaller 
defects. As device geometry is scaled, defects that 
may not have had much impact on manufacturabil­
ity of earlier chips can now cause yield loss and 
affect chip reliability. 

Defectivity targets for each process step are calcu­
lated and technology is tuned to meet these spec­
ifications. The defectivity targets for the main 

critical layers of the construction are shown in 
Figure 4. Defects are shown per kilometer, for a 150 
mm wafer, for example the average length of the 
metal interconnect is about 2 Km. 

The targets are achieved by improvements in tech­
nology steps through the elimination of process 
excursions as well as continuously tightening the 
"normal variation". The use of in-line SPC monitors 
plays a big role in the qualification and manufactur­
ing of new technologies. 

Conclusion 

Three main considerations have increased the in­
terest in EPROM technology: first the increase in 
the use of EPROMs as non-volatile memories, 
second the need for leading edge submicron pro­
cesses to meet targets of speed and density, and 
finally the EPROM technology skill that has re­
sulted in improved process control methodologies, 
automation and manufacturing science to meet 
defectivity and reliability targets. For the future 
these form an excellent basis for the continued 
development of higher density EPROMs and the 
newer FLASH MEMORY products. 

With acknowledgements to G. CRISENZA, whose 
inputs were the basis for this article. 
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TECHNICAL ARTICLE 

Fast access time non-volatile memory 
ZEROPOWER solution 

Antony Watts 
SGS-THOMSON Microelectronics 
Agrate, Italy 

Memories are one of the most important semicon­
ductor products in the whole spectrum of devices 
made today, they are fundamental in all systems 
that process or store information. The variety of 
memory products produced is very broad, but they 
can be broken down into two major families -
volatile and non-volatile memories. Volatile memo­
ries are those types that loose their stored contents 
when the power is removed, while non-volatile 
memories are able to retain the stored data without 
external power applied. 

Figure 1. Family tree of memory types 

VOLATILE 

July 1991 

Volatile Memories 

Typical of the volatile family are the DRAM and the 
standard SRAM types, products which have me­
dium to fast access times for both reading and 
writing (10-200ns) and medium to high storage 
capacities (in regular production up to 4 Megabit 
for DRAM or 1 Megabit for SRAM). DRAMs store 
their information bits by a charge on a small capac­
itor, which must be continuously refreshed to pre­
vent charge decay with subsequent loss of the 
data. SRAMs use a simple 'flip-flop' circuit to store 
data, the state of which will be lost if power is 
removed, even momentarily, from the circuit. 

1/5 
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Non-volatile memories 

There are more varieties of non-volatile mem-ory 
products. The simplest is the mask pro-gramed 
ROM which has read access times of 80-200ns but 
must be "written" at the manufac-turing stage by a 
custom program mask. 

The most widely used non-volatile memory is the 
EPROM. This memory can be programed electri­
cally, taking 1 OJ.Ls to 1 OOJ.LS per byte, and erased by 
exposure to UV light for about 20 minutes. The read 
access time is however compatible with DRAMs, in 
addition some high speed EPROM products offer 
fast 55-80 ns read access times. EPROMs store 
the mem-ory content by holding an electron charge 
on a floating gate in a dual gate transistor cell, 
devices up to 4 Megabit are in full production. 

The EEPROM also stores its contents by charge 
on a floating gate in the same way as an EPROM, 
but can be written and erased electrically, byte-by­
byte. Access times are similar or a little slower than 
an EPROM. EEPROMs however are limited in size 
due to the higher circuit complexity needed for byte 
erase and the size of the cell in the design, products 
up to 1 Megabit are available, with smaller sizes up 
to 16K having serial 1/0 bus access. 

A relatively new development is the FLASH mem­
ory, this is a variation on the EPROM/EEPROM, 
able to be programed byte-by-byte like an EPROM, 
but erased electrically in bulk (ie, in a flash). The 
information is stored as a charge on a floating gate. 
The mechanism for loading the charge on the 

floating gate is like the EPROM (hot electrons) but 
for charge removal it is like the EEPROM (tunnel­
ing). Write and erase times are slow (milliseconds 
to seconds) but read access times are similar to 
EPROM. Future developments of the FLASH 
memory seem likely to take over a part of the ROM 
and the EPROM markets, and to stimulate new 
uses for semiconductor memory, for example the 
replacement of the floppy disk. 

System needs 

In many of today's applications, non-volatile mem­
ories are required which provide fast read, write 
and erase access times and retain their contents 
reliably when the power supply is removed. In 
addition the memory must be protected from false 
write operations at times when the system power 
supply is outside the specification limits. When the 

. supply is completely removed the memory must 
switch its operation to a non-volatile storage mode. 

Non of the traditional non-volatile memories 
(EPROM-FLASH-EEPROM) offer fast write times, 
all requiring milliseconds rather than nanoseconds 
to store a byte of data. FLASH memories have a 
very slow "in-system" speed as they must be pro­
grammed and erased, an operation requiring sec­
onds, before they can be re-written. Memories 
types like the EPROM, FLASH and EEPROM 
which use charge storage also have a limited 
erase/write cycle life, ranging from 100 or so cycles 
for an EPROM, 1000 to 10,000 for a FLASH and 
up to 1 ,000,000 for the best EEPROMs. 

Table 1. Access times of memory types, and data storage method 

Access Time 
Memory Storage Method 

Read Write Erase 

DRAM 70 · 150ns 70- 150ns - Charge on capacitor 

SRAM 10- 200ns 10- 200ns - "flip flop" circuit 

EEPROM 100 · 200ns 5- 20ms 5 -20ms Charge on floating gate 

FLASH 100- 200ns 10- 100/lS 1·5sec. Charge on floating gate 

EPROM 80- 250ns 10- 100j.lS 20 min. Charge on floating gate 

ROM < 100ns - - Masked in production 

ZEROPOWER 100- 150ns 100- 150ns - SRAM with battery back-up 

TIMEKEEPER 100 -150ns 100- 150ns - SRAM with battery back-up 

-21-5------------~ ~i~©n&i~cf~Y~ --------------
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For these reasons designers have frequently re­
sorted to using SRAM products and providing a 
battery and switch over circuits as a solution. The 
complexity of the discrete circuits needed to imple­
ment these functions reliably can become costly, 
both in design time, in PC board area and compo­
nents. Moreover many standard SRAMs are not 
designed for very low power standby consumption, 
meaning either that a bigger and more expensive 
battery must be used, or that a shorter life time 
between battery replacements must be accepted. 

ZERO POWER and TIMEKEEPER memories 

A solution to the need for long life, non-volatile 
memory with fast read, write and erase times 
is the ZEROPOWER range of SGS- THOMSON 
Microelectronics. These products function exactly 
like a standard SRAM with 1 00 -150 ns access time 
when power is applied. But switch over to battery 
maintained operation when the external power is 
removed. They are specially designed to have ultra 
low standby current consumption to give long bat­
tery life. 

Incorporated on the same chip as the SRAM is a 
circuit to detect power failure at an accurate trip 
voltage, this circuit write protects the memory when 
the power falls below the system specification level. 
At a lower voltage it activates a chang-over from 
external supply to battery back-up for the SRAM. 

