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MOSEL-VITELIC HOW TO USE THE DATA BOOK 

The Mosel-Vitelic memory data book is organized by product families, beginning with 
general information on the company and products. The products begin with dynamic 
RAMs, then video RAMs, DRAM modules, high speed static RAMs, standard static 
RAMS, FIFOs, and specialty products. Within each section, data sheets are arranged in 
order of densities except FIFOs and specialty products. Application Notes and Package 
Dimensions then follow and finally the Mosel-Vitelic Sales Network. 

LIFE SUPPORT POLICY 

Mosel-Vitelic products are not authorized for use as critical components in life support devices or systems 
without the express written approval of the president of Mosel-Vitelic Corporation. 

1. Life support devices or systems are devices or systems which, are intended for surgical implant into the 
body to support or sustain life, and whose failure to perform, when properly used in accordance with 
instructions for use provided in the labeling, can be reasonably expected to result in a significant injury 
to the user. 

2. A critical component is any component of a life support device or system whose failure to perform can 
be reasonably expected to cause the failure of the life support device or to affect its safety or effective
ness. 

Mosel·Vitelic reserves right to make changes to its products at any time without notice in order to improve design and 
supply the best possible product. We assume no responsibility for any errors which may appear in this publication. 
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General Information 





MOSEL-VITELIC COMPANY BACKGROUND 

MOSEL-VITELIC Corporation designs, develops, manufactures, and markets high performance and 
application specific memory products. The company was merged from MOS Electronics Corporation and 
Vitelic Corporation in 1991. Headquarters of the company is located in Science Based Industrial Park, 
Taiwan with subsidiaries in USA, Japan, and Hong Kong. 

MOSEL-VITELIC currently offers a wide range of products including high speed and standard SRAMs, 
DRAMs, Video RAMs, SIMMs, and application specific memories. 

One of MOSEL-VITELIC's major strengths is its design engineering capability-a combination of many 
man-years of experience in memory circuit development and advanced computer-based tools for efficient 
design methodology. Current CAD tools allow product to be designed in a few weeks compared to man
years required previously. Talented designers, working with variations on a basic schematic, can now 
bring a variety of complex feature-intensive products through the design stage far more rapidly than 
before. New effective design verification tools translate to a high probability of working silicon on the first 
wafer run. 

MOSEL-VITELIC's memory products employ proprietary high speed, low power designs with the state-of
the-art CMOS technology. The technology uses CMOS for low power consumption, multi-layer poly-silicon 
and two layers of metal interconnect for high packing density, and gate lengths of the sUb-micron level for 
high speed performance. In addition, MOSEL-VITELIC uses the most advanced state-of-the art CMOS 
manufacturing facilities to ensure a high level of performance and reliability. Advanced circuit design 
techniques and process technology are used to provide high degrees of ESD protection and latch-up 
immunity. 

MOSEL-VITELIC is able to exploit its advanced design capability and its high performance process 
capability through its partnerships with major semiconductor corporations who are equipped with highly 
automated and ultra-clean manufacturing facilities. In most cases these are manufacturing, licensing and 
joint development relationships. MOSEL-VITELIC gains enhanced production capability and access to 
domestic markets in Europe and the Far East through these alliances. 

In addition, MOSEL-VITELIC is building its own 0.4-0.6 micron fab in the Science Based Industrial Park, 
Taiwan. This wafer fabrication facility will be used primarily for the introduction of new products. The 
company intends to maintain and increase its manufacturing alliances to complement this in-house produc
tion capability. 

MOSEL-VITELIC is committed to serving the needs of the high performance, application specific memory 
market with extremely reliable, thoroughly tested, high quality products. Quality starts at the deSign stage 
by building in extra performance margins and is enhanced through each stage of the manufacturing 
process to timely customer deliveries. MOSEL-VITELIC works closely with its customers to build in the 
application specific memory features and functions required to produce leading edge computer systems. 
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MOSEL-VITELIC PRODUCT SELECTION GUIDE 

DRAMS 

Description 
'ccMax. 'ccsaMax. 

Part Number Speeds (ns) Package(s) (mA) (mA) Availability 

V53C256A 256Kx 1 DRAM 70,80,100 J,P 60 1.2 Now 

V53C464A1466A 64K x4 DRAM 70,80,100 J,P 65 0.2. Now 

V53C864 64Kx8DRAM 70,80,100 K,P 65 1 Now 

V53C100F 1 Meg x 1 DRAM 60,70,80 K,P 90/80170 2 Now 

V53C100H 1 Meg x 1 DRAM 45,50,55,60 K,P 110/100190/85 0.15 Now 

V53C100N 1 Meg x 1 DRAM - 3.3V 60,70,80 K,P 45140135 0.04 Now 

V53C104F 256Kx4 DRAM 60,70,80 K,P 90/80170 2 Now 

V53C104H 256Kx4 DRAM 45,50,55,60 K,P 110/1 00190/85 015 Now 

V53C104N 256K x 4 DRAM - 3.3V 60,70,80 K,P 45140135 0.04 Now 

V53C864 64K x 16 DRAM 80,100 K 115190 1 Now 

V53C8256H 256Kx 8 DRAM 45,50,60 K,P 160/1501 0.8 Now 
1451135 

V53C8256N 256K x 8 DRAM - 3.3V 60,70,80 K,P 65160/55 1 Now 

V53C8512 512Kx 8 DRAM 50,60,70 K 120/1101105 1 04'93· 

V53C9512 512Kx9DRAM 50,60,70 K 120/1 to/105 1 04'93 

V53C400 4Megx 1 DRAM 60,70,80,100 K 100190/80/70 1 Now 

V53C404 1 Meg x4 DRAM 60,70,80,100 K 100190/80170 1 Now 

MEMORY MODULES 

'cc Max• 'ccsaMax. 
Part Number Description Speeds (ns) Package(s) (mA) (mA) Availability 

V104J8 256K x 8 SIMM (2 chips) 60,70,80 S 130 2 Now 

V10OJ8 1 Meg x 8 SIMM (8 chips) 60,70,80 S 480 8 Now 

V404J8 1 Meg x 8 SIMM (2 chips) 70,80 S 140 2 Now 

V40OJ8 4 Meg x 8 SIMM (8 chips) 70,80 S 560 8 Now 

V104J9 256K x 9 SIMM (3 chips) 70,80 S 160 4 Now 

V10OJ9 1 Meg x 9SIMM (9 chips) 60.70,80 S 540 9 Now 

V404J9 1 Meg x 9 SIMM (3 Chips) 70,80 S 240 3 Now 

V400J9 4 Meg x 9 SIMM (9 chips) 70,80 S 660 13 Now 

V104J36 256K x.36 SIMM (12 chips) 70,80 S 760 12.8 Now 

V104J236 512K x 36 SIMM (24 chips) 70,80 S 1320 24 Now 

V404J36 1 Meg x 36 SIMM (12 chips) 70,80 S 900 12 Now 

VIDEO RAMS 

'ccMax. IccsaMax. 
Part Number Description Speeds (ns) Package(s) (mA) (mA) Availability 

V53C261 64K x 4 Video RAM 100,120 K,P.z 60/50 6 Now 

V52C4256/8 256K x 4 Video RAM 60,70,80,100 K,Z 95/85175/65 7 Now 

V52C8126/8 128K x 8 Video RAM 70,80,100 K,Z 90/80170 7 Now 

V52C8254 256K x 8 Video RAM 60,70,80 K 95185175 8 04'93 

V52C8255/6 256K x 8 Video RAM 60,70,80 K 95185175 8 04'93 

V52C8258 256K x 8 Video RAM 60,70,80 K 135/105 10 04'93 
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MOSEL-vrrELIC PRODUCT SELECTION GUIDE 

HIGH SPEED STA TIC RAMS 

ICC Max. ICCSB Max. 
Part Number Description Speeds (ns) Package(s) (mA) (mA) Availability 

MS6264A 8Kx 8SRAM 20,25,35 N,R 150 0.1/3 Now 

MS62256A 32K x8SRAM 20,25,35,45 N,R 180 10 Now 

MS62256H 32K x 8 SRAM 15,20,25,35 N,R 200 40 Q3 '93 

MS621 002 256Kx4SRAM 20,25,35 K 130 1 Now 

MS621 008 128K x 8 SRAM 20,25,35 E,K 150 2 Now 

STANDARD STATIC RAMS 

ICC Max. ICCSBMax. 
Part Number Description Speeds (ns) Package(s) (mA) (mA) Availability 

MS6516 2K x8SRAM 100 P,S 70 0.01 Now 

MS6264 8Kx8SRAM 70,100 F,P 85 0.1 Now 

MS6264N 8K x 8 SRAM - 3.3V 100 F,P 50 0.1 Now 

MS6265 8K x8 SRAM - Low Power 100 F,N,P 40 0.01 Now 

MS62256 32K x8SRAM 100 N,F,P 70 0.1 Now 

70 N,F,P 80 0.1 Now 

MS62256C 32K x8SRAM 70,100 F,N,P 80 0.02 Now 
Low Low Power 

MS62256N 32K x 8 SRAM - 3.3V 70,100 S,R 60 0.1 Now 

MS628128 128K x 8 SRAM 80,100,120 F,P 80 3 Q4'93 

FIFOS 

ICC Max. ICCSB Max. 
Part Number Description Speeds (ns) Package(s) (mA) (mA) Availability 

MS7200 256 x 9 FIFO 25,35 F,J,N,P 125 0.5 Now 

MS7201A 512x 9 FIFO 

MS7202A 1 Kx9 FIFO 50,80 F,J,N,P 80 0.5 

MS7203 2Kx 9 FIFO 50,80 F,J,N,P 125 2 Now 

20,25,35 J,N,P 125 2 Now 

MS7204 4K x 9 FIFO 50,80 F,J,N,P 125 2 Now 

20,25,35 J,P 125 2 Now 

MS76215 512 x 18 Synchronous FIFO 20,25,30 G,J 200 - Now 

MS76225 lK x 18 Synchronous FIFO 

MS76500A 64 x 16 Bi-Directional FIFO 25,30 J 75 Now 

MS76502A 256 x 16 Bi-Directional FIFO 25,30 J 75 Now 

MS76542 256x36x2 25,30,35 G,Q 180 1 Now 
Bi-Directional FIFO 

1-3 



MOSEL-VITELIC DRAM CROSS REFERENCE 

FUJITSU MOSEL-VITELIC MCM514100 V53C400F 
MCM514400 V53C404F 

MB81258 V53C258 
MB81C1000A V53C100F NEC MOSEL-VITELIC 
MB81C4256A V53C104F 
MB814100 V53C400F JlPD41256 V53C256 
MB814400 V53C404F IlPD421 000 V53C100F 
MB81461 V53C261 JlPD424256 V53C104F 

JlPD4241 00 V53C400F 
GOLDSTAR MOSEL-VITELIC JlPD424400 V53C404F 

JlPD41264 V53C261 
GM71256 V53C256 
GM71C1000 V53C100F OKI MOSEL-VITELIC 
GM71C4256A V53C104F 

MSM41256A V53C256 
HITACHI MOSEL-VITELIC MSM511000 V53C100F 

MSM514256 V53C104F 
HM51256 V53C256 MSM514100 V53C400F 
HM51258 V53C258 MSM514400 V53C404F 
HM511001 . V53C100F 
HM514256 V53C104F SAMSUNG MOSEL-VITELIC 
HM514100 V53C400F 
HM514400 V53C404F KM41C256A V53C256 
HM53461 V53C261 KM41C1000 V53C100F 
HM53235 V52C4256 KM44C256A V53C104F 
HM53251 V52C4258 KM41C4000 V53C400F 
HM538121 V52C8126 KM44C1000 V53C404F 
HM538123 V52C8128 

SHARP MOSEL-VITELIC 
HYUNDAI MOSEL-VITELIC 

LH21256 V53C256 
HY53C256 V53C256 LH64256 V53C104F 
HY51C1000 V53C100F 
HY51C4256 V53C104F SIEMENS MOSEL-VITELIC 

MICRON MOSEL-VITELIC HY8414257 V53C256 
HYB511000 V53C100F 

MT1259 V53C256 HYB514256 V53C104F 
MT4C1024 V53C100F HYB514100 V53C400F 
MT4C256 V53C104F HYB514400 V53C404F 
MT4C1004 V53C400F 
MT4C4001 V53C404F TI MOSEL-VITELIC 
MT4C4064 V53C261 

TMS1259 V53C256 
MITSUBISHI MOSEL-VITELIC TMS4C1024 V53C100F 

TMS44C256 V53C104F 
M5M4257AP V53C256 TMS44100 V53C400F 
M5M41000B V53C100F TMS44400 V53C404F 
M5M44256 V53C104F TMS4461 V53C261 
M5M44100 V53C400F 
M5M4400 V53C404F TOSHIBA MOSEL-VITELIC 
M5M4C264 V53C261 