The construction of the ZEROPOWER prod-ucts is 
a standard DIP package for the SRAM with a 
''top-hat" mounted above which contains the bat-
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tery. Thus providing a pin compatible, plug in re­
placement for a standard SRAM. The pin-out is the 
JEDEC standard for SRAM, closely matching also 
that of EPROM and EEPROM products. 

Two sizes of ZERO POWER memory are available, 
the MK48Z02 offering 2K bytes of memory and the 
MK48Z08 with BK bytes of SRAM. When external 
power is applied these memories provide SRAM 
performance with read and write access times of 
100-150 ns. 

The external supply is constantly monitored and if 
it falls below the power fail threshold, the 
ZEROPOWER will automatically power-fail de­
select, thus write protecting itself. The detection 
window for the power fail deselect (PFD) is accu­
rately controlled, and the prod-ucts are offered in 
two versions suitable for systems with supplies of 
an accuracy of 5% or 10%. The voltages for PFD 
are 4.75-4.5V or 4.5-4.2V. 

At a lower voltage of Vee, around 3V, the SRAM is 
switched over to battery power to maintain its con­
tents. In order to provide a monitor of the battery 
state, its voltage is checked when external power 
is re-applied and rises to the switch over point. If 
the battery voltage was too low a warning flag bit 
is set and can be checked by the software after 
power up. This flag therefore indicates that the 
memory contents could be unreliable. 

One of the major concerns in non-volatile memory 
systems is the retention life of the memory. Typical 
EPROM or EEPROM products offer 1 0 year data 
retention. For a battery backed SRAM the retention 

Table 2. Pros and Cons of EPROM, FLASH and EEPROM 

Memory Advantage Disadvantage 

Very slow erase 

EPROM Low cost Slow wnte time 

1 00 cycle endurance 

Bulk erase only 

FLASH Electrical erase in circuit Slow write time 

1 0,000 cycle endurance 

Electrical erase byte-by-byte Slow write time 
EEPROM 

1 ,000,000 cycle endurance High cost --

_____________ ~ ~~©•~~~n _-------------=3='5 
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depends on the battery characteristics. The life of 
the battery is controlled by the temperature and 
almost independent of the percentage of time the 
ZEROPOWER device spends in battery back-up 
mode. From the results obtained in nearly I 0 years 
of testing of battery performance, SGS-THOMSON 
is able to guarantee a battery life of more than II 
years, worst case, at the maximum operating tem­
perature of 70 deg C. This is equivalent to nearly 
200 years at room temperature. 

Memory plus Real Time Clock 

Another non-volatile memory product family using 
the same ZEROPOWER technology are the 
TIMEKEEPERs. These provide both a battery 
backed SRAM with power fail deselect and back-up 
operation, plus a Real Time Clock. 

A special, very low power, 32,768Hz oscillator is 
incorporated in the chip design, together with a 
clock divider chain. The time from the clock is 
copied once per second into registers which are 

part of the SRAM address space. The user can 
therefore read the time, coded in BCD, as year, 
month, day, date, hour, minute and second. The 
clock automatically corrects for months with 28 to 
31 days, and for leap years. The crystal for the clock 
oscillator is built into the "top-hat" mounted above 
the device dual-in-line package. 

The time may be set by software and the calibration 
of the clock can also be made by software program­
ming, as an 'advance' or 'retard' count of the clock 
divider chain. 

The MK48T02 provides a 2K byte SRAM and the 
more advanced MK48T08 an 8K SRAM capacity. 
The MK48T02 clock crystal has an accuracy of 
+1-35 ppm, giving an accuracy of +/-1.53 minutes 
per month, worst case, typically it is better than +/-1 
min/mth. Digital calibration can be made up to +1-63 
ppm or +1-5.35 sec/mth. 

The MK48T08 provides a memory capacity of 8K 
bytes and has an extended calibration range of 
+5.5 or -2.7 minutes per month. 

Figure 2. Exploded view of TIMEKEEPER construction 

Lithium Power Cell Crystal for 
TIMEKEEPER Devices 
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Battery life 

The life of the battery for the TIMEKEEPER devices 
depends on the current consumption of the clock 
oscillator and divider chain. The MK48T02 requires 
1.2l!S but the MK48T08 has an ultra low power 
circuit consuming only 445 nA. The life expectancy 
for the battery of the MK48T02 running continu­
ously in battery back-up mode is 3.5 years, and 
over 1 0 years for the MK48T08. 

The ZEROPOWER and TIMEKEEPER devices 
have found applications in many areas, from Fax 
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and Copy machines where they provide time infor­
mation and store phone numbers or service/usage 
data, to the recent Paris-Dakar rally where TIME­
KEEPER devices were used to provide accurate 
timing for the navigation computers. 

They provide an economic solution to the need for 
non-volatile memory with SRAM read and write 
speed performance, saving design time and many 
discrete components. All the products are single 
chip designs offering the highest possible reliability. 

-------------~ ~~~~~~~J1-----------___:5~/5 
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TECHNICAL ARTICLE 

Built-in reliability for 10 FITs performance 
on EPROM and FLASH MEMORY 

Antony Watts 
SGS-THOMSON Microelectronics 
Agrate, Italy 

Floating gate memories have better reliability than 
SRAMs or DRAMs because they are less sensitive 
both to breakdown of the oxide layers at low volt­
ages and to soft errors. In addition floating gate 
memories are designed to operate at the high 
voltages needed for programming and are tested 
at these voltages during production as a screen to 
ensure good oxide integrity. Whereas the oxides of 
SRAM or DRAM products are thinner and cannot 
be tested with high voltage to screen oxide integrity. 

Floating gate memories, with an oxide barrier 
height of 3.2eV, have an almost infinite capability 
for charge storage, even at high temperatures. The 
number of carriers generated by an alpha particle 
passing through the thin oxide of the floating gate 
is very small compared with those generated in the 
silicon substrate. Thus the effect of an alpha par­
ticle on the memory's stored data is small for a 
floating gate memory compared to that for a volatile 
memory where the data is stored on a node con­
nected to part of the circuit diffused in the substrate. 

Failure rate for floating gate memories is deter­
mined mainly by defect density of the technology. 
Quality of dielectrics is the key issue in their relia­
bility, both for data retention in time and for endur­
ance during repeated programming and erasure. 
Retention is affected by conduction at low electric 
fields and endurance by wearout of the oxides due 
to repeated high field tunneling. 

Device Structure 

Both EPROM and FLASH MEMORY use a 
"stacked gate cell", that is a cell design with a 
floating gate and a control gate directly above the 
n-channel of the MOStransistor. Both EPROM and 
FLASH MEMORY are programmed by channel 
hot-electron injection, the EPROM is erased by a 
photoelectric effect caused by exposure to UV light 

November 1991 

and the FLASH MEMORY is erased by tunneling 
through a thin gate oxide. 

The memory cell structure is aT-shaped layout, see 
Figure 1. The cell size is determined horizontally by 
the metal line pitch and vertically by the source line 
width, source line to word line space, gate length, 
gate to contact distance and contact size. The 
actual dimensions of the latest 4 Megabit EPROM 
memory are a cell size of 2.0 x 2.1 microns. The 
cross sections of the cell in two directions are also 
shown in Figure 2 and Figure 3. The arsenic doped 
source and drain junctions are self aligned to the 
gate and are symetrical for the EPROM, while a 
phosphorous diffusion is added to the source of the 
FLASH MEMORY to create a tunnel region and 
allow high voltage to be applied for erasure. A boron 
dose is usually implanted in the channel to increase 
programming efficiency by enhancing electron 
multiplication. 

FLASH MEMORY and EPROM cells are pro­
grammed by applying positive voltage pulses to the 
control gate and the drain. EPROM erasure is 
made by a long period of UV light exposure. FLASH 
MEMORY cell erasure is made by first programm­
ing all cells, then applying a high voltage to the 
source to cause electrons to tunnel from the float­
ing gate through the thin oxide area overlapping the 
source. During the erase operation the drain is 
floating to prevent a large channel current. 

When a charge is loaded on the floating gate the 
threshold voltage of the enhancement mode tran­
sistor increases. The threshold increase is equal to 
the charge loaded divided by the total capacitance 
of the floating gate (to the control gate, source, 
substrate and drain). The voltage on the floating 
gate depends on the charge, the voltages on the 
other electrodes and the capacitive coupling be­
tween the gate and these electrodes. The electric 
field stresses on the thin oxide and the interpoly 
oxide depend on the applied voltages and the 
charge on the floating gate. 

1/13 
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Figure 1. Layout of aT-shaped stacked gate cell 
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Figure 2. Vertical cross-section 
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RETENTION 

Retention is a measure of the integrity of the stored 
data, held as a charge on the floating gate. It 
measures the time between programming and a 
fault in reading the data value. The data may be 
lost due to either charge loss or gain and due to 
intrinsic or defect related mechanisms. In addition 
during programming some stresses may affect 
data retention. 

Programming 

There are three main stress conditions that can 
occur when programming the array: DC Erase, 
Program Disturb and DC Program. These affect 
memory cells sharing a common gate (word line) 
or a common drain (bit line) as shown by the section 
of the memory array circuit in Figure 4. These 
programming stresses affect both the manufac­
turers production yield due to failures at programm­
ing verification, but also field reliability after 
prolonged reading cycles. Important design 
choices of the reading and programming voltages 
minimize these effects. 

Typical programming voltages of 7V on the bit line 
(BL) and 12V on the word line (WL) are shown. 

Figure 3. Horizontal cross-section 
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DC Erase 

With the bias conditions shown in Figure 4, the 
previously programmed cell A is affected by DC 
Erase due to a high gate stress which results in 
charge loss from the floating gate. It occurs when 
another cell (eg B) on the same word line is pro­
grammed by applying a high gate voltage to the 
word line. Cell A sees this high voltage on its second 
poly word line while its drain bit line is held at OV. 
A high electric field occurs across the interpoly 
oxide, large enough to cause tunneling, a loss of 
charge on the floating gate and lowering of the 
programmed threshold voltage of the cell. A similar 
effect could occur during reading of the memory 
array, and so the same defect could be induced by 
prolonged read cycling. The potential diagram for 
this condition is shown in Figure 5. As a test screen­
ing method the DC Erase can be used to test the 
quality of the interpoly dielectric. 

Program Disturb 

Program Disturb affects cell D of Figure 4 and is 
due to a high voltage on the drain while the gate 
and source are at OV. this results in drain stress 
shown in the potential diagram of Figure 6 when 
programming bits on the same bit line. 

METAL Bit Line 

Control Gate 
lnterpoly Dielectric 

Floating Gate 

Gate Oxide 

----------------------------- ~~~~@~~~l~9~------------------------~3~/1~3 
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Figure 4. Memory array showing stress conditions resulting from programming 

BL =Bit Line (Metal), WL =Word Line (Poly) 
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OV 
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ov 

Figure 5. Potential diagram for gate stress on a programmed cell 
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Figure 6. Potential diagrams for drain stress on a programmed cell 
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Figure 7. Potential diagram for gate stress on an erased cell 
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In the EPROM the electric field causes holes gener­
ated in the substrate to collect on the floating gate. 
In the FLASH MEMORY it causes electrons to 
tunnel from the floating gate to the drain. For evalu­
ation purposes this stress may be used to assess 
the quality of the gate oxide oft he EPROM or tunnel 
oxide of the FLASH MEMORY. 

DC Program 

DC Program affects the previously unprogrammed 
cell C of Figure 4 and is due to a high voltage on 
the gate with the source and drain at OV, causing a 
gate stress on the erased cell. The potential diag­
ram is shown in Figure 7. 

A high voltage on the word line causes electron 
tunneling from the substrate to the floating gate, 
mainly on FLASH MEMORY products, and in­
creases the cell threshold voltage. Again a similar 
effect could occur during extended read cycles. 

The effects of these three cell programming factors 
are a pattern sensitivity which must be checked by 
proper production screening, and the reduction in 
Vth of stored logic levels which affects overall 
reliability and which depends on design choices. 

Charge Losses 

Intrinsic related charge loss. There are two 
charge loss mechanisms, intrinsic and defect re-

Figure 8. Potential diagram for a programmed cell 

Floating 

Gate 

lated. Charge transfer due to intrinsic mechanisms 
is minimal and the retention time for a defect free 
cell is thousands of years. 

However two conduction processes occur in die­
lectrics leading to intrinsic leakage current: tunnel­
ing and thermionic emission. Because of the very 
low voltage of the floating gate due to its stored 
charge and self capacitance, the tunneling leakage 
current does not produce any significant charge 
loss in tens of years. At high temperatures the 
thermionic emission could cause charge loss. The 
potential diagram for a programmed cell is shown 
in Figure 8. For a cell with a barrier height of larger 
than 1 eV, tests at 250 degC show intrinsic retention 
of many months, equivalent to a huge number of 
years at normal temperatures. 

But some charge loss is observed with 250 degC 
bake tests as shown by the decrease in the thre­
shold voltage of a cell with time in Figure 9. 

The lost charge seems to be a fixed amount which 
is a small percentage of the stored charge. The 
charge loss rate decreases with the time of the 
bake and does not depend on cell layout. One 
reason for this is the release of electrons trapped 
in the interpoly and gate oxides during a previous 
UV erase. 
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Another is seen in cells using ONO (Oxide- Nitride 
-Oxide) dielectric due to carrier movements in the 
Nitride, electrons moving to the Oxide-Nitride inter­
faces and leakage through the thin oxides. Three 
mechanisms correspond to three different phases 
of the curve of Figure 9. 

The fast initial threshold change is due to carrier 
movement in the Nitride or polarisation effects. The 
second phase is caused by electrons, injected into 
the nitride during programming, moving from the 
bottom 0-N to the top N-0 interface. The third 
phase is a long term charge loss of electrons 
leaking through the top thin Oxide.lmprovements 
in the passivation and the use of gettering are being 
used to provide a solution to the intrinsic charge 
losses. 

Defect releated charge loss. Defect related 
charge loss is due to structual or statistical defects. 
These affect the infant mortality or the wearout of 
the memory. Burn-in can screen for the structural 
defects by activating failures which can be sub­
sequently detected by a 100% electrical test. How­
ever random wearout defects limit most the 
retention of the memory, these are defect related 
charge losses caused by latent failures degrading, 
enhanced by temperature. 
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Two processes cause statistical defects, electrons 
escaping the floating gate and ionic effects. Elec­
tron escape typically causes single bit failure ran­
domly throughout the memory array. Ionic 
processes, due to contamination, affect spot areas 
which are not well protected from environmental 
contamination- for example holes in the final passi­
vation layer. 