TC511259 V53C256 
MOTOROLA MOSEL-VITELIC TC511000 V53C100F 

TC514256 V53C104F 
MCM6257B V53C256 TC514100 V53C400F 
MCM511000A V53C100F TC514400 V53C404F 
MCM514256A V53C104F 
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MOSEL-VITELIC VRAM CROSS REFERENCE 

Function Mosel·Vlteilc Hitachi Function Mosel·Vlteilc Hitachi 
256Kx4VRAM V52C4256 HM53235 128Kx8VRAM V52C8128 HM538123 

RIWNewMask X X RIW New Mask X X 

RIW Old Mask RIWOldMask 

Block Write (BW) Block Write (BW) X 
BWNewMask BW New Mask X 
BWOldMask BW Old Mask 

Flash WrHe New Mask X Flash Write New Mask X X 
Load Mask Register Load Mask Register 

Load Color Register Load Color Register X X 
Read Trans/Serial Out X X Read Trans/Serial Out X X 
Split Read Trans Split Read Trans X 
Write Trans/Serial In X X Write Trans/Serial In X X 
Pseudo Write Trans X X Pseudo Write Trans X X 
Altemate Write Trans Alternate Write Trans 

Split Write Trans Split Write Trans X 
Mask Write TranslSerialln Mask Write TranslSerialln X 

Function Mosel·Vltelic Hitachi Function Mosel·Vltellc Micron 
256Kx4VRAM V52C4258 HM53251 256Kx4VRAM V52C4256 MT42C4255 

RlWNewMask X X RIW New Mask X X 
RIWOldMask RIW Old Mask X 
Block Write (BW) X Block Write (BW) 

BWNewMask X BWNewMask 

BWOldMask BWOIdMask 

Flash Write New Mask X Flash Write New Mask 

Load Mask Register Load Mask Register X 
Load Color Register X Load Color Register 

Read TranslSerial Out X X Read TranslSerial Out X X 
Split Read Trans X Split Read Trans X 
Write Trans/Serial In X Write Trans/Serial In X X 
Pseudo Write Trans X X Pseudo Write Trans X X 
Altemate Write Trans Altemate Write Trans X 
Split Write Trans X Split Write Trans 

Mask Write TranslSerialln X Mask Write Trans/Serial In 

Function Mosel·Vltelic Hitachi Function Mosel·Vlteilc Micron 
128Kx8VRAM V52C8126 HM538121 256Kx4VRAM V52C4258 MT42C4256 

RIW New Mask X X RIW New Mask X X 
RIW Old Mask RIWOldMask X 
Block Write (BW) Block WrHe (BW) X X 
BW New Mask BWNewMask X X 
BWOldMask BWOldMask X 

Flash WrHe New Mask Flash Write New Mask X 
Load Mask Register Load Mask Register X 
Load Color Register Load Color Register X X 
Read Trans/Serial Out X X Read Trans/Serial Out X X 
Split Read Trans Split Read Trans X X 
Write Trans/Serial In X X Write TranslSerialln X X 
Pseudo Write Trans X X Pseudo Write Trans X X 
Altemate Write Trans Altemate Write Trans X 
Split Write Trans Split Write Trans X 
Mask Write TranslSerialln Mask Write Trans/Serial In X 
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Function Mosel·Yitelie Micron Function MoseI·Yite/le Mltsublshl 
128Kx8YRAM Y52C8126 MT42C8127 128Kx 8VRAM Y52C8128 MSM482128 
RlWNewMask X X RlWNewMask X X 
RlWOId Mask X· RlWOld Mask 
Block Write (BW) Block Write (BW) X X 
BWNewMask BW New Mask X X 
BWOldMask BWOldMask 
Fiash Write New Mask Flash Write New Mask X X 
Load Mask Register X Load Mask Register 
Load Color Register Load Color Register X X 
Read TranslSerial Out X X Read Trans/Serial Out X X 
Split Read Trans X Split Read Trans X X 
Write TranslSerialln X X Write Trans/Serial In X 
Pseudo Write Trans X X Pseudo Write Trans X X 
Alternate Write Trans X Alternate Write Trans 
Split Write Trans Split Write Trans X X 
Mask Write Trans/Serialln Mask Write Trans/Serial In X X 

Function MoseI-Yite/ie Micron Function Mosel·Yiteile NEC 
126Kx8YRAM Y52C8128 MT42C8128 256Kx4YRAM Y52C4256 I1PD524273 
RlWNewMask X X RlWNewMask X X 
RlWOIdMask X RlWOld Mask 
Block Write (BW) X X Block Write (BW) 
BW New Mask X X BW New Mask 
BWOIdMask X BWOldMask 
Flash Write New Mask X Flash Write New Mask 
Load Mask Register X Load Mask Register 
Load Coior Register X X Load Color Register 
Read Trans/Serial Out . X X Read Trans/Serial Out X X 
Split Read Trans X X Split Read Trans 
Write Trans/Serial In X X Write Trans/Serial In X 
Pseudo Write Trans X X Pseudo Write Trans X 
Alternate Write Trans X Alternate Write Trans 
Split Write Trans X Split Write Trans 
Mask Write TranslSerialln X Mask Write Trans/Serial In 

Function MoseI-YlteUc Mltsublshl Function Mosel·YlteUe NEC 
256Kx4YRAM Y52C4258 M5M44256 256Kx4YRAM Y52C4258 I1PD524256 
RIW New Mask X X RIW New Mask X X 
R/WOIdMask RlWOldMask 
Block Write (BW) X X Block Write (BW) X 
BW New Mask X X BW New Mask X 
BWOldMask BWOIdMask 
Flash Write New Mask X X Flash Write New Mask X X 
Load Mask Register Load Mask Register 
Load Color Register X X Load Color Register X 
Read Trans/Serial Out X X Read TranslSerial Out X 
Split Read Trans X X Split Read Trans X 
Write TranslSerialln X Write Trans/Serialln X X 
Pseudo Write Trans X X Pseudo Write Trans X 
Alternate Write Trans Alternate Write Trans 
Split Write Trans X X Split Write Trans X 
Mask Write Trans/Serialln X X Mask Write Trans/Serial In X 
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Function MoseI-Vltelle NEC Function MoseI-Vlteile TI 
128Kx8VRAM V52C8128 /lPD42275 128Kx8VRAM V52C8128 TMS48C121 

RlWNewMask X X RIW New Mask X X 
RlWOld Mask X RIWOld Mask X 
Block Write (BW) X X Block Write (BW) X X 
BWNewMask X X BW New Mask X X 
BWOldMask X BWOldMask X 
Flash Wr~e New Mask X X Flash Wr~e New Mask X 
load Mask Register X load Mask Register X 
load Color Register X X load Color Register X X 
Read Trans/Serial Out X X Read Trans/Serial Out X X 
Spl~ Read Trans X X Split Read Trans X X 
Wr~e Trans/Serial In X Write Trans/Serial In X X 
Pseudo Wr~e Trans X Pseudo Write Trans X X 
Alternate Write Trans Alternate Write Trans X 
Spl~ Write Trans X Split Write Trans X 
Mask Write Trans/Serial In X Mask Write Trans/Serial In X 

Function MoseI-Vlteile TI Function Mosel-Vltelle Toshiba 
256Kx4VRAM V52C4256 TMS44C250 256Kx4VRAM V52C4256 TC524256 

RlWNewMask X X RIW New Mask X X 
RlWOId Mask RlWOld Mask 

Block Wr~e (BW) Block Write (BW) 

BWNewMask BW New Mask 

BWOldMask BWOldMask 

Flash Write New Mask Flash Write New Mask 

load Mask Register load Mask Register 

load Color Register load Color Register 

Read Trans/Serial Out X X Read Trans/Serial Out X X 
Split Read Trans Split Read Trans 

Write Trans/Serialln X X Write Trans/Serial In X X 
Pseudo Wr~e Trans X X Pseudo Write Trans X X 
Alternate Write Trans Alternate Write Trans 

Split Write Trans Split Write Trans 

Mask Wr~e Trans/Serialln Mask Write Trans/Serial In 

Function Mosel-Vltelle TI Function MoseI-Vltelle Toshiba 
256K x4VRAM V52C4258 TMS44C521 256Kx4VRAM V52C4258 TC5524258 

RIW New Mask X X RIW New Mask X X 
RIWOldMask X RIWOldMask 

Block Write (BW) X X Block Write (BW) X X 
BW New Mask X X BW New Mask X X 
BWOIdMask X BWOldMask 

Flash Write New Mask X Flash Write New Mask X X 
load Mask Register X load Mask Register 

load Color Register X X load Color Register X X 
Read Trans/Serial Out X X Read Trans/Serial Out X X 
Spl~ Read Trans X X Split Read Trans X X 
Write Trans/Serial In X X Write Trans/Serial In X 
Pseudo Write Trans X X Pseudo Write Trans X X 
Alternate Wr~e Trans X Alternate Write Trans 

Spl~ Write Trans X Split Write Trans X X 
Mask Write Trans/Serial In X Mask Write Trans/Serial In X X 
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Function Mosel·Vltelic Toshiba Function Mosel·Vlteilc Toshiba 
128Kx8VRAM V52C8126 TC58126A 128Kx8VRAM V52C8128 TC58128A/B 
RIW New Mask X X RIW New Mask X X 
RIWOld Mask RIWOld Mask 

Block Wr~e (BW) Block Write (BW) X X 
BWNewMask BW New Mask X X 
BWOld Mask BWOldMask 

Flash Wr~e New Mask Flash Wrtte New Mask X X 
Load Mask Register Load Mask Register 

Load Color Register Load Color Register X X 
Read Trans/Serial Out X X Read Trans/Serial Out X X 
Split Read Trans Split Read Trans X X 
Wr~e Trans/Serial In X Write Trans/Serial In 

Pseudo Write Trans X X Pseudo Write Trans X X 
Alternate Write Trans Alternate Write Trans 

Spl~ Write Trans Split Write Trans X X 
Mask Write Trans/Serial In X Mask Write Trans/Serial In X X 
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CYPRESS MOSEL-VITELIC CY7C199-25PC MS62256A-25NC 
CY7C199-35PC MS62256A-30NC 

CY7C106-20PC MS621002-20EC CY7C199-35PC MS62256A-35NC 
CY7C106-20SC MS621002-20KC CY7C199-45PC MS62256A-45NC 
CY7C 1 06-25PC MS621002-25EC 
CY7C106-25SC MS621002-25KC FUJITSU MOSEL-VITELIC 
CY7C106-35PC MS621002-35EC 
CY7C106-35SC MS621002-35KC MB81C78A MS6264A-35NC 
CY7C108-20PC MS621008-20EC MB81C78A-25P MS6264A-25PC 
CY7C108-20SC MS621008-20KC MB81C78A-35P MS6264A-35PC 
CY7C108-25PC MS621008-25EC MB81 C78A-35PF MS6264A-35FC 
CY7C108-25SC MS621008-25KC MB81 C78A-35PJ MS6264A-35RC 
CY7C108-35PC MS621008-35EC MB81 C78A-45P-SK MS6264A-45NC 
CY7C108-35SC MS621008-35KC MB81 C78A-45PF MS6264A-45FC 
CY7C166-20PC MS6267 A-25NC MB81C81A35P MS62251 A-25NC 
CY7C166-20PC MS6267 A-35NC MB81C81A35P MS62251 A-35NC 
CY7C166-20PC MS6267 A-45NC MB81C81A35PJ MS62251 A-25RC 
CY7C185-25/35/45/55PC MS6264A-25/35/45NC MB81C81A35PJ MS62251A-35RC 
CY7C185-25/35/45/55VC MS6264A-25/35/45RC MB81C81A45P MS62251A-45NC 
CY7C185-30SC MS6264A-25SC MB81C81A45PJ MS62251 A-45RC 
CY7C185-35PC MS6264A-35PC MB81C84-35P MS62252A-25NC 
CY7C185A-25PC MS6264A-25PC MB81C84A-35P MS62252A-35NC 
CY7C185A-30PC MS6264A-25PC MB81C84A-45P MS62252A-45NC 
CY7C185A-35SC MS6264A-35SC MB81 C84A35PJ MS62252A-25RC 
CY7C186-25/35/45/55PC MS6264AL -25/35/45 PC MB81 C84A35PJ MS62252A-35RC 
CY7C186-25/35/45/55VC MS6264AL-25/35/45RC MB81 C84A45PJ MS62252A-45RC 
CY7C194-25PC MS62252A-25NC MB8287-35BH MS62256A-35NC 
CY7C194-25SC MS62252A-25RC MB8287-35PJ MS62256A-35RC 
CY7C194-35PC MS62252A-35NC MB8287-45PJ MS62256A-45RC 
CY7C194-35SC MS62252A-35RC MB8287-45PSH MS62256A-45NC 
CY7C194-45PC MS62252A-45NC MB82BOO525P MS621002-20EC 
CY7C194·45SC MS62252A-45RC MB82BOO525P MS621002-25EC 
CY7C196-20PC MS62253A-20NC MB82 B00525 PJ MS621002-20KC 
CY7C196-20VC MS62253A-20RC MB82BOO525PJ MS621002-25KC 
CY7C196-25PC MS62253A-25NC MB82BOO535P MS621002-35EC 
CY7C196-25VC MS62253A-25RC MB82BOO535PJ MS621002-35KC 
CY7C197 -25PC MS62251 A-25NC MB8416-10DIP MS6516L-10PC 
CY7C197 -25SC MS62251A-25RC MB84256A-10LLFP MS62257 -1 OFC 
CY7C197-35PC MS62251 A-35NC MB84256A-10LLP MS62257 -1 OPC 
CY7C197-35SC MS62251 A-35RC MB84256A-10LP MS62256L-10PC 
CY7C197-45PC MS62251A-45NC MB84256A-10LPF MS62256L-10FC 
CY7C197-45SC MS62251 A-45RC MB84256A-12LLFP MS62256CLL-10FC 
CY7C198-25PC MS62256A-25PC MB84256A-12LLP MS62256CLL-10PC 
CY7C199-25VC MS62256A-25RC MB84256A-12LP MS62256L -10PC 
CY7C198-25SC MS62256A-25SC MB84256A-12LPF MS62256L-10FC 
CY7C198-30PC MS62256A-25PC MB84256A-15LLFP MS62257-10FC 
CY7C199-30VC MS62256A-25RC MB84256A-15LLP MS62257-10PC 
CY7C198-30SC MS62256A-25SC MB84256A-70LP MS62256L-70PC 
CY7C198-35PC MS62256A-35PC MB84256A-70LPF MS62256L-70FC 
CY7C199-35VC MS62256A-35RC MB84256A-85LLFP MS62257-70FC 
CY7C198-35SC MS62256A-35SC MB84256A-85LLP MS62257-70FC 
CY7C198-45PC MS62256A-45PC MB84256A-85LP MS62256L-85PC 
CY7C199-45VC MS62256A-45RC MB84256A-85LPF MS62256L-85FC 
CY7C198-45SC MS62256A-45SC MB8464A-80/10/15LLP MS6265-10PC 
CY7C199-55VC MS62256A-45NC MB8464A-80/10/15LLP-SK MS6265-10NC 
CY7C198-55PC MS62256A-55PC MB8464A-80/10/15LLPF MS6265-10FC 
CY7C199-55VC MS62256A-45RC MB8464A-80/10/15LP MS6264L-10PC 
CY7C198-55SC MS62256A-45SC MB8464A-80/10/15LP-SK MS6265-10NC 
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MB8464A-80/10/15LPF MS6264L-10FC HM6264ALP-10/12/15 MS6264L -10PC 
MB8464A-80/10/15P MS6264L-70PC HM6264ALP-10/12/15L MS6265-10PC 
MB8464A-80/10/15P-SK MS6265-10NC HM6264ALSP-10/12/15 MS6265-10NC 
MB8464A-80/10/15PF MS6264L-70/100FC HM6264AP-10/12/15 MS6264L -10PC 