Single bit charge loss due to electron escape is 
probably the most important failure mode in an 
EPROM as shown by life tests. Figure 8 and Figure 
9 show the reading current distribution of 4 Megabit 
EPROM cells after programming and after 1000 
hours at 250°C, with the array specially pro­
grammed to easily detect any increase in cell cur­
rent and so monitor the charge loss. The histogram 
has very little shift, but a single bit moves away from 
the distribution and fails. 

The defect may be in the interpoly or gate oxide 
and can be found by making stress tests on pro­
grammed or erased cells - a charge gain on an 
erased cell indicates a gate oxide failure, a charge 
loss on a programmed cell indicates an interplay 
dielectric failure. 

Figure 9. Threshold shift for an EPROM Cell (ONO) with 250°C bake 
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Figure 10. 4Meg EPROM cell reading current distribution after programming 
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Figure 11. 4Meg EPROM cell reading current distribution after a bake at 250°C 
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The leakage current of gate oxide failures show a 
linear dependance on electric field, while it shows 
an exponential relationship for tunnel oxide and 
interpoly oxide defects. The temperature depend­
ance displays an activation energy of 0.6eV for 
gate and interpoly oxides and 0.25eV or less for 
tunnel oxide. The activation energy for ONO inter­
poly dielectric is 0.8eV. Figure 10 and Figure 11 
show the temperature dependance of the failure 
times for gate oxide and ONO. 

The leakage of the gate oxide is due to hopping 
conduction. The tunnel oxide leakage is very simi­
lar to actual tunneling, during erasure, of the 
FLASH MEMORY. Charge loss when ONO dielec­
tric is used is associated with poor quality of the 
bottom oxide but is also affected by the relative 
thicknesses of the oxide and nitride layers. So 
many mechanisms come into play that the defect 
related charge loss is not a fixed amount but de­
pends on the nature and position of the defect itself. 

Ionic processes are mostly due to defects such as 
pin holes in the final passivation or intermediate 
dielelectric which allow mobile ions to diffuse into 
the array. These ions compensate the charge on 
the floating gate and move the threshold voltage of 
the cell. Ionic contamination can be detected by a 
sequence of high temperature bake, programming, 
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UV erasure and baking again. The charge loss after 
the first bake due to the electric field of the stored 
negaitve charge, and the charge gain after the 
second bake due to ion concentration gradient, 
cause a localized region around the pin hole defect 
to rapidly fail. The activation energy of these types 
of defects is 1.2 to 1.8eV. 

ENDURANCE 

Successive program and erase cycles cause pro­
gressive damage to the thin oxide under the float­
ing gate of non-volatile memories. The current in 
the oxide creates traps and damage proportional 
to the charge density passing through. The result 
of the trapped charges is that the stored charge on 
the floating gate has a reduced effect and the 
threshold change between a programmed and an 
erased cell narrows as shown in Figure 14. 

The endurance is defined as the maximum number 
of cycles that the memory can withstand before the 
threshold shift is so small that the bit(s) fail. The 
intrinsic wearout is due to charge trapping in the 
thin oxide, whereas oxide breakdown of the tunnel 
or gate oxide is caused by a defect related failure. 
FLASH MEMORY have an additional failure mech­
anism due to hole trapping in the thin oxide. 

Figure 12. Temperature dependence of failure time for bits with gate oxide defects 
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Figure 13. Temperature dependence of failure time for bits with ONO interpoly defects 
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Figure14. FLASH MEMORY programmed and erased threshold voltage versus P/E cycles 
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Intrinsic endurance is due to trapping of a small 
amount of the charges flowing through the thin 
oxide, it is proportional to the square of the oxide 
thickness and affects a textured poly's oxide more 
than a thin oxide. It has an activation energy of 
-0.1 eV due to thermal de-trapping during pro­
gram/erase cycles. 

Defect related endurance is an entirely random 
process of the breakdown of the thin oxide. The 
breakdown is gradual rather than sudden, and 
irreversible. Breakdown can occur also in the mem­
ory decoding circuits due to the high voltages re­
quired for program and erase. A typical defect seen 
is row or column failure. 

Since the endurance performance is due to the thin 
oxide defects, the memory endurance is propor­
tional to the memory size. However the construc­
tion of the cell, see Figure 1, greatly improves the 
FLASH MEMORY endurance so allowing high den­
sity memories with an endurance of a large number 
of program/erase cycles. The first reason for this 
is the smaller area of the tunnel oxide with this 
construction using floating gate and source over­
lap, as opposed to a construction where the tunnel 
oxide is defined by a mask. The second is the better 
intrinsic quality of the tunnel oxide grown over a 
region of lighter doping of the source. Finally in the 
FLASH MEMORY the longer, lower voltage erase 
pulses give a lower stress to the oxide. Figure 14 
shows the performance of the FLASH MEMORY 
cell up to 100,000 program/erase cycles. 

SCREENING AND LIFE TESTS 

Accelerated life tests are used for reliability assess­
ment. The data retention failure mechanisms are 
temperature dependant and the most important 
accelerating factors are known. Failure analysis 
techniques are advanced and can identify the spe­
cific failures. Table 1 shows the activation energies 
for common data loss mechanisms. 

Built-in Reliability 

The current approach is to build-in reliability to 
acheive acceptable failure rates for future floating 
gate memories. The approach is to understand all 
the reasons for failure instead of just predicting the 
time-to-failure. The reliability is assured by control 
of the manufacturing process and environment. 

Effectiveness and cost considerations support this 
approach: As technological complexity increases 
and dimensions scale down failure analysis 
becomes less and less practical. A huge number of 
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Table 1. Activation energies for common 
data loss 

Failure Mode Activation Energy 

Oxide Breakdown 0.3 to 0.36 eV 

Oxide Defects 0.6 eV 

Intrinsic Charge Loss 1.2 to 1.4 eV 

Intrinsic Charge Loss 0.36 eV !orONO 

Ionic Contamination 1.2 to 1.3 eV 

Cycling Induced 1.1 eV Charge Loss 

devices have to be tested to demonstrate a relia­
bility goal of 10 FITs. Longer test times of high 
density memories are becoming too costly or even 
not feasible. 

All manufacturing aspects have to be controlled, for 
example the cleanliness of quartzware, the ana­
lysis of oxidation ambient or the control of particles 
due to each process and equipment. In line moni­
tors have to be used to control process variations. 

Many process variables can be correlated to each 
reliability failure mechanism, a fishbone diagram 
illustrates this dependance. Figure 15 shows a 
tentative diagram for data retention in EPROM 
products.The input variables of this diagram can be 
divided into intrinsic and defect related. 

Variation from the target values of parameters, 
used for the process characterisation, have to be 
reduced to zero to maintain the intrinsic perfor­
mance. For example oxide thickness, floating gate 
doping and stacked gate profile are important for 
intrinsic data retention. 

Defect related failures are improved by modifying, 
updating or replacing defect generating process 
steps or equipment. Examples are 'in-process 
charging' or oxidation ambient. 

Ultimately the control of the process dispersions 
will yield improvements in quality and production 
yields with a reduction in reliability failures. Table 2 
shows the evolution of EPROM and FLASH MEM­
ORY with also the target reliability FIT and quality 
AOQL. 
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Table 2. EPROM & FLASH MEMORY evolution 

Sector 

1990 1991 

Technology 1.2 0.8 

Cell Size 19 9 

Memory Density 1M 4M 

Die S1ze 46 87 

Equivalent 1M Die 46 27 

FITS 26 14 

AOQL 65 31 

CONCLUSION 

EPROM data retention and FLASH MEMORY en­
durance are the two key reliability factors for these 
non-volatile memories. Intrinsic retention failure 
mechanisms make only a small contribution to the 
failure rate, both from electronic or ionic processes. 
Floating gate memory retention is most dependant 
on defect density. The quality of the dielectrics is 
the key issue: both retention and endurance are 
features of the same dielectric. FLASH MEMORY 
endurance is limited by hole trapping and destruc­
tive oxide breakdown during program/erase cy­
cling. 

TA109 

Years 
Unit 

1992 1993 1994 

0.6 0.5 0.35 ll 

4 3.2 1.5 !.12 

16M 16M 64M bit 

130 105 200 mm2 

16 11 7 mm2 

10 7 5 

10 5 3 ppm 

A new methodology, building-in reliability, is being 
implemented to improve reliability by classifying 
and controlling the variables in the manufacturing 
process. 

Acknowledgement is given to the paper presented 
by G. CRJSENZA, G. GHJDJNJ and M. TOSJ at the 
ESSREF 91 conference in Bordeaux for the source 
material for this article. 
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TECHNICAL ARTICLE 

Trends in Non-Volatile Memories 

Antony Watts 
SGS-THOMSON Microelectronics 
Agrate, Italy 

The "silicon cycle" showed a dip in the market for 
memories in 1 990 followed by a small recovery in 
1 991. Forecasts up to 1 995 are for a recovery with 
the total market rising to over 25 B$. 

More than half the market is for DRAM. Non-Vola­
tile memories represent 3.5 B$ in 1 991 or 26% of 
the total. The 1991 and 1995 forecasts are shown 
in Table 1. 

The relative share of the market held by ROM and 
EPROM will be eroded in favour of FLASH MEM-

Figure 1. Memory Market 1985·1995, toM$ 

M$ 

ORY during the next 4-5 years. But FLASH MEM­
ORY will also grow from new applications and 
replacement of a part of the DRAM market. 

The cost and functionality of the spectrum of Non­
Volatile memories is shown in Table 2. 

The highest functionality is shown by EEPROM 
devices, both the smaller (1-16k) serial access 
types and the medium size (64k-1 M) parallel prod­
ucts have Byte Rewrite capability. The FLASH 
MEMORY, using byte programming like EPROM, 
have only block or bulk erase. The EPROM has 
only bulk erase by UV light taking minutes to cancel 
the content of the whole memory. ROMs are per­
manently programmed at the mask level. 

• DR E3 SR 0 RO 0 EP 0 FL • EE 
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Non-Volatile memory, the Stacked Gate Cell 

EPROM and FLASH MEMORY Stacked Gate Cells 
(SGC) are n-channel transistors with the addition 
of a floating gate. Both EPROM and FLASH MEM­
ORY are programmed by hot channel electron 
injection, but they are erased by different mechan­
isms: the EPROM by a photoelectric effect from 
exposure to UV light, the FLASH MEMORY by 
Fowler-Nordheim tunneling through a thin gate 
oxide.The conventional SGC layout is in the form 
of aT as shown in Figure 2. A diffused source and 
drain are covered by two polysilicon layers forming 
the floating gate and the control gate or word line. 
The metal bit line runs vertically and makes contact 
at the drain. The floating gate is isolated from the 
channel by thin oxide and from the second poly­
silicon control gate by oxide or Oxide-Nitride-Oxide 
interpoly dielectric. During the construction the ar­
senic doped source/drain junctions are self-aligned 
to the gate. They are symetrical in the EPROM, but 
a phosphorous doping is added to the source in the 
FLASH MEMORY cell to create the tunnel region 
and support the high voltage required. A boron 
dose is implanted in the channel to prevent punch­
through and to increase programming efficiency by 
enhancing electron multiplication. 

The cell size, in generations up to the 4 Megabit 
EPROM, is limited in the horizontal direction by the 

metal bit line interconnect pitch. In the vertical 
direction the limit is from the source line width, the 
source line to word line space, the gate length, the 
gate to contact distance and the contact size. Tech­
nology improvements with self aligned source 
(SAS) are implemented in the 16 Megabit genera­
tions to reduce the cell size. 

The operation of the SGC can be understood by 
the use of a simple equivalent circuit which enables 
the floating gate voltage Vfg to be calculated. The 
total floating gate capacitance Ct is, 

Ct = Cpp + Cd + Cs + Cb 

If Cj is the capacitance of the floating gate to any 
electrode 'j', the coupling ratio Aj = Cj/Ct, then, 

Vfg = Ag*Vcg + Ad*Vd + As*Vs + Ab*Vb + Q/Ct 

and when the floating gate is loaded with an elec­
tron charge Q, 

Change in threshold voltage = Q/Cpp 

When the cell is programmed by loading an elec­
tron charge on the floating gate, the transistor 
threshold voltage goes up from the virgin value 
(typically 2-3V) to the programmed value (6-?V). 
The values of the coupling ratios are found exper­
imentally, and when known can be used to provide 
an accurate simulation of the SGC MOS transistor. 

Table 1. 1991 and 1995 forecast for Non-Volatile memories 

Memory Type 1991 % 1995 % 

ROM 1311 40 1847 30 

EPROM 1543 47 2266 37 

FLASH 100 3 1400 23 

EEPROM 337 10 586 10 

Total 3291 100 6099 100 

Table 2. Cost and Functionality 

Memory type Functionality 
Cost ($/M Byte) 

1991 1995 

EEPROM Byte Rewnte Lower Density 1275 300-350 

FLASH Electrical Erase Block or Sector 100 18-25 

EPROM UV Eraseable Or OTP 51 15-20 

ROM Not Reprogrammable 8 2.5-3.5 

=2/...:.15=-------------~ ~~~©m~~~~~~ _____________ _ 
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Figure 2A. T-Shaped Stacked Gate Cell 
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Figure 2C. Cross section along poly word line 
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Programming 

Hot channel electron injection, which is discour­
aged in normal transistors, is enhanced in the cell 
to improve the gate current lg, or programming 
efficiency. Programming curves for an SGC are 
shown in Figure 3. The cell is programmed by 
applying positive voltage pulses to the control gate 
(11 V) and the drain (6V). Curves are shown without 
and with source and drain resistances. 