HM6264ASP-10/12/15 MS6265-10NC 
GOLDSTAR MOSEL-VITELIC HM6264FP-10/12/15 MS6264L-10FC 

HM6264LFP-10/12/15 MS6264L-10FC 
GM76C256L-10 MS62256L-10PC HM6264LFP-10/12/15L MS6265-10FC 
GM76C256L-12 MS62256L-10PC HM6264LP-10/12/15 MS6264L-10PC 
GM76C256L -15 MS62256L -10pe HM6264LP-10/12/15L MS6265-10PC 
GM76C256L-85 MS62256L -85PC HM6264P-10/12/15 MS6264L-10PC 
GM76C256LFW-10 MS62256L-10FC HM62832HJP-25 MS62256A-25RC 
GM76C256LFW-12 MS62256L-10FC HM62832HJP-25 MS62256A-25SC 
GM76C256LFW-15 MS62256L-10FC HM62832HJP-25 MS62256A-25RC 
GM76C256LFW-85 MS62256L-85FC HM62832HJP-30 MS62256A-25RC 
GM76C28-10/12 MS6516L-10PC HM62832HJP-30 MS62256A-25SC 

HM62832HJP-35 MS62256A-35RC 
HITACHI MOSEL-VITELIC HM62832HJP-35 MS62256A-35SC 

HM62832HJP-45 MS62256A-45RC 
HM6116FLP-2/3/4 MS6516L-10SC HM62832HJP-45 MS62256A-45SC 
HM6116FP-2/3/4 MS6516L-10SC HM62832HP-25 MS62256A-25NC 
HM6116LP-2/3/4 MS6516L-10PC HM62832HP-25 MS62256A-25NC 
HM6116P-2/3/4 MS6516L-10PC HM62832HP-30 MS62256A-25NC 
HM6207HJP-25 MS62251A-25RC HM62832HP-30 MS62256A-25PC 
HM6207HJP-35 MS62251A-35RC HM62832HP-35 MS62256A-25PC 
HM6207HJP-45 MS62251 A-45RC HM62832HP-35 MS62256A-35NC 
HM6207HP-25 MS62251 A-25NC HM62832HP-35 MS62256A-35PC 
HM6207HP-35 MS62251 A-35NC HM62832HP-45 MS62256A-45NC 
HM6207HP-45 MS62251 A-45NC HM62832HP-45 MS62256A-45PC 
HM6208H9-25 MS62252A-25NC HM62832JP-35 MS62256A-35RC 
HM6208HJP-25 MS62252A-25RC HM62832JP-45 MS62256A-45RC 
HM6208HJP-35 MS62252A-35RC HM62832P-35 MS62256A-35NC 
HM6208HJP-45 MS62252A-45RC HM62832P-45 MS62256A-45NC 
HM6208HP-35 MS62252A-35NC HM6709JP-20 MS62253A-20NC 
HM6208HP-45 MS62252A-45NC HM6709JP-20 MS62253A-20RC 
HM62256CLP-10SL MS62257-10PC HM6709JP-25 MS62253A-25NC 
HM62256CLP-12SL MS62257-10PC HM6709JP-25 MS62253A-25RC 
HM62256CLP-15SL MS62257-10PC HM6789HAP-20 MS6267 A-20NC 
HM62256LFP-10SL T MS62257~ 1 OFC HM6789HAP-20 MS6267 A-25NC 
HM62256LFP-10T MS62256L -10FC HM6789HAP-20 MS6267 A-35NC 
HM62256LFP-12SL T MS62257-10FC HM6789HAP-20 MS6267 A-45NC 
HM62256LFP~12T MS62256L -10FC 
HM62256LFP-15SL T MS62257 -1 OFC HYUNDAI MOSEL-VITELIC 
HM62256LFP-15T MS62256L -10FC 
HM62256LFP-8T MS62256L-85FC HY6116ALX-10/12/15P MS6516L-10PC 
HM62256LP-10 MS62256L-10PC HY6116AX-10/12/15P MS6516L-10PC 
HM62256LP-12 MS62256L -10PC HY6264L-85/1001120/150J MS6264L-10FC 
HM62256LP-15 MS62256L-10PC HY6264L-85/1001120/150P MS6264L -10PC 
HM62256LP-8 MS62256L -85PC HY62C256LJ-10 MS62256L-10FC 
HM624256J P-35 MS621002-25KC HY62C256LJ-12 MS62256L-10FC 
HM624256JP-35 MS621002-35KC HY62C256LJ-15 MS62256L -10FC 
HM624256JP-45 MS621002-20KC HY62C256LP-10 MS62256L-10PC 
HM624256P~35 MS621002-25EC HY62C256LP-12 MS62256L -10PC 
HM624256P-35 MS621002-35EC HY62C256LP-15 MS62256L -10PC 
HM624256P-45 MS621002-20EC HY63C256P-35 MS62256A-35PC 
HM6264AFP-l0/12/15 MS6264L-10FC HY63C256P-45 MS62256A-45PC 
HM6264ALFP-10/12/15 MS6264L-10FC 
HM6264ALFP-10/12/15/L MS6265-10FC 
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lOT MOSEL-VITELIC IDT71257S45TP MS62251 A-35NC 
IDT7125SS25PE MS62252A-25RC 

IDT61298S/L20P MS62253A-20NC IDT7125SS25TP MS62252A-25NC 
JDT61298S/L20Y MS62253A-20RC IDT71258S35PE MS62252A-35RC 
JDT61298S/L25P MS62253A-25NC IDT7125SS35TP MS62252A-35NC 
JDT6129SS/L25Y MS62253A-25RC IDT7125SS45PE MS62252A-45RC 
IDT619SS/L -20P MS6267 A-20NC IDT7125SS45TP MS62252A-45NC 
IDT619SS/L-25P MS6267 A-25NC IDT7164S-125/30/35TP MS6264A-25/30/35NC 
IDT619SS/L-35P MS6267 A-35NC IDT7164S-25130/35 MS6264A-25130/35SC 
IDT619SS/L-35P MS6267 A-45NC IDT7164S-25130/35P MS6264A-25/30/35PC 
IDT71024 MS621008-20EC IDT7164S-25/30/35PE MS6264A-25/30/35FC 
IDT71024 MS621ooS-20KC IDT7164S25P MS6264A-25PC 
IDT71024 MS62100S-25EC IDT7164S25TP MS6264A-25NC 
IDT71024 MS621008-25KC IDT7164S30P MS6264A-25PC 
IDT71024 MS621008-35EC IDT7164S30Y MS6264A-25RC 
IDT71024 MS621008-35KC IDT7164S30Y MS6264A-25SC 
IDT7102S MS621002-25KC JDT7164S35P MS6264A-35PC 
IDT7102S MS621002-20EC IDT7164S35Y MS6264A-35RC 
IDT7102S MS621002-20KC IDT7164S35Y MS6264A-35SC 
IDT7102S MS621002-25EC IDT7164STP35 MS6264A-35NC 
IDT7102S MS621002-35EC 
IDT7102S MS621002-35KC INTEL MOSEL-VITELIC 
JDT7125630TP MS62256A-25NC 
IDT7125630Y MS62256A-25RC P5164-PDIP20/25 MS6264A-25PC 
IDT7125635P MS62256A-35PC P5164SL-PDIP100 MS6264L-10PC 
JDT7125635TP MS62256A-35NC PG51256SL-10 SOIC PACK MS62256L-10FC 
JDT7125635Y MS62256A-35RC PG51256SL-10 P DIP MS62256L-10PC 
IDT7125645P MS62256A-45PC PG51256SL-70 SOIC PACK MS62256L -70FC 
IDT7125645TP MS62256A-45NC PG51256SL-70 P DIP MS62256L-70PC 
IDT7125645Y MS62256A-45RC PG5164SL -SOIC1oo MS6264L -10FC? 
JDT71256525PE MS62256A-25SC 
IDT71256525TP MS62256A-25NC MICROTECH MOSEL-VITELIC 
IDT71256525Y MS62256A-25RC 
IDT71256S25P MS62256A-25PC MT5C256S-25 MS62256A-25NC 
IDT71256S25PE MS62256A-25RC MT5C2568-25DJ MS62256A-25RC 
IDT71256S25TP MS62256A-25NC MT5C2568-30 MS62256A-25NC 
IDT71256S25Y MS62256A-25SC MT5C2568-30DJ MS62256A-25RC 
IDT71256S30P MS62256A-25PC MT5C256S-35 MS62256A-35NC 
IDT71256S30PE MS62256A-25RC MT5C2568-35DJ MS62256A-35RC 
IDT71256S30TP MS62256A-25NC MT5C2568-35W MS62256A-35PC 
IDT71256S30Y MS62256A-25SC MT5C2.56S-45 MS62256A-45NC 
IDT71256S35P MS62256A-35PC MT5C256S-45DJ MS62256A-45RC 
IDT71256S35PE MS62256A-35RC MT5C2568-45W MS62256A-45PC 
IDT71256S35TP MS62256A-35NC 
IDT71256S35Y MS62256A-35SC MICRON MOSEL-VITELIC 
IDT71256S45P MS62256A-45PC 
IDT71256S45PE MS62256A-45RC MT5C1005DJ-20 MS621002-20EC 
IDT71256S45TP MS62256A-45NC MT5C1005DJ-25 MS621002-25EC 
IDT71256S45Y MS62256A-45SC MT5C1005DJ-35 MS621002-35EC 
IDT71256S55P MS62256A-55PC MT5C1005W-20 MS621002-20KC 
IDT71256S55PE MS62256A-45RC MT5C1005W-25 MS621002-25KC 
IDT71256S55TP MS62256A-45NC MT5C1005W-35 MS621002-35KC 
IDT71256S55Y MS62256A-45SC MT5C100SDJ-20 MS62100S-20EC 
IDT71257S25PE MS62251A-25RC MT5C100SDJ-25 MS62100S-25EC 
IDT71257S25TP MS62251 A-25NC MT5C100SDJ-35 MS62100S-35EC 
IDT71257S35PE MS62251A-35RC MT5C100SW-20 MS62100S-20KC 
IDT71257S35TP MS62251A-35NC MT5C100SW-25 MS62100S-25KC 
IDT71257S45PE MS62251A-35RC MT5C100SW-35 MS62100S-35KC 
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MT5C2564-25 MS62252A-25NC M5M5256FP-15L MS62256L-10FC 
MT5C2564-35 MS62252A-35NC M5M5256FP-15LL MS62257 -1 OFC 
MT5C2564-45 MS62252A-45NC M5M5256P-10L MS62256L-10PC 
MT5C2564DJ-25 MS62252A-25RC M5M5256P-10L MS62256L-10PC 
MT5C2564DJ-35 MS62252A-35RC M5M5256P-10LL MS62257-10PC 
MT5C2564DJ-45 MS62252A-45RC M5M5256P-12L MS62256L -10PC 
MT5C2565-20 MS62253A-20NC M5M5256P-12LL MS62257 -1 OPC 
MT5C2565-25 MS62253A-25NC M5M5256P-15L MS62256L-10PC 
MT5C2565DJ-20 MS62253A-20RC M5M5256P-15LL MS62257 -1 OPC 
MT5C2565DJ-25 MS62253A-25RC M5M5256P-70L MS62256L-70PC 
MT5C2568-25 MS62256A-25NC M5M5256P-85L MS62256L -85PC 
MT5C2568-35 MS62256A-30NC M5M5257J-25 MS62251 A-25RC 
MT5C2568-35 MS62256A-35NC M5M5257J-35 MS62251 A-35RC 
MT5C2568-45 MS62256A-45NC M5M5257 J-45 MS62251 A-45RC 
MT5C2568DJ-25 MS62256A-25RC M5M5257P-25 MS62251 A-25NC 
MT5C2568DJ-35 MS62256A-25RC M5M5257P-35 MS62251 A-35NC 
MT5C2568DJ-35 MS62256A-25SC M5M5257P-45 MS62251 A-45NC 
MT5C2568DJ-45 MS62256A-45RC M5M5258J-25 MS62252A-25RC 
MT5C2568DJ-45 MS62256A-45SC M5M5258J-35 MS62252A-35RC 
MT5C2568W-25 MS62256A-25PC M5M5258J-45 MS62252A-45RC 
MT5C2568W-35 MS62256A-35PC M5M5258P-25 MS62252A-25NC 
MT5C2568W-45 MS62256A-45PC M5M5258P-35 MS62252A-35NC 
MT5C5257 -25 MS62251 A-25NC M5M5258P-45 MS62252A-45NC 
MT5C5257-35 MS62251 A-35NC 
MT5C5257 -45 MS62251 A-45NC MOTOROLA MOSEL-VITElIC 
MT5C5257DJ-25 MS62251A-25RC 
MT5C5257DJ-35 MS62251A-35RC MCM60L256AF-10 MS62256L-10FC 
MT5C5257DJ-45 MS62251 A-45RC MCM60L256AF-12 MS62256L-10FC 
MT5C6405-25 MS6267 A-25NC MCM60L256AF-70 MS62256L-70FC 
MT5C6405-35 MS6267 A-35NC MCM60L256AF-85 MS62256L-85FC 
MT5C6405-35 MS6267 A-45NC MCM60L256AP-10 MS62256L -10PC 
MT5C6408-25 MS6264A-25NC MCM60L256AP-12 MS62256L -10PC 
MT5C6408-25/30/35DJL MS6264A-25/30/35RC MCM60L256AP-70 MS62256L-70PC 
MT5C6408-25/30/35L MS6264A-25/30/35NC MCM6164CP-45/55 MS6264A-45NC 
MT5C6408-35 MS6264A-35NC MCM6206J25 MS62256A-25RC 
MT5C6408DJ-30 MS6264A-25RC MCM6206J25 MS62256A-25SC 
MT5C6408DJ-35 MS6264A-35RC MCM6206J30 MS62256A-25RC 
MT5C6408G-30 MS6264A-25SC MCM6206J30 MS62256A-25SC 
MT5C6408G-35 MS6264A-35SC MCM6206J35 MS62256A-35RC 
MT5C6408W-25 MS6264A-25PC MCM6206J35 MS62256A-35SC 
MT5C6408W-30 MS6264A-25PC MCM6206J45 MS62256A-45RC 
MT5C6408W-35 MS6264A-35PC MCM6206J45 MS62256A-45SC 

MCM6206J55 MS62256A-45RC 
MITSUBISHI MOSEL-VITElIC MCM6206J55 MS62256A-45SC 

MCM6206NJ-30 MS62256A-25RC 
M5M MS621002-20EC MCM6206NJ-35 MS62256A-35RC 
M5M178P-35/45/55 MS6264A-35/45NC MCM6206NJ-45 MS62256A-45RC 
M5M5165FP-70/10/12/15 MS6264L-70/10FC MCM6206NP-30 MS62256A-25NC 
M5M5165FP-70/10/12/15 MS6264L-70/10FC MCM6206NP-35 MS62256A-35NC 
M5M5165P-70/10/12/15 MS6264L-70/10PC MCM6206NP-45 MS62256A-45NC 
M5MS165P-70/10/12/15L MS6264L-70/10PC MCM6206P-35 MS62256A-35PC 
M5M5256AFP-10L MS62256L-10FC MCM6206P-45 MS62256A-45PC 
M5M5256AFP-70L MS62256L-70FC MCM6206P25 MS62256A-25NC 
M5M5256AFP-85L MS62256L -85FC MCM6206P25 MS62256A-25PC 
M5M5256FP-10L MS62256L-10FC MCM6206P30 MS62256A-25NC 
M5M5256FP-10LL MS62257 -1 OFC MCM6206P30 MS62256A-25PC 
M5M5256FP-12L MS62256L -10FC MCM6206P35 MS62256A-35NC 
M5M5256FP-12LL MS62257-10FC MCM6206P35 MS62256A-35PC 
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MCM6206P45 MS62256A-45NC UPD43258LA-35 MS62256A-35RC 
MCM6206P45 MS62256A-45PC UPD43258LA-45 MS62256A-45RC 
MCM6206P55 MS62256A-45NC uPD4363C-45 MS6267A-25NC 
MCM6206P55 MS62256A-55PC uPD4363C-45 MS6267 A-35NC 
MCM6207J25 MS62251A-25RC uPD4363C-45 MS6267 A-45NC 
MCM6207J35 MS62251 A-35RC UPDAGU-10L MS62256L-10FC 
MCM6207J45 MS62251 A-45RC UPDAGU-12L MS62256L -10FC 
MCM6207P25 MS62251 A-25NC UPDAGU-15L MS62256L -10FC 
MCM6207P35 MS62251 A-35NC UPDAGU-85L MS62256L-85FC 
MCM6207P45 MS62251 A-45NC J1PD446-0BSOLETE MS6516L-10PC 
MCM6208J20 MS621008-20KC 
MCM6208J25 MS621008-25KC OKI MOSEL-VITELIC 
MCM6208J35 MS621008-35KC 
MCM6208P20 MS621008-20EC MSM51257AL-10GS MS62256L-10FC 
MCM6208P25 MS621008-25EC MSM51257AL-l0RS MS62256L-l0PC 
MCM6208P35 MS621008-35EC MSM51257AL-12GS MS62256L-10FC 
MCM6209J-20 MS62253A-20RC MSM51257AL-12RS MS62256L-10PC 
MCM6209J-25 MS62253A-25RC MSM51257AL-85GS MS62256L-85FC 
MCM6209P-20 MS62253A-20NC MSM51257 AL-85RS MS62256L-85PC 
MCM6209P-25 MS62253A-25NC MSM51257 ALL-lOGS MS62257-10FC 
MCM6228J25 MS621002-20KC MSM51257ALL-10RS MS62257-10PC 
MCM6228J25 MS621002-25KC MSM51257ALL-85GS MS62257-70FC 
MCM6228J35 MS621002-35KC MSM51257ALL-85RS MS62257-70PC 
MCM6228P25 MS621002-20EC MSM5165AL-1OGS MS6264L-10FC 
MCM6228P25 MS621002-25EC MSM5165AL-10RS MS6264L-10PC 
MCM6228P35 MS621002-35EC 
MCM6264CNJ30 MS6264A-25RC PSI MOSEL-VITELIC 
MCM6264CNJ30 MS6264A-25SC 
MCM6264CNJ35 MS6264A-35RC P4C125625J MS62256A-25RC 
MCM6264CNJ35 MS6264A-35SC P4C125625J MS62256A-25SC 
MCM6264CP25 MS6264A-25NC P4C125625P MS62256A-25NC 
MCM6264CP25 MS6264A-25PC P4C125625P MS62256A-25PC 
MCM6264CP30 MS6264A-25PC P4C12563OJ MS62256A-25RC 
MCM6264CP35 MS6264A-35NC P4C12563OJ MS62256A-25SC 
MCM6264CP35 MS6264A-35PC P4C125630P MS62256A-25NC 
MCM6290P15 MS6267A-25NC P4C125630P MS62256A-25PC 
MCM6290P15 MS6267 A-35NC P4C125635J MS62256A-35RC 
MCM6290P15 MS6267 A-45NC P4C125635J MS62256A-35SC 
MSM60L256AP-85 MS62256L-85PC P4C125635P MS62256A-35NC 

P4C125635P MS62256A-35PC 
NEC MOSEL-VITELIC P4C125645J MS62256A-45RC 

P4C125645J MS62256A-45SC 
UPD43256AC-10L MS62256L-l0PC P4C125645P MS62256A-45NC 
UPD43256AG-l0L MS62257-10PC P4C125645P MS62256A-45PC 
UPD43256AG-12L MS62256L-l0PC P4C125655J MS62256A-45RC 
UPD43256AC-15L MS62256L-10PC P4C125655J MS62256A-45SC 
UPD43256AC-85L MS62256L-85PC P4C125655P MS62256A-45NC 
UPD43256AC-85LL MS62257 -70PC P4C125655P MS62256A-55PC 
UPD43256AGU-10LL MS62257 -1 OFC P4C1257-25J MS62251 A-25RC 
UPD43256AGU-85LL MS62257-75FC P4C1257-25P MS62251 A-25NC 
UPD43256BC-70L MS62256L-70PC P4C1257-35J MS62251A-35RC 
UPD43256BC-85L MS62256L -85PC P4C1257-35P MS62251 A-35NC 
UPD43256BGU-70L MS62256L-70FC P4C1257-45J MS62251 A-35RC 
UPD43256BGU-85L MS62256L-85FC P4C1257-45P MS62251A-35NC 
UPD43258CR-25 MS62256A-25NC P4C125825J MS62252A-25RC 
UPD43258CR-35 MS62256A-35NC P4C125825P MS62252A-25NC 
UPD43258CR-45 MS62256A-45NC P4C125835J MS62252A-35RC 
UPD43258LA-25 MS62256A-25RC P4C125835P MS62252A-35NC 
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P4C125845J MS62252A-35RC LH5160N-l0L MS6264L-l0FC 
P4C125845P MS62252A-35NC LH51640-10L MS6264L-l0PC 
P4C198L-25P MS6267 A-25NC LH5164N-l0L MS6264L-l0FC 
P4C198L-35P MS6267 A-35NC LH521 002-20 MS621002-20KC 
P4C198L-45P MS6267 A-45NC LH521 0020-20 MS621002-20EC 

LH521 0020-25 MS621002-25EC 
5-MOS MOSEL-VITELIC LH521002D-35 MS621002-35EC 

LH521002K-25 MS621002-25KC 
SRM20256LC-l0 MS62256L-l0PC LH521002K-35 MS621002-35KC 
SRM20256LC-12 MS62256L-l0PC LH521 0080-20 MS621008-20EC 
SRM20256LC-B5 MS62256L-B5PC LH521 0080-25 MS621008-25EC 
SRM20256LM-l0 MS62256L-l0FC LH521008D-35 MS621008-35EC 
SRM20256LM-12 MS62256L-l0FC LH521008K-20 MS621008-20KC 
SRM20256LM-B5 MS62256L-85FC LH521008K-25 MS621008-25KC 
SRM20256N-45 MS62256A-45NC LH521008K-35 MS621008-35KC 
SRM20256N-55 MS62256A-45NC LH52251 AD-25 MS62251 A-25NC 
SRM22256C-55 MS62256A-55PC LH52251 AO-35 MS62251 A-35NC 
SRM22256C-70 MS62256L-70PC LH52251AD-45 MS62251 A-35NC 
SRM22256M-55 MS62256L-70FC LH52251AK-25 MS62251A-25RC 
SRM22256M-70 MS62256L-70FC LH52251AK-35 MS62251A-35RC 
SRM2264LC10112 MS6264L-10PC LH52251AK-45 MS62251 A-35RC 
SRM2264LM10112 MS6264L-l0FC LH52252A0-25 MS62252A-25NC 