The curve of Figure 4 is derived from Figure 3 and 
shows the gate current versus the floating gate 
voltage during programming. Two separate regions 
are present. In the injection limited region Vfg > Vd 
the energy distribution of hot electrons is reduced 
by the low lateral electric field even though the 
vertical field is suitable for injection. The second 
region is the electrode limited region Vfg < Vd. Here 
the hot electron distribution is confined to the lateral 
field region where the potential barrier is higher. An 
important point is the knee of the curve where Vfg 
= Vd. At this point, 

Vfg = Ag*Vcg + Ad*Vd- Ag*(Vt-VtO)(t) = Vd 

where (vt-VtO)(t) is time dependant and a critical 
parameter for the cell, 't' can be considered to 
represent the programming speed of the cell. Vari­
ations of the device parameters and applied volt-

TA110 

ages impact on the coupling ratios of the cell and 
so on the equation. As programming speed is a key 
issue for EPROM and FLASH MEMORY all effects 
depending on the array organisation and layout 
have to be understood. As can be seen from Figure 
3, series resistance in the source and drain can 
dramatically affect programming. 

Erasure 

EPROM erasure is made by exposure to UV light. 
The electrons stored on the floating gate are ex­
cited by incident photons and escape from the 
potential well. Erase time depends on the tranpar­
ency of the dielectrics used, but is several minutes. 

FLASH MEMORY erasure is made by applying a 
high positive voltage pulse to the source. This 
creates a high electric field across the thin gate 
oxide and electrons tunnel from the floating gate to 
the source. During erasure the drain is left floating 
to prevent a large channel current. Some substrate 
current occurs due to band- to-band tunneling be­
cause of the large electric field induced in the silicon 
surface, this leakage current can limit the erase 
speed and affect the endurance reliability. It can be 
avoided by the correct design organisation of the 
memory. FLASH MEMORY erase time varies from 
milliseconds to seconds. 

Figure 3. Threshold shift against programming time 
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Figure 4. Gate current against floating gate voltage during programming 
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Cell working area 

The good functionality of a cell is based not only on 
the writing efficiency, but on the robustness to 
parasitic effects and programming effects such as, 

- Drain turn-on 

-Snap back 

- Soft programming during reading 

- Soft erasure during writing 

These effects can be clearly seen in a graph of 
Drain Voltage versus Gate Length as these are the 
main variables which determine the cell electric 
fields. 

The cell working area is confined by several forbid­
den areas of active and parasitic effects as shown 
in Figure 5: 

- 1: Programming speed 

- 2: Reading current 

- 3: Snap-back effect 

- 4: Drain turf]-On 
- 5: Soft Programming 

- 6: Soft erasure 
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Within these constraints a working area for the cell 
is defined by the box shown. Manufacturing toler­
ances must hold the cell within the limits of the box. 
The wider the box by design, the more the 
manufacturability of the memory. 

A similar diagram can be drawn for FLASH MEM­
ORY where the disturbance of the memory during 
write is enhanced due to the thinner oxides used. 
In the FLASH MEMORY the endurance must also 
be taken into account, EPROM endurance is not a 
critical parameter and typically ranges around 100 
cycles, but FLASH MEMORY endurance must ex­
ceed 1 00,000 cycles. During this life time the mem­
ory parameters should remain with a defined 
operating area without degradation of the electrical 
characteristics. 

Scaling Down 

In semiconductor memory tecnology there is al­
ways the constant effort to fit more memory cells 
on the wafer. EPROM density has quadrupled 
every three years -see Figure 6. 

Through the development of high performance di­
electrics and high voltage architectures, the 

Figure 6. Evolution of EPROM density, chip size and access time 
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EPROM has served as a technology driver. The 
EPROM technologies have been adopted by many 
other products, like microprocessors with embed­
ded (EPROM, EEPROM) memories on the chip. 

To give some idea of what the reduction of chip area 
means, every three generations the whole EPROM 
cell size is reduced so that it would fit into the 
contact area of the original generation. As the 
process complexity increases, equipment require­
ments and process control become more severe. 
Economically however, scaling down is essential 
and allows redesign in new technologies of all sizes 
of memories, thus reducing costs and increasing 
profitability of products that have reached maturity 
on the market. 

Scaling Down rules 

Scaling down the transistor sizes, while maintain­
ing the power supply at 5V and the capability 
handle high programming voltages, places greater 
stresses on the materials. Figure 7 shows the trend 
for scaling the gate length through the various 
generations of EPROM. 

A scaling strategy between that of constant field 
and constant voltage could be adopted. Device 
dimensions and writing voltage follow a constant 

Figure 7. Gate length versus memory size 
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field path, while reading voltage follows the con­
stant voltage path. When the programming voltage 
is properly scaled and oxides fabricated with in­
creased integrity, the reading voltage becomes not 
so critical. Not scaling the reading voltage in­
creases the reading current available and thus 
speeds up access time -see Figure 8. 

The largest stresses due to electric fields occur in 
the gate oxides of the row decoder transistors 
which have to switch the high voltage during writ­
ing. In a FLASH MEMORY cell scaling of the gate 
oxide is limited by direct tunneling, high tempera­
ture bake retention and stress induced leakage 
current increase after repeated program/erase cy­
cles. So a scaling that follows constant electric field 
across the gate oxide must be adopted. 

Maintaining Reliability 

Data retention is typically 20 years for a Non-Vola­
tile memory. A programmed cell has only some tens 
of thousands of electrons on the floating gate. The 
oxides surrounding the floating gate must guaran­
tee a leakage current of only a few electrons per 
day. Both electronic and ionic processes contribute 
to the leakage current. 
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Figure 8. Scaling versus voltage 
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Electronic processes include the escape of elec­
trons from the floating gate through oxide defects. 
This mainly affects single bits, randomly scattered 
thoughout the memory array. The dependance on 
temperature indicates an activation energy of a few 
tenths of an eV, and the leakage current is an 
exponential function of the electric field. 

Ionic processes affect the data retention by screen­
ing and compensation effects of the stored charge 
on the floating gate. Charge loss is also associated 
with alkali metal contamination. Activation energies 
found are greater than 1 eV and a drift diffusion 
transport mechanism controls the mobile ion cur­
rent. 

Scaling down the cell means that the same change 
in threshold voltage between a programmed and 
erased cell is achieved by a smaller stored charge 
on the floating gate. This makes the memory more 
sensitive to ion contamination. Figure 9 shows the 
charge loss as a function of the Control Gate -
Floating Gate overlap, with the same interpoly and 
gate oxides. Charge loss goes up with reducing 
dimensions and decreasing phosphorous content 
of the BPSG interlevel dielectric. 

With geometry scaling, the defectivity becomes a 
dramatic issue. As an example Figure 10 shows the 
defectivity targets for the main critical layers. To 
meet these targets the technology has to be con­
stantly tuned and process control tightened. 

Reliability failure modes, such as electro migration, 
hot electrons, etc, must be controlled in the more 
severe environment of the non-volatile memory: 
high voltage programming and high temperature 
(250°C) bake testing for data retention. 

Improving Speed 

With increasing memory density, the bit line (metal 
interconnect) and the word line (second polysilicon) 
parasitic capacitance and resistance affect the 
speed of the memory. The delay times for array 
matrix access offset the improvement in the tran­
sistor driving capacity and cell read current. To 
achieve high speeds the memory array can be 
partitioned to reduce the minimum decoded array 
and the parasitic capacitance effects. Partitioning 
has to be paid for in terms of die size and a 
cost/performance trade off found. 