LH52252AD-35 MS62252A-35NC 
SAMSUNG MOSEL-VITELIC LH52252AD-45 MS62252A-45NC 

LH52252AK-25 MS62252A-25RC 
KM62256ALP~ 10 MS62256L-l0PC LH52252AK-35 MS62252A-35RC 
KM62256ALP-12 MS62256L-l0PC LH52252AK-45 MS62252A-45RC 
KM62256ALP-B MS62256L-l0PC LH52253A-20RC MS62253A-20RC 
KM62256ALSG-l0 MS62256L-l0FC LH52253A-25NC MS62253A-25NC 
KM62256ALSG-12 MS62256L-l0FC LH52253A-25RC MS62253A-25RC 
KM62256ALSG-B MS62256L-l0FC LH52256L_12 MS62256L~1 OPC 
KM6264A-70/10/12/P MS6264L-70/10PC LH52256L-70 MS62256L-70PC 
KM6264AL-70/10112P MS6264L -70/1 OPC LH52256L-90 MS62256L-B5PC 
KM68257P-35 MS62256A-35PC LH52256N-120L MS62256L-l0FC 
KM68257P-45 MS62256A-45PC LH52256N-70L MS62256L-70FC 

LH52256N-90 MS62256L-B5FC 
SGS THOMPSON MOSEL-VITELIC LH522580-25 MS62256A-25NC 

LH522580-25 MS62256A-25PC 
MK4832LN"120 MS62256L~10PC LH522580-25 MS62256A-25NC 
MK4832LN"l0 MS62256L-70PC LH52258D-35 . MS62256A-25NC 
MK48H64LN-70/12 MS6264L-70/10PC LH52258D-35 MS62256A-35NC 
MK48H64L8-70112 MS6264L -70/1 OFC LH522580-35 MS62256A-35NC 

.' MK48H64N-70/12 MS6264L-70/10PC LH52258D-45 MS62256A-45NC 
MK48H64S-70/12 MS6264L-70/10FC LH52258D-45 MS62256A-45NC 

LH52258P-35 MS62256A-22225PC 
SHARP MOSEL-VITELIC . LH52258P-35 MS62256A-35PC 

LH52258P-45 MS62256A-45PC 
LH5116-10 MS6516L-10PC LH5267 A-25NC MS6267 A-25NC 
LH5116H-l0 MS6516L-10PI . LH5267A-35NC MS6267 A-35NC ... 
LH5117-10 MS6516L-10PC LH5267A-45NC MS6267 A-45NC 
LH5117H-l0 MS6516L-l0PI LJ52253A-20NC MS62253A-20NC 
LH5118-10· MS6516L-l0PC 
LH5118H-l0 MS6516L-l0PI SONY MOSEL-VITELIC 
LH51256P-l0 MS62256L-l0PC 
LH51256P-12L MS62256L-l0PC CSXK58257M-l0LL MS62257 _1 OPC , 
LH5160-10L MS6264L-l0PC CSXK58257M-12LL MS6225HOPC 
LH5160-10L MS6264L-10PI CSXK58257M-85LL MS62257-70FC . 
LH5160D-l0L MS6265"10NC CXK51256-35P MS62251A-25NC 
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CXK51256-35P MS62251 A-35NC CXK5863M-25/30135 MS6264A-25/35FC 
CXK51256-45P MS62251 A-45NC CXK5863P-25/30/35 MS6264A-25135NC 
CXK54256-35P MS62252A-25NC CXK5864BM-7011 0/12L MS6264L-70/10FC 
CXK54256-35P MS62252A-35NC CXK5864BM-7011 0/12LL MS6265-10FC 
CXK54259-45P MS62252A-45NC CXK5864BP-70/10112 MS6264L-70/10PC 
CXK5465P-25 MS6267 A-25NC CXK5864BP-70/10/12LL MS6265-10PC 
CXK5465P-35 MS6267 A-35NC CXK5864BSP-70/10/12L MS6265-10NC 
CXK5465P-35 MS6267 A-45NC CXK5864BSP-70/10/12LL MS6265-10NC 
CXK58102Q-35J MS621008-20KC 
CXK581020-35J MS621008-25KC TOSHIBA MOSEL-VITELIC 
CXK581020-35J MS621008-35KC 
CXK58102Q-35SP MS621008-20EC TC5517P-10/12115 MS6516L-10PC 
CXK58102Q-35SP MS621008-25EC TC55257BFL-10 MS62256L -10FC 
CXK58102Q-35SP MS621008-35EC TC55257BFL-10L MS62257 -1 OPC 
CXK5816M-10/12115 MS6516L-10SC TC55257BFL-85 MS62256L-85FC 
CXK5816M-10U12U15L MS6516L-10SC TC55257BFL-85L MS62257 -70PC 
CXK5816PN-10/12115 MS6516L-10PC TC55257BPL-10 MS62256L-10PC 
CXK5816PN-10U12U15L MS6516L-10PC TC55257BPL -85 MS62256L -85PC 
CXK58257P-10L MS62256L-10PC TC55328J-25 MS62256A-25RC 
CXK58257P-12L MS62256L-10PC TC55328J-25 MS62256A-25SC 
CXK58257P-70L MS62256L-70PC TC55328J-25 MS62256A-25RC 
CXK58257P-85L MS62256L-85PC TC55328J-35 MS62256A-35RC 
CXK58257SP-10L MS62256L-10FC TC55328J-35 MS62256A-35SC 
CXK58257SP-12L MS62256L-10FC TC55328P-25 MS62256A-25NC 
CXK58257SP-70L MS62256L-70FC TC55328P-25 MS62256A-25PC 
CXK58257SP-85L MS62256L-85FC TC55328P-25 MS62256A-25NC 
CXK58258-45P MS62256A-45PC TC55328P-35 MS62256A-35NC 
CXK58258-45SP MS62256A-45NC TC55328P-35 MS62256A-35PC 
CXK58258-55P MS62256A-55PC TC55328P-45 MS62256A-45NC 
CXK58258-55SP MS62256A-45NC TC55328P-45 MS62256A-45PC 
CXK58258B-25J MS62256A-25RC TC55417P-25H MS6267 A-25NC 
CXK58258B-25J MS62256A-25SC TC55417P-35H MS6267 A-35NC 
CXK58258B-25P MS62256A-25NC TC55417P-35H MS6267 A-45NC 
CXK58258B-25P MS62256A-25PC TC55464J-25 MS62252A-25RC 
CXK58258B-35J MS62256A-35RC TC55464J-35 MS62252A-35RC 
CXK58258B-35J MS62256A-35SC TC55464P-25 MS62252A-25NC 
CXK58258B-35P MS62256A-35NC TC55464P-35 MS62252A-35NC 
CXK58258B-35P MS62256A-35PC TC55465J-20 MS62253A-20RC 
CXK58258P-35 MS62256A-35PC TC55465J-25 MS62253A-25RC 
CXK58258P-45 MS62256A-45PC TC55465P-20 MS62253A-20NC 
CXK58258P-55 MS62256A-45PC TC55465P-25 MS62253A-25NC 
CXK58258SP-25 MS62256A-25NC TC5563APL -10/12/15 MS6265-10NC 
CXK58258SP-30 MS62256A-25NC TC5563APL-10112/15L MS6265-10NC 
CXK58258SP-35 MS62256A-35NC TC5565AFL-10112/15 MS6264L-10FC 
CXK58258SP-45 MS62256A-45NC TC5565AFL-10/12/15L MS6264L-10FC 
CXK58258SP-55 MS62256A-45NC TC5565APL -10/12/15 MS6264L-10PC 
CXK5863AJ-25 MS6264A-25RC TC5565APL -10/12/15L MS6264L-10PC 
CXK5863AJ30 MS6264A-25RC TC5588J35 MS6264A-25RC 
CXK5863AJ30 MS6264A-25SC TC5588J35 MS6264A-25SC 
CXK5863AJ35 MS6264A-35RC TC5588J35 MS6264A-35NC 
CXK5863AJ35 MS6264A-35SC TC5588J35 MS6264A-35RC 
CXK5863AP-25 MS6264A-25NC TC5588J35 MS6264A-35SC 
CXK5863AP25 MS6264A-25NC TC5588P-25 MS6264A-25NC 
CXK5863AP25 MS6264A-25PC TC5588P-25 MS6264A-25NC 
CXK5863AP30 MS6264A-25PC TC5588P-30 MS6264A-25PC 
CXK5863AP35 MS6264A-35NC TC5588P35 MS6264A-35PC 
CXK5863AP35 MS6264A-35PC 
CXK5863J-25130/35 MS6264A-25135RC 
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UMC MOSEL-VITELIC UM6264AM-10/12 MS6264L-10FC 
UM6264AM-10112L MS6264L-10FC 

UM6116-2I2L MS6516L~10PC UM6264K-70110112 MS6265-10NC 
UM611~2TI2LT MS6516L-10PI UM6264K-70110112L MS6265-10NC 
UM6116M-2I2L MS6516L-1OSC UM6264M-70110112 MS6264L-70/10FC 
UM6116M-2TI2L T MS6516L-10SI UM6264M-70/10/12L MS6264L-70110FC 
UM62256-10 MS62256L-10PC 
UM62256-12L MS62256L-10PC WIN.DBOND MOSEL-VITELIC 
UM62256M-10 MS62256L-10FC 
UM62256M-12L MS62256L-10FC W2416-10/10L MS6516L-10PC 
UM6264-70110112 MS6264L-70110PC W24165-10110L MS6516L-10SC 
UM6264-70110112L MS6264L-70110PC W2464-1 0112 MS6264L-10PC 
UM6264A-10112 MS6264L-10PC W2464-10112L MS6264L-10PC 
UM6264A-10112L MS6264L-10PC W2464K-10/12 MS6265-10Ne 
UM6264A-10112LL MS6265-10PC W2464K-10112L MS6265-10NC 
UM6264AK-10112 MS6265-10NC W24645-1 0112 MS6264L-10FC 
UM6264AK-10112L MS6265-10NC W24645-10/12L MS6264L-10FC 
UM6264AK-10112LL MS6265-10NC 
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AMD MOSEL-VITELIC AM7204-80PC 7204-80PC 
AM7204-120PC 7204-80PC 

AM720D-2SPC 720D-2SPC AM7204-3SJC 7204-3SJC 
AM720D-3SPC 7200-3SPC AM7204-SOJC 7204-S0JC 
AM720D-SOPC 7200-S0PC AM7204-6SJC 7204-S0JC 
AM720D-6SPC 7200-S0PC AM7204-8OJC 7204-80JC 
AM720D-80PC 720D-80PC AM7204-12OJC 7204-80JC 
AM720D-25JC 7200-25JC 
AM720D-3SJC 720D-35JC CYPRESS MOSEL-VITELIC 
AM720D-SOJC 72OD-SOJC 
AM720D-65JC 720D-SOJC CY7C420-30PC 7201A-2SPC 
AM72OD-8OJC 720D-80JC CY7C42D-40PC 7201A-3SPC 
AM720D-2SRC 720D-2SNC CY7C420-6SPC 7201A-SOPC 
AM720D-3SRC 7200-3SNC CY7C421-30PC 7201A-2SNC 
AM72OD-SORC 720D-5ONC CY7C421-40PC 7201A-3SNC 
AM720D-6SRC 720D-50NC CY7C421-65PC 7201A-50NC 
AM720D-80RC 720o-aONC CY7C421-3OJC 7201A-2SJC 
AM7201-2SPC 7201A-2SPC CY7C421-4OJC 7201A-35JC 
AM7201-3SPC 7201A-3SPC CY7C421-6SJC 7201A-SOJC 
AM7201-S0PC 7201A-SOPC CY7C424-30PC 7202A-2SPC 
AM7201-6SPC 7201A-SOPC CY7C424-40PC 7202A-3SPC 
AM7201-80PC 7201A-80PC CY7C424-65PC 7202A-50PC 
AM7201-2SJC 7201A-25JC CY7C425-30PC 7202A-2SNC 
AM7201-35JC 7201A-35JC CY7C425-40PC 7202A-3SNC 
AM7201-SOJC 7201A-SOJC CY7C425-65PC 7202A-50NC 
AM7201-6SJC 7201A-SOJC CY7C42S-30JC 7202A-25JC 
AM7201-8OJC 7201A-8OJC CY7C425-4OJC 7202A-35JC 
AM7201-2SRC 7201A-2SNC CY7C42S-65JC 7202A-5OJC 
AM7201-3SRC 7201A-3SNC CY7C428-40PC 7203-3SPC 
AM7201-S0RC 7201A-SONC CY7C428-65PC 7203-50PC 
AM7201-6SRC 7201A-50NC CY7C429-40PC 7203-3SNC 
AM7201-80RC 7201A-80NC CY7C429-65PC 7203-S0NC 
AM7202-2SPC 7202A-2SPC CY7C429-4OJC 7203-35JC 
AM7202-3SPC 7202A-3SPC CY7C429-65JC 7203-50JC 
AM7202-S0PC 7202A-SOPC 
AM7202-6SPC 7202A-50PC DALLAS MOSEL-VITELIC 
AM7202-80PC 7202A-80PC 
AM7202-2SJC 7202A-25JC 052009-3S 7201A-3SPC 
AM7202-35JC 7202A-3SJC 052009-50 7201A-SOPC 
AM7202-SOJC 7202A-SOJC 052009-6S 7201A-SOPC 
AM7202-65JC 7202A-SOJC 052009-80 7201A-80PC 
AM7202-8OJC 7202A-80JC 052009R-3S 7201A-35JC 
AM7202-2SRC 7202A-2SNC 052009R-SO 7201A-SOJC 
AM7202-3SRC 7202A-3SNC 052009R-6S 7201A-SOJC 
AM7202-S0RC 7202A-SONC 052009R-80 7201A-8OJC 
AM7202-6SRC 7202A-SONC 052010-3S 7202A-3SPC 
AM7202-80RC 7202A-80NC 05201D-SO 7202A-SOPC 
AM7203-3SPC 7203-3SPC 052010-6S 7202A-SOPC 
AM7203-S0PC 7203-S0PC 052010-80 7202A-80PC 
AM7203-6SPC 7203-S0PC 052010R-3S 7202A-3SJC 
AM7203-80PC 7203-80PC 052010R-50 7202A-SOJC 
AM7203-3SJC 7203-3SJC 052010R-6S 7202A-SOJC 
AM7203-SOJC 7203-S0JC 052010R-80 7202A-80JC 
AM7203-65JC 7203-SOJC 052011-3S 7203A-3SPC 
AM7203-8OJC 7203-80JC 052011-50 7203A-50PC 
AM7204-3SPC 7204-3SPC 052011-6S 7203A-50PC 
AM7204-S0PC 7204-50PC 052011-80 7203A-80PC 
AM7204-6SPC 7204-S0PC OS2011R-3S 7203A-3SJC 
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DS2011R-50 7203A-50JC IDT7201LA50TP 7201AL-50NC 
DS2011R-65 7203A-50JC IDT7201LA65TP 7201AL-50NC 
DS2011R-SO 7203A-80JC IDT7201LASOTP 7201 AL-SONC 

IDT7201LA120TP 7201AL-SONC 
lOT MOSEL-VITELIC IDT7201LA25J 7201AL-25JC 

IDT7201LA35J 7201AL-35JC 
IDT7200L25TP 7200L-25NC IDT7201LA50J 7201AL-5OJC 
IDT7200L35TP 7200L-35NC IDT7201LA65J 7201AL-5OJC 
IDT7200L50TP 7200L-50NC IDT7201LASOJ 7201AL-SOJC 
IDT7200L65TP 7200L-50NC IDT7201LA120J 7201 AL -SOJC 
IDT7200LSOTP 7200L-80NC IDT7201 LA25S0 7201AL-25FC 
IDT7200L 120TP 7200L-SONC IDT7201LA35S0 7201 AL-35FC 
IDT7200L25J 7200L-25JC IDT7201LA50S0 7201 AL-50FC 
IDT7200L35J 7200L-35JC IDT7201LA65S0 7201AL-50FC 
IDT7200L50J 7200L-5OJC IDT7201LASOSO 7201 AL-SOFC 
IDT7200L65J 7200L-5OJC IDT7201LA 120S0 7201AL-SOFC 
IDT7200LSOJ 7200L-SOJC IDT7201S50P 7201A-50PC 
IDT7200L 120J 7200L-8OJC IDT7201 S65P 7201A-50PC 
IDT7200L25S0 7200L-25FC IDT7201SS0P 7201A-80PC 
IDT7200L35S0 7200L-35FC IDT7201S120P 7201A-SOPC 
IDT7200L50S0 7200L-50FC IDT7201S50J 7201A-50JC 
IDT7200L65S0 7200L-50FC IDT7201S65J 7201A-50JC 
IDT7200LSOSO 7200L-SOFC IDT7201SS0J 7201A-SOJC 
IDT7200L 120S0 7200L-SOFC IDT7201S120J 7201A-SOJC 
IDT7200S25TP 7200-25NC IDT7201 SA25P 7201A-25PC 
IDT7200S35TP 720D-35NC IDT7201SA35P 7201A-35PC 
IDT7200S50TP 7200-50NC IDT7201SA50P 7201A-50PC 
IDT7200S65TP 72OD-50NC IDT7201SA65P 7201A-50PC 
IDT7200SS0TP 7200-S0NC IDT7201SASOP 7201A-SOPC 
IDT7200S120TP 720D-SONC IDT7201 SA 120P 7201 A-SO PC 
IDT7200S25J 720D-25JC IDT7201SA25TP 7201A-25NC 
1DT7200S35J 720D-35JC IDT7201SA35TP 7201A-35NC 
IDT7200S50J 7200-5OJC IDT7201 SA50TP 7201A-50NC 
IDT7200S65J 7200-5OJC I DT7201 SA65TP 7201A-50NC 
IDT7200SS0J 7200-S0JC IDT7201 SASOTP 7201A-SONC 
IDT7200S12OJ 7200-SOJC IDT7201SA120TP 7201A-SONC 
IDT7200S25S0 720D-25FC IDT7201 SA25J 7201A-25JC 
IDT7200S35S0 7200-35FC IDT7201SA35J 7201A-35JC 
IDT7200S50S0 720D-50FC IDT7201 SA50J 7201A-50JC 
IDT7200S65S0 7200-50FC IDT7201 SA65J 7201A-50JC 
IDT7200SS0S0 7200-S0FC IDT7201SASOJ 7201A-SOJC 
IDT7200Sl20S0 720D-SOFC IDT7201SA120J 7201A-SOJC 
IDT7201 L50P 7201AL-50PC IDT7201 SA25S0 7201A-25FC 
IDT7201L65P 7201AL-50PC IDT7201 SA35S0 7201A-35FC 
1DT7201 LSOP 7201AL-SOPC IDT7201 SA50S0 7201A-50FC 
IDT7201 L 120P 7201AL-SOPC I DT7201 SA65S0 7201A-50FC 
IDT7201 L50J 7201AL-5OJC IDT7201 SASOSO 7201A-SOFC 
IDT7201 L65J 7201AL-5OJC I DT720 1 SA 120S0 7201A-SOFC 
IDT7201 LSOJ 7201AL-SOJC IDT7202L50P 7202AL-50PC 
IDT7201L120J 7201AL-SOJC IDT7202L65P 7202AL-50PC 
IDT7201LA25P 7201AL-25PC IDT7202LSOP 7202AL-SOPC 
IDT7201LA35P 7201AL-35PC IDT7202L120P 7202AL-SOPC 
IDT7201LA50P 7201AL-50PC IDT7202L50J 7202AL-5OJC 
IDT7201LA65P 7201AL-50PC IDT7202L65J 7202AL-5OJC 
IDT7201LASOP 7201AL-SOJC IDT7202LSOJ 7202AL-SOJC 
IDT7201LA120P 7201AL-8OJC IDT7202L 120J 7202AL-SOJC 
IDT7201LA25TP 7201AL-25NC IDT7202LA25P 7202AL-25PC 
IDT7201LA35TP 7201AL-35NC IDT7202LA35P 7202AL-35PC 
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IDT7202LA50P 7202AL-50PC IDT7203L 120P 7203L-80PC 
IDT7202LA65P 7202AL-50PC IDT7203L35J 7203L-35JC 
IDT7202LA80P 7202AL-80PC IDT7203L50J 7203L-5OJC 
IDT7202LA120P 7201 AL -80PC IDT7203L65J 7203L-5OJC 
IDT7202lA25TP 7202AL-25NC IDT7203L80J 7203L-8OJC 
IDT7202LA35TP 7202AL-35NC IDT7203L120J 7203L-8OJC 
IDT7202LA50TP 7202AL-50NC IDT7203S35P 7203-35 PC 
I DT7202LA65TP 7202AL-50NC IDT7203S50P 7203-50PC 
IDT7202LA80TP 7202AL-80NC IDT7203S65P 7203-50PC 
I DT7202LA 120TP 7202AL-80NC IDT7203S80P 7203-80PC 
IDT7202lA25J 7202AL-25JC IDT7203S120P 7203-80PC 
IDT7202LA35J 7202AL -35JC IDT7203S35J 7203-35JC 
IDT7202LA50J 7202AL-5OJC IDT7203S50J 7203-50JC 
IDT7202LA65J 7202AL-5OJC IDT7203S65J 7203-50JC 
IDT7202LA80J 7202AL-8OJC IDT7203S80J 7203-80JC 
IDT7202LA 120J 7202AL-8OJC IDT7203S12OJ 7203-8OJC 
IDT7202LA25S0 7202AL-25FC IDT7204L35P 7204L-35PC 
IDT7202LA35S0 7202AL-35FC IDT7204L50P 7204L-50PC 
IDT7202LA50S0 7202AL-50FC IDT7204L65P 7204L-50PC 
IDT7202LA65S0 7202AL-50FC IDT7204L80P 7204L-80PC 
IDT7202LA80S0 7202AL-80FC IDT7204L 120P 7204L-80PC 
IDT7202LA120S0 7202AL-80FC IDT7204L35J 7204L-35JC 
IDT7202S50P 7202A-50PC IDT7204L5OJ 7204L-5OJC 
IDT7202S65P 7202A-50PC IDT7204L65J 7204L-5OJC 
IDT7202S80P 7202A-80PC IDT7204L8OJ 7204L-8OJC 
IDT7202S120P 7202A-80PC IDT7204l120J 7204L-8OJC 
IDT7202S5OJ 7202A-5OJC IDT7204S35P 7204-35PC 
IDT7202S65J 7202A-5OJC IDT7204S50P 7204-50PC 
IDT7202S8OJ 7202A-8OJC IDT7204S65P 7204-50PC 
IDT7201S120J 7202A-8OJC IDT7204S80P 7204-80PC 
IDT7202SA25P 7202A-25PC IDT7204S120P 7204-80PC 
IDT7202SA35P 7202A-35PC IDT7204S35J 7204-35JC 
IDT7202SA50P 7202A-50PC IDT7204S5OJ 7204-5OJC 
IDT7202SA65P 7202A-50PC IDT7204S65J 7204-5OJC 
IDT7202SA80P 7202A-80PC IDT7204S8QJ 7204-8OJC 
IDT7202SA 120P 7202A-80PC IDT7204S12OJ 7204-8OJC 
IDT7202SA25TP 7202A-25NC 
IDT7202SA35TP 7202A-35NC MOSTEK MOSEL-VITELIC 
IDT7202SA50TP 7202A-50NC 
IDT7202SA65TP 7202A-50NC MK4501-10N 7201A-80PC 
IDT7202SA80TP 7202A-80NC MK4501-12N 7201A-80PC 
IDT7202SA 120TP 7202A-80NC MK4501-65N 7201A-50PC 
IDT7202SA25J 7202A-25JC MK4501-80N 7201A-80PC 
IDT7202SA35J 7202A-35JC 
IDT7202SA5OJ 7202A-50JC SAMSUNG MOSEL-VITELIC 
IDT7202SA65J 7202A-50JC 
IDT7202SA80J 7202A-80JC KM75C1 01 AP-25 7201A-25PC 
IDT7202SA 120J 7202A-80JC KM75C1 01 AP-35 7201A-35PC 
IDT7202SA25S0 7202A-25FC KM75C101AP-80 7201A-80PC 
IDT7202SA35S0 7202A-35FC KM75C1 01 AJ-25 7201A-25JC 
IDT7202SA50S0 7202A-50FC KM75C101AJ-35 7201A-35JC 
IDT7202SA65S0 7202A-50FC KM75C1 01 AJ-80 7201A-80JC 
IDT7202SA80S0 7202A-80FC KM75C1 01 AN-25 7201A-25NC 
IDT7202SA 120S0 7202A-80FC KM75C1 01 AN-35 7201A-35NC 
IDT7203L35P 7203L-35PC KM75C1 01 AN-80 7201A-80NC 
IDT7203L50P 7203L-50PC KM75C102AP-25 7202A-25PC 
IDT7203L65P 7203L-50PC KM75C102AP-35 7202A-35PC 
IDT7203L80P 7203L-80PC KM75C102AP-80 7202A-80PC 
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KM75C102AJ-25 7202A-25JC LH5496-50 7201A-50PC 
KM75C102AJ-35 7202A-35JC LH5496D-35 7201A-35NC 
KM75C102AJ-80 7202A-8OJC LH5496D-50 7201A-50NC 
KM75C102AN-25 7202A-25NC LH5497-35 7202A-35PC 
KM75C102AN-35 7202A-35NC LH5497-50 7202A-50PC 
KM75C102AN-80 7202A-80NC LH5497D-35 7202A-35NC 
KM75C03AP-35 7203A-35PC LH5497D-50 7202A-50NC 
KM75C03AP-80 7203A-80PC LH5498-35 7203-35PC 
KM75C03AJ-35 7203A-35JC LH5498-50 7203-50PC 
KM75C03AJ-80 7203A-80JC LH5498D-35 7203-35NC 
KM75C03AN-35 7203A-35NC LH5498D-50 7203-50NC 
KM75C03AN-80 7203A-80NC 

TI MOSEL-VITELIC 
SHARP MOSEL-VITELIC 

SN74ACT7201 A-35N 7201AL-35PC 
LH5495D-25 7200-25NC SN74ACT7201 A-50N 7201AL-50PC 
LH5495D-35 7200-35NC SN74ACT7202-35N 7202AL-35PC 
LH5495D-45 7200-35NC SN74ACT7202-50N 7202AL-50PC 
LH5496-35 7201A-35PC 
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MOSEL-VITELIC ORDERING INFORM A TlON 

RAMs MSxxxxxx 

Modules 

--L L Temperature Range 
C - Commercial Of7O°C 
I -Industrial -40/+85°C 

Package 

Speed 

Power 
Blank - Standard 
L-LowPower 

F - 330 mil SOG 
G - Pin Grid Array 
J - Plastic Leaded Chip carrier 
K-SOJ 
N - 300 mil PDIP 
E - 400 mil PDIP 
P - 600 mil PDIP 
R- 300 mil SOJ 
S - 300 mil SOG 
Z-ZIP 

Part Number 

Vxxxxxxx l L L Temperature Range 
Blank - OI700C 

. 