Figure 10. Defectivity targets for main critical layers 
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Improvements in process can also contribute to 
improved matrix access time, one of these is the 
use of silicide to reduce resistance of the polysilicon 
word lines. Circuit design techniques such as Ad­
dress Transition Detection, generating an internal 
clock to gate noise effects, are necessary to avoid 
memory designs with narrow operating Vee ranges 
or even oscillation generated by feedback to ad­
dress inputs from the high output switching cur­
rents- see Figure 11 and Figure 12. 

An example of two state-of-the-art memory arrays 
made with the same technology, but one emphasis­
ing speed and the other chip size reduction, are 
shown in Figure 13. 

Figure 11. Memory delays 

% Contribution From 
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In the future it is likely that we will see a split in the 
market demand into high density architectures, 
with speed limitations, and dedicated high speed 
designs. 

Alternative cells and technologies 
As design rules shrink, reliability problems are en­
hanced and manufacturing latitude is decreased. 
Many efforts are dedicated to finding new solutions 
to contain the increase in chips sizes and keep 
them within manufacturable limits. This can be 
achieved in two ways: innovative technology and 
alternative cell architecture. 
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Figure 12. Address transition detection 
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SCALING CELL SIZE 

Two possible alternatives: 

1. use of innovative technologies (double metal, 
plugs, local interconnections, self alignment, 
... ) 

advantage: no inpact on device organiastion 
(conventional) 

drawback: cost and risk of new complex 
process steps 

2. different cell array organiastion (contactless 
virtual ground approach) 

advantage: less severe technological re­
quirements 

drawback: new circuit solutions, unknown 
characteristics 

Improved Stacked Gate Cell designs have been 
proposed that self- align the source line, and/or the 
drain contact to the gate. The use of double metal 
interconnect is also beginning to appear on 
EPROM and FLASH MEMORY, allowing a chip 
size reduction in the peripheral circuits and a de­
crease of the array parasitic RC delays if it is used 
for array bit or word lines. The use of refractory 
materials has been proposed for local interconnect, 
but the drawbacks of these are the cost and risk of 
increasing the process complexity. Advantages are 
that the cell concept remains unchanged and array 
design organisation is easy, keeping the same logic 
as previous generations. 

One alternative cell organisation in the array is 
known as "virtual ground". The purpose of this is to 
save space by eliminating many contacts and align­
ment tolerances - see Figure 1 4. The array is 
known as virtual ground because the source is not 
fixed and connected to ground. 

Some other cell examples are the buried bit line 
cell, the Al.:DS cell, the SFOX cell and the FACE 
FLASH MEMORY cell - see Figure 1 5. 

All these offer the advantage of a small cell size 
with more relaxed design rules than for a Stacked 
Gate Cell of the same size. The design modifica­
tions introduced however can affect speed perfor­
mance. Higher resistance and capacitance of 
diffused bit lines also affect speed, especially on 
FLASH MEMORY. FLASH MEMORY compatibility 
is more critical as the same bit line is used alterna­
tively as source and drain. 

TA110 

Concerns About Virtual Ground Architectures 

- Design modifications can affect perfor­
mance, limiting speed. 

- Higher resistance and capacitance of dif­
fused bit lines limit the reduction in contact 
number, and affect speed (particularly on 
FLASH MEMORY). 

- FLASH MEMORY compatibility is more criti­
cal, as the same bit line is alternatively 
used as source and drain. 

- Technological saving is questionable, as 
tight layout rules are required to match 
decoder pitch with reduced cell size. 

- Array reduction obtained by smaller cell 
size is paritally compensated by larger de­
coders. 

- Programming disturbance to adjacent cells 
are: careful charge/discharge of array bit 
lines (circuit solution) and asymetrical cell 
(technological solution). 

The Virtual Ground type of cell design usually 
results in the cell layout that is square, rather than 
rectangular. This means it is critical to insert the 
decoders in the cell pitch or use more aggressive 
design rules in this sensitive, high voltage part of 
the circuit. 

There is also the problem of programming distur­
bance to adjacent cells which has to be solved by 
careful charge and discharge of the bit lines or the 
use of an asymmetric cell. 

Asymmetric cells, such as ALDS (Toshiba 88) and 
the split gate cell (WSI 88), allow the use of a less 
complex decoding organisation. But such cells are 
not FLASH MEMORY compatible without adding 
extra complexity as the source is not coupled to the 
floating gate (in the case of the split-gate cell) or is 
coupled by a region of low doping (in the ALDS cell) 
which induces a voltage drop during erase.Many 
alternative cell approaches have been proposed -
for example Toshiba three poly layer and NAND 
cells but few have been transferred into true vol­
ume production. 

Considering speed, cost-per-bit and FLASH MEM­
ORY compatibility, the Stacked Gate Cell with 
some innovative processing steps and the use of 
double metal is likely to remain the best in the future 
and has been adopted for the SGS-THOMSON 16 
Megabit EPROM and FLASH MEMORY develop­
ments. 
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Figure 14. Conventional and virtual ground array 
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Future emerging trends 

The versatility of FLASH MEMORY which com­
bines electrical erase capability with EPROM den­
sity raises the question of whether this device will 
substitute the EPROM. Direct execution of soft­
ware stored in a FLASH MEMORY makes the 
replacement of both DRAM and disk storage pos­
sible. 

The in-system re-programmability of the FLASH 
MEMORY shortens the time-to-market: code 
changes can be made in a short time and board 
updates done without disassembly. Executable 
software can be loaded and updated directly. This 
will stimulate a large growth in a number of appli­
cations such as the portable, lap top computers 
where FLASH MEMORY will save both space and 
power consumption by replacing both disk and 
DRAM. 

A few years ago it seemed that EEPROM may 
reduce the EPROM market, but tunnel oxide 
defectivity, manufacturability of large memories, 
and larger cell sizes have prevented the EEPROM 
from taking over from the EPROM in cost-per-bit 
sensitive applications. 

FLASH MEMORY are now in a better position to 
revolutionise memory usage, as high density is 
achieveable and cheaper plastic packaging - com­
pared to EPROM- can be used. Balanced against 
this are the technology and manufacturing prob­
lems to be overcome, and the higher cost of the 
process and testing. Another constraint of the 
FLASH MEMORY is the requests for power supply 
reduction to single 5V devices: the electric field 
needed for tunneling does not scale and the tunnel 
oxide thickness itself cannot be scaled down be­
cause of direct tunneling effects. 

TA110 

The conclusion is that EPROMs will not be entirely 
superceeded, but that an entirely new market will 
arise, based on the Stacked Gate Cell to maintain 
low cost-per-bit and manufacturability, and leading 
to new computer architectures. Technology devel­
opment will allow the production of future high 
density, 16 Megabit and beyond, memories for the 
future. 