Power I - Industrial -40/+85°C 

. Blank - Standard 

. L - Low Power 
Speed 

Package 
F - SOIC (Mini Rat Pack) 
J - Plastic Leaded Chip carrier 
K-SOJ 
P-PDIP 
S - Skinny DIP 
Z-ZIP 

Part Number 

Vxxxxxxx -LLL-
Module Height 

Module Edge Contact 
G - Gold Plated 
S - Tin Plated 

Configuration 
8-XS 
9-x9 
32-x32 
36- x36 

DRAM Package 
J - PLCC or SOJ 
P-PDIP 

Part Number 
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. MOSEL':'VrrELIC QUALITY AND RELIABILITY 
ASSURANCE PROGRAM 

Introduction 
MoselNitelic Corporation is committed to provide 
all products fabricated and tested to standards 
which assure that product quality and reliability 
shall exceed the requirements of our customers. 

To meet this commitment, MoselNitelic builds 
quality into all products by using the following 
procedures: 

1 • Products are developed using only proven 
design rules which are based upon demon
strated quality and reliability factors. 

2. Products are fabricated using mature, stable 
processes which are already in high volume 
production in our wafer vendors' factories. 
Vitelic and our wafer vendors jointly monitor 
trends in key process and yield parameters to 
identify any potential shifts in the underlying 
processes. 

3. Initial production lots of new products are 
evaluated thoroughly for quality and reliability 
and for manufacturability. If design or process 
changes are required during the life of a 
product, the modified product is treated as a 
new design and re-qualified completely. 

4. New products are thoroughly characterized 
over a wide range of temperature and operat
ing voltage conditions. Statistical distributions 
of key operating parameters are measured 
and parametric test programs are set to 
screen out any units of product with a mea
sured parameter outside the normal distribu
tion, even though these units may very well 
meet the standard product performance 
specification. . . 

5. Data gathered at various quality inspection 
points in the product flow are charted and 
distributed to management, engineering and 
operating personnel to insure that conform
ance to quality standards is kept uppermost in 
all employees' minds and that problems are 
identified and resolved. 

6. Quality and reliability of each product family 
are monitored on a continuous on-going basis 
for the life of the products. Characterization 
data and parameter distributions are re
measured periodically to insure that the 
product has not changed. 

7. I mprovements in product quality and reliability 
goals are part of the MoselNitelic Corporate 

Objectives and Key Results Program, and 
progress in achieving improvements to meet 
these corporate goals is reviewed thoroughly 
at each operating unit of the company. 

Examples of the application of these procedures 
are included in the following sections. 

Initial Qualification Procedure for New 
Products 
Initial qualification data is gathered for new 
products on samples from at least three separate 
production lots which have been manufactured 
after any initial fluctoations in deSign or process 
have been removed. The standard qualification 
tests for reliability include: 

High-Temperature Operating Life 
High-Temperature Storage Life 
Low-Temperature Operating Life 
Temperature/HumiditylBias Life 
Alpha Particle-Soft Errors 
Temperature Cycle 
Tt\ermal Shock 
Solderability 
Lead Fatigue 
Resistance to Solvents 
Resistance to Electrostatic Discharge 
Resistance to Electrostatic Latch-Up 

These standard tests are designed to subject the 
finished product to controlled stresses which are 
outside the normal range of operating environment 
of the product. In most cases, an acceleration 
factor can be derived which relates the expected 
failure rate under normal operating conditions to 
the observed failure rate under accelerated 
operation. In accelerated tests such as High
Temperature Operating Life, the acceleration 
factors are based on well-established physical 
theory, such as temperature-activated process 
rate theory and electrical field-enhanced dielectric 
breakdown theory. In other tests, such as Tem
perature/Humidity/Bias Life and Pressure Pot 
Storage Life, the acceleration factors are very 
empirical and the tests serve only as comparative 
guidelines within the integrated circuit industry. 

In either case, MoselNitelic uses generally ac
cepted test methods (Mil. Std 883, where appli-

. cable) and acceleration factors for measuring and 
reporting product quality and reliability results. 
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MOSEL-VITELIC V53C256A FAMILY 
HIGH PERFORMANCE, LOW POWER 
256K X 1 SIT FAST PAGE MODE 
CMOS DYNAMIC RAM 

HIGH PERFORMANCE V53C256A 60/60L 

Max. RAS Access Time, (tRAC) 60 ns 

Max. Column Address Access Time, (tCAA) 30 ns 

Max. CAS Access Time, (IeAC) 15 ns 

Min. Fast Page Mode Cycle Time, (tpc) 45ns 

Min. Read-Write Cycle Time, (tRC) 115 ns 

LOW POWER V53C256AL 60L 

Max. CMOS Standby Current, (Ioos) 1.2mA 

Features 

• Low power dissipation for V53C256A-1 0 
• Operating Current-60 mA max. 
• TTL Standby Current-3.5 mA max. 

• Low CMOS Standby Current 
• V53C256A-3.0 mA max. 
• V53C256AL-1.2 mA max. 

• Read-Modify-Write, RA8-0nly Refresh, CAS
before-RAS Refresh capability 

• Common I/O capability 
• Fast Page Mode operation for a sustained data 

rate greater than 21 MHz. 
• 256 Refresh cyclesJ4 ms 
• Standard packages are 16 pin Plastic DIP and 

18 pin PLCC 

Description 

The V53C256A is a high speed 262,144 x 1 bit 
CMOS dynamic random access memory. Fabri
cated with VICMOS III technology, the V53C256A 
offers a combination of size and features unattain-

Device Usage Chart 

70170L 80/80L 10/10L 

70 ns 80 ns 100 ns 

35 ns 40 ns 45 ns 

15ns 20ns 25 ns 

50 ns 55 ns 60 ns 

130 ns 145 ns 175 ns 

70L 80L 10L 

1.2mA 1.2mA 1.2mA 

able with NMOS technology: Fast Page Mode for 
high data bandwidth, fast usable speed, CMOS 
standby current and, for the V53C256AL, reduced 
CMOS standby mode supply current (100 ). 

All inputs and outputs are TTL compatitle. Input 
and output capacitances are significantly lowered to 
allow increased system performance. Fast Page 
Mode operation allows random or sequential access 
of up to 512 bits within a row with cycle times as short 
as 50 ns. Because of static circuitry, the CAS clock 
is not in the critical timing path. The flow-through 
column address latches allow address pipelining 
while relaxing many critical timing requirements 
for fast usable speed. These features make the 
V53C256 ideally suited for cache based mainframe 
and mini computers, graphics, digital signal process
ing and high performance microprocessor systems. 

The V53C256AL -10 offers a maximum data reten
tion power of 10 mW when operating in CMOS 
standby mode and performing RAS-only or CAS
before-RAS refresh cycles. This mode is entered by 
holding RAS at a voltage greater than V 00-0.2 when 
it is inactive. 

Operating Package Outline Access Time (ns) Power 
Temperature Temperature 

Range P J 60 70 80 100 Low Std. Mark 

O·Cto 70·C • • • . • • • • Blank 

V53C256A Rev.OO June 1990 
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MOSEL-VITELIC V53C256A 

Package Pkg. Pin Count 
V53C256A 

Plastic DIP 

PLCC 

P 16 

J 18 

16 Lead Plastic DIP 
PIN CONFIGURATION 

Top View 

AS Vss 

DIN CAS 
WE DOUT 

RAS A6 

Ao A3 

A2 A4 
A1 A5 

Voo A7 

Y 
FAMILY 

'-1 --I -I -I Y-I -I 
DEVICE PKG. SPEED TEMP. 

d (tRA~C) PWR. L BLANK (O'C to 70'C) 
P (PLASTIC DIP) L BLANK (NORMAL) 
J (PLCC) L 

L (LOW POWER) 

60 (60 ns) 
70 (70 ns) 
60 (60 ns) 
10 (lOOns) 101602 

18 Lead PLCC Package 
PIN CONFIGURATION 

Top View 

i!: .. Z!I~ 
0e(>0 

2 1 1817 

WE <ii 16 DoUT 
RAS 

(,) 
15 A6 () 

NC I\) 14 NC U1 
Ao ~ 13 A3 
A2 12 A4 

8 9 1011 

.... 0 ..... "" 
e(ee(e( 

> 
LOGIC SYMBOL 

Absolute Maximum Ratings" 

AO 
A1 
A2 
A3 
A4 DIN 
As 
A6 DOUT 
A7 
As 
RAS 
CAS 
WE 101603 

Capacitance" 

Ambient Temperature 
TA = 25°C, VDD = 5 V±10%, Vss = OV 

Under Bias ................................. -10°C to +80°C Symbol Parameter Typ. 

Storage Temperature (plastic) .... -55°C to + 125°C 
Voltage on any Pin Except VDD 

Relative to Vss ...................................... -1.0 V to +7.0 V 
Voltage on VDD relative to Vss ........ -1.0 V to +7.0 V 
Data Out Current ... ~ ........•..••..........•............. 50 rnA 

CIN1 Address, DIN 3 

. CIN2 RAS,CAS,WE 4 

COUT DOUT 4 

Max. 

4 

5 

6 

Power Dissipation ........................................... 1.0 W 
"Note: Capacitance is sampled and not 1 00% tested 

"Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 
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MOSEL-VITELIC 

Block Diagram 

256K x 1 

E 

S 

S ~ RAS CLOCK L CAS CLOCK ~ WE CLOCK 
GENERATOR f--------- GENERATOR ---0 GENERATOR 

VDD 

VSS 

0-+ 

0-+ 

~ 

~ 

· · · 
~ 

~ 

1 
REFRESH 
COUNTER 

{~a 
(J)(J) 
a: a: I- ~ WW 
u..0 

XO-X7 u..0 
=>0 i-- ~ tOw 
(J)o 
(J)W " wa: a:D.. 
00 
Oz « 

I 
I 

Xa.Va" 
! 

DATA 1/0 SELECT 
" 

" COLUMN DECODERS 

YO-V7 " 
SENSE AMPLIFIERS 

~ 
1024 

:.. 
r---

(J) 
a: ~ 3: w MEMORY 

0 0 r---v ARRAY a:8 
W 
0 

L...--
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BUFFER 
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MOSEL-VITELIC V53C256A 

DC and Operating Characteristics 
T A = o·e to 70·e, v DO = 5 V ±10%, V 55 = 0 V, unless otherwise specified. 

V53C256A V53C256AL 
Symbol Parameter Access Unit Test Conditions Notes 

Time Min. Max. Min. Max. 

III Input Leakage Current -10 10 -10 10 I1A V55~VIN~VOO 
(any input pin) 

ILO Output Leakage Current -10 10 -10 10 I1A ~~UT~VOO 
(for High-Z State) RAS,CAS at V1H 

60 80 80 

1001 V DO Supply Current, 70 70 70 
Operating 80 65 65 rnA tRC = tRC (min.) 1,2 

100 60 60 

1002 V DO Supply Current, 3.5 2.0 rnA RAS,CAS at V1H 
TTL Standby other inputs 2: V 55 

60 80 80 

1003 ~ Supply Current, 70 70 70 
RA8-0nly Refresh 80 60 60 rnA tRC = tRC (min.) 2 

100 50 50 

10D4 V DO Supply Current, 60 50 50 
Fast Page Mode 70 45 45 
Operation 80 40 40 rnA Minimum Cycle 1,2 

100 35 35 

1005 V DO Supply Current, 4 2.5 rnA RAS="IH,CAS=V1L 1 
Standby, Output Enabled other inputs 2: V 55 

1006 VOO Supply Current, 3 1.2 rnA RAS 2: VOO -{I.2 V, 
CMOS Standby CAS = V1H, 

other inputs 2: V 55 

V1L Input Low Voltage -1 0.8 -1 0.8 V 3 
(all inputs) 

V1H Input High Voltage 2.4 VOO 2.4 VOO V 3 
(all inputs) +1 +1 

VOL Output Low Voltage 0.4 0.4 V IOL =4.2 rnA 

VOH Output High Voltage 2.4 2.4 V IOH =-5mA 
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MOSEL-VITELIC V53C256A 

AC Characteristics 
T A = O·C to 70·C, V DO = 5 V ±1 0%, V SS = 0 V, unless otherwise noted 

60/60L 70nOL SO/SOL 10/10L 
# JEDEC Symbol Parameter Unit Notes 

Symbol Min. Max. Min. Max. Min. Max. Min. Max. 