FLASH TREND 

In-system reprogrammability: 

-useful for storage of software updates 

Direct execution of software code (XIP): 

- replaces disk storage 

- substitutes shadow DRAM 

Future computers will potentially use: 

-an MPU 

- a very fast SRAM cache 

-a small amount of DRAM for data storage 
and buffering 

-a large amount of fast FLASH MEMORY 

-disks, only for backward compatibility 

Aknowledgement is given to the material pre­
sented by M. MELANOTTE, R. BEZ and 
G. CRESENZA in Microelectronic Engineering 15 
(1991) which formed the basis for this review. 
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5202 HENNEF 
Reuther Strasse 1 A-C 
Tel (49-2242) 6088 

(49-2242) 4019/4010 
Telefax (49-2242) 84181 

8500 NURNBERG 20 
Erlenstegenstrasse, 72 
Tel (49-911) 59893-0 
Telex. 626243 
Telefax (49-911) 5980701 

7000 STUTTGART 31 
Mtttlerer Pfad 2-4 
Tel (49-711) 13968-0 
Telex 721718 
Telefax (49-711)8661427 

ITALY 

20090 ASSAGO (MI) 
VIe M1lanof1ofl- Strada 4- Palazzo N4/A 
Tel (39-2) 892131 (10 l1nee) 
Telex 330131 - 330141 SGSAGR 
Telefax (39-2) 8250449 

40033 CASALECCHIO Dl RENO (BO) 
V1a R Fuc1n1, 12 
Tel (39-51) 591914 
Telex 512442 
Telefax (39-51) 591305 

00161 ROMA 
V1aA Torlon1a, 15 
Tel (39-6) 8443341 
Telex 620653 SGSATE I 
Telefax (39-6) 844447 4 

NETHERLANDS 

5652 AR EINDHOVEN 
Meerenakkerweg 1 
Tel (31-40) 550015 
Telex. 51186 
Telefax. (31-40) 528835 

SPAIN 

08021 BARCELONA 
Calle Platen, 6 41h Floor, 5th Door 
Tel (34-3) 4143300-4143361 
Telefax (34-3) 2021461 

28027 MADRID 
Calle Albacete, 5 
Tel (34-1) 4051615 
Telex 46033 TCCEE 
Telefax (34-1) 4031134 

SWEDEN 

S-16421 KISTA 
BorgarfJordsgatan, 13- Box 1094 
Tel (46-8) 7939220 
Telex. 12078 THSWS 
Telefax (46-8) 7504950 

SWITZERLAND 

1218 GRAND-SACONNEX (GENEVA) 
Chemin Francois-Lehmann, 18/A 
Tel (41-22) 7986462 
Telex 415493 STM CH 
Telefax (41-22) 7984869 

UNITED KINGDOM and EIRE 

MARLOW, BUCKS 
Planar House, Parkway 
Globe Park 
Tel .. (44-628) 890800 
Telex 847458 
Telefax· (44-628) 890391 



AMERICAS 

BRAZIL 

05413 SAO PAULO 
R Hennque Schaumann 286-CJ33 
Tel (55-11) 883-5455 
Telex (391 )11-37988 'UMBR BR" 
Telefax. (55-11) 282-2367 

U.S.A. 

NORTH & SOUTH AMERICAN 
MARKETING HEADQUARTERS 
1000 East Bell Road 
Phoenix, AZ. 85022 
(1-602) 867-6100 

SALES COVERAGE BY STATE 

ALABAMA 
Huntsville- (205) 533-5995 

ARIZONA 
Phoen1x- (602) 867-6217 

CALIFORNIA 
Santa Ana- (714) 957-6018 
San Jose- (408) 452-8585 

COLORADO 
Boulder (303) 449-9000 

ILLINOIS 
Schaumburg- (708) 517-1890 

INDIANA 
Kokomo- (317) 455-3500 

MASSACHUSETIS 
L1ncoln- (617) 259-0300 

MICHIGAN 
Livonra- (313) 953-1700 

NEW JERSEY 
Voorhees- (609) 772-6222 

NEW YORK 
Poughkeepsie- (914) 454-8813 

NORTH CAROLINA 
Raleigh- (919) 787-6555 

TEXAS 
Carrollton- (214) 466-8844 

FOR RF AND MICROWAVE 
POWER TRANSISTORS CON­
TACT 
THE FOLLOWING REGIONAL 
OFFICE IN THE U.S.A. 

PENNSYLVANIA 
Montgomeryville- (215) 361-6400 

ASIA I PACIFIC 

AUSTRALIA 

NSW 2027 EDGE CLIFF 
Su1te 211, Edgecllff centre 
203-233, New South Head Road 
Tel. (61-2) 327 39 22 
Telex 071 126911 TCAUS 
Telefax (61-2) 327 61 76 

HONG KONG 

WANCHAI 
22nd Floor- Hopewell centre 
183 Queen's Road East 
Tel (852) 8615788 
Telex 60955 ESGIES HX 
Telefax (852) 8656589 

INDIA 

NEW DELHI110001 
L1asonOff1ce 
62, Upper Ground Floor 
World Trade Centre 
Barakhamba Lane 
Tel. (91-11) 3715191 
Telex 031-66816 STMIIN 
Telefax (91-11) 3715192 

MALAYSIA 

PULAU PINANG 10400 
4th Floor- Su1te 4-03 
Bangunan FOP-1230 Jalan Anson 
Tel (04) 379735 
Telefax (04) 379816 

KOREA 

SEOUL 121 
8th floor Shrnwon Burldrng 
823-14, Yuksam-Dong 
Kang-Nam-Gu 
Tel (82-2) 553-0399 
Telex· SGSKOR K29998 
Telefax (82-2) 552-1051 

SINGAPORE 

SINGAPORE 2056 
28 Ang Mo K1o- lndustnal Park 2 
Tel (65) 4821411 
Telex RS 55201 ESGIES 
Telefax (65) 4820240 

TAIWAN 

TAIPEI 
12th Floor 
325, Sect1on 1 Tun Hua South Road 
Tel (886-2) 755-4111 
Telex 10310 ESGIE TW 
Telefax (886-2) 755-4008 

SALES OFFICES 

JAPAN 

TOKYO 108 
N1ssek1- Takanawa Bid 4F 
2-18-10 Takanawa 
M1nato-Ku 
Tel (81-3) 3280-4121 
Telefax (81-3) 3280-4131 



Information furnished is bel1eved to be accurate and reliable. However, SGS-THOMSON MicroelectroniCS assumes no responsibility for the 
consequences of use of such mformation nor for any mfnngement of patents or other nghts of third part1es which may result from its use. No 
l1cense 1s granted by Implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics. Specification mentioned 
in this publication are subject to change without notice. This publication supersedes and replaces all information previously supplied. 
SGS-THOMSON Microelectronics products are not authorized for use as critical components in life support devices or systems without express 
wntten approval of SGS-THOMSON Microelectronics. 

© 1992 SGS-THOMSON Microelectronics- Printed 1n Italy- All Rights Reserved 

TM: PRESTO II, PRESTO F, BiPORT, ZEROPOWER, TIMEKEEPER, 
TAGRAM, Snoop TAG, BRAM are Trademarks of SGS-THOMSON Microelectronics. 

® MICROWIRE is a registered Trademark of National Semiconductor Corp. 

Pufchase of 12C Components of SGS-THOMSON Mifroelectronics, conveys a license under the Philips 
I C Patent. Rights to use th~se components in an I C system, provided that the system conforms to 

the I C Standard Specif1cat1ons as def1ned by Philips. 

SGS-THOMSON Microelectronics GROUP OF COMPANIES 
Australia - Brazil - France - Germany - Hong Kong - Italy - Japan - Korea - Malaysia- Malta - Morocco - The Netherlands -

Singapore- Spain- Sweden -Switzerland- Taiwan- United Kingdom- U.S A 
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