1 tRL1RH1 tRAS RAS Pulse Width 60 75K 70 75K 80 75K 100 75K ns 

2 tRl2Rl2 tRC Read or Write Cycle Time 115 130 145 175 ns 

3 tRH2Rl2 tRP RAS Precharge Time 45 50 55 65 ns 

4 tAVRl2 tASR Row Address Setup Time 0 0 0 0 ns 

5 tRL1AX tRAH Row Address Hold Time 10 15 15 15 ns 

6 tAVRH1 hR Column Address to RAS 30 35 40 45 ns 
Setup Time 

7 ~L1AV tRAD RAS to Column Address 15 30 20 35 20 40 20 55 ns 4 
Delay Time 

8 tAVCl2 tASC Column Address Setup Time 0 0 0 0 ns 

9 1cL1AX hH Column Address Hold Time 10 15 15 20 ns 

10 tRL1CL1 tRCD RAS to CAS Delay 20 45 25 55 25 60 25 75 ns 5 

11 tRL1QV tRAC Access Time from RAS 60 70 80 100 ns 6,7,8 

12 tAVQV leAA Access Time from Column 30 35 40 45 ns 8,9, 
Address 15 

13 leL1QV hc Access Time from CAS 15 15 20 25 ns 8,15 

14 leL1CH1(R) leAS(R) CAS Pulse Width in 15 75K 15 75K 20 75K 25 75K ns 
Read Cycle 

15 tCL1RH1(R) tRSH(R) RAS Hold Time (Read Cycle) 15 15 20 25 ns 

16 iwH2Cl2 tRCS Read Command Setup Time 0 0 0 0 ns 

17 leH2WX tRCH Read Command Hold Time 0 5 5 5 ns 10 
Referenced to CAS 

18 tRH2WX tRRH Read Command Hold Time 5 5 5 5 ns 10 
Referenced to RAS 

19 leH2Rl2 leRP CAS to RAS Precharge Time 10 15 15 15 ns 

20 leH2QX tOFF Output Buffer 0 15 0 15 0 20 0 25 ns 11 
Turn Off Delay 
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MOSEL-VITELIC V53C256A 

AC Characteristics (Cont'd.) 

60/60l 70170l So/SOL to/tOl 
# JEDEC Symbol Parameter Unit Notes 

Symbol Min. Max. Min. Max. Min. Max. Min. Max. 

21 leH2QV toH Data Hold Time from CAS 0 0 0 0 ns 11 

22 WL1WH1 WP Write Pulse Width 10 15 15 20 ns 

23 leH2CL2 lep CAS Precharge Time 10 10 10 10 ns 

24 tRL1AX tAR Column Address Hold Time 50 55 60 70 ns 
fromRAS 

25 leL1CH1(W) leAS(W) CAS Pulse Width in 
Write Cycle 

20 20 25 30 ns 

26 leL1RH1(W) tRSH(W) RAS or CAS Hold Time 20 25 25 30 ns 
in Write Cycle 

27 tRL1WH1 WCR Write Command Hold Time 50 55 60 70 ns 
from RAS 

28 WL1CL2 WCS Write Command Setup TIme 0 0 0 0 ns 12,13 

29 leL1WH1 WCH Write Command Hold Time 10 15 15 20 ns 

30 IoVWL2 los Data In Setup Time 0 0 0 0 ns 14 

31 WH1DX IoH Data In Hold Time 15 15 15 20 ns 14 

32 tRL1DX IoHR Data In Hold TIme 50 55 60 70 ns 
Referenced to RAS 

33 tRL2RL2 tRWC Read-Modify-Write 140 155 175 210 ns 
(RMW) Cycle Time 

34 tRL1RH1 ~RW Read-Modify-Write Cycle 85 95 110 135 ns 
(RMW) RAS Pulse Width 

35 tRL1WL2 tRWD RAS to WE Delay In 60 70 80 100 ns 12 
Read-Modify-Write Cycle 

36 leL1WL2 leWD CAS to WE Delay 15 15 20 25 ns 12 

37 tAVWL2 tAWD Column Address to 30 35 40 45 ns 12 
WE Delay 

38 leH2QV leAP Access Time from 40 45 50 55 ns 15 
Column Precharge 

39 leL2CL2(R) tpc Fast Page Mode Read or 
Write Cycle Time 

45 50 55 60 ns 
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MOSEL-VITELIC V53C256A 

AC Characteristics (Cont'd.) 

60/60L 70170L SO/SOL 10/10L 
# JEDEC Symbol Parameter Unit Notes 

Symbol Min. Max. Min. Max. Min. Max. Min. Max. 

40 tcL2CL2 tPCM Fast Page Mode Read- 70 75 85 95 ns 

(RMW) Modify-Wr~e Cycle Time 

41 WL1RHl tRWL Wr~e Command to RAS 20 20 25 30 ns 

Lead Time 

42 WL1CHl tCWL Write Command to CAS 20 20 25 30 ns 

Lead Time 

43 tRH2CL2 tRPC RAS to CAS Precharge Time 0 0 0 0 ns 

44 tCL1RL2 tCSR CAS Setup Time 10 10 10 10 ns 

CAS-before-RAS Refresh 

45 tRUCHl tcHR CAS Hold Time 15 20 25 30 ns 

CAS-before-RAS Cycle 

46 tRL1CHl tCSH CAS Hold Time 60 70 80 100 ns 

47 1- 1- Transition Time 3 25 3 25 3 25 3 25 ns 16 

(Rise and Fall) 

tRI Refresh Interval 4 4 4 4 ms 17 

(256 Cycles) 
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MOSEL .. vrrELIC V53C256A 

Notes: 

1. IDD is dependent on output loading when the device output is selected. Specified IDD (max.) is measured with the 
output open. 

2. IDD is dependent upon the'number of address transitions. Specified IDD (max.) is measured with a maximum of two 

transitions per address cycle in Fast Page Mode. 

3. Specified V1L (min.) is steady state operation. During transitions. V1L (min.) may undershoot to -1.0 V for periods not 

to exceed 20 ns. All AC parameters are measured with V1L (min.);:: Vss and V1H (max.) S VDD. 

4. Operation within the ~D (max.) limit ensures that tRAC (max.) can be met. tRAD (max.) is specified as a reference 

point only. If ~AD is greater than the specified ~AD (max.) limit. the access time is controlled by tcAA and leAc. 

5. ~CD (max.) is specified for reference only. Operation within ~CD (max.) and tRAD (max.) limits ensure that ~AC (max.) 

and tcAA (max.) can be met. If tRCD is greater than the specified ~CD (max.). the access time is controlled by tcAA and 

leAc· 

6. Assumes that ~AD S ~AD (max.). IftRAD is greater than tRAD (max.). tRAC will increase by the amount that ~AD exceeds 

~AD(max.). 

7. Assumes thattRcD S ~CD (max.). IftRCD is greater than ~co (max.). tRAC will increase by the amount thsttRCD exceeds 

~CD(max.). 

8. Measured with a load equivalent to two TIL inputs and 100 pF in parallel. 

9. Assumes that tRAD ;:: tRAD (max.). 

10. Either ~RH or ~CH must be satisfied for a Read Cycle to occur. 

11. taFF and taN define the time at which Dour reaches an open circuit condition and are not referenced to the output 

voltage levels. 

12. fwcs. tAWD• tAWD and lewD are not restrictive operating parameters. 

13. fwcs (min.) must be satisfied in an Early Write Cycle. 

14. los and loH are referenced to the later occurance of CAS or WE. 

15. Access time is determined by the longer of tcAA.leAc' or leAp. 

16. tr is measured between V1H (min.) and V1L (max.). AC measurements assume tr = 5 ns. 

17. An initial 200 !.IS pause and 8 RAS-containing cycles are required when exiting an extended period of bias without 
clocks. An extended period of time without clocks is defined as one that exceeds the specified Refresh Interval. 
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MOSEL-VITELIC V53C256A 

Waveforms of Read Cycle 

V 1H -
WE V1L -

D VOH-
OUT V OL -

1---------------IRC(2)----------+I 

1+----------1 RAS(I) -----------+i 

101604 

Waveforms of Early Write Cycle 

V1H -
V1L -

D VOH -
OUT VOL -

t4---------------- IRC(2)-----------

1+----------1 RAS (1) ---------+1 

1-------- t DHR (32) ------<~ 

-----------HIGH-Z--------------------
101606 
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MOSEL-vrrELIC V53C256A 

Waveforms of Read-Modify-Write Cycle 

~---------------------------tRWC(~)------------------~ 

----,lI4-----------------tRRW (34) ----------------t Ir-"----"""" 

tCRP(19) 

VIH -
CAS VIL -

VIH -
WE VIL -

t RWL(41) I------"'~ 

DOUT ~~= ---------- HIGH-Z-----~ VALID DATA ~ ______________ _J 

101606 

Waveforms of CAS-before-RAS Refresh Cycle 

RAS 

VIH -
CAS V IL -

DOUT ~~= 

_--------tRC (2) ------------------

~-----t RAS (1) --------"'1 
r-~------~ ~------~ 

tRP(3) 

t CP (23) ---+I 14------ t CHR (45) 

tCSR (44) 

/)-------HIGH-Z--------------------
101607 
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Waveforms of RAS-Only Refresh Cycle 

DOUT vV OH -
OL -

f4--------------- I RC(2) ---------~ 

f4--------- I RAS(I)---------t 

----~ ~--------~ 

I RP(3) 
~--~ IRAH(S) 

---------- HIGH-Z-----~-------------
101608 

Waveforms of Hidden Refresh Cycle (Read) 

V1H -
RAS V1L -

-----,j ~--- I RAS (1) ---~ Ir---""" i""'~--- I RAS(I) ---~ 

I RCD (10) ---r------l 
IRSH (R)(IS) 

ICRP(19) 
V1H _ ..;....;~H+-----~ 

CAS V 1L -

I CAA(12) 1-----1 

14---IRAC(l1) -----l 

----- HIGH-Z------(J 

I RP(3) 

14---- I CHR (45) ----I 

IOFF (20) 

VAUDDATA DOUT V OH -
VOL -

~ ________________________ -J 

101609 
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MOSEL-VITELIC V53C256A 

Waveforms of Hidden Refresh Cycle (Write) 

--"""'\J _--- t RAS (1) ----~ ,r---"" ""'t----- t RAS(l) ---~ 

CAS 

V1H -
V1L -

t RCD (10) --+1"----1 
t RSH (W)(26) 

1--~-tDHR(32)---.,j 

------------- HIGH-Z ----------------
101610 
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MOSEL-VITELIC V53C256A 

Waveforms of Fast Page. Mode Read Cycle 

t+-------------I RAS (1) -----I.\---------.t 
IRP(3) 

CAS 

V1H -
WE V1L -

• Valid Data 

It---.I 

101611 
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Waveforms of Fast Page Mode Write Cycle 

14"""------------1 RAS (1) -----\\---------+1 14'-"-""+t 
V1H -

RAS V1L -

CAS 

V1H -
WE V 1L -

101612 
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Waveforms of Fast Page Mode Read-Modify-Write Cycle 

~------------tRAS(l) -----l.~------t 

CAS 

I-oo-------tt RAe (11) 

DOUT VOH - -- HIGH-Z VOl - VALID DATA OUT VALID DATA OUT 

101613 
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Waveforms of Refresh Counter Test Cycle 

V1H -
CAS V1L -

DOUT VV OH-
OL-

WE V1H -
V 1L -

V1H -
WE V1L -

-----,U+----1RAS(1) ----_o---IRSH(W)(26) --_ 

READ CYCLE 

1+---1 CHR(43) 

ICSR(44) 

WRITE CYCLE 

VALID DIU"A 

1+----1 1 RCS (16) 

...,...--....;...------HIGH-Z----++--------------

IWCS (28) 1+----11+----1 t WCH (29) 

101614 
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FuncffonalDescripffon 

The V53C256A is a CMOS dynamic RAM 
optimized for high data bandwidth, low power 
applications. It is functionally similar to a traditional 
dynamic RAM. The V53C256A reads and writes 
data by multiplexing an 18-bit address into a 9-bit row 
and a 9-bit column address. The row address is 
latched by the Row Address Strobe (RAS). The 
column address flows through an internal address 
buffer and is latched by the Column Address Strobe 
(CAS). Because access time is primarily dependent 
on a valid column address rather than the presice 
time that the CAS edge occurs, the delay from RAS 
to CAS has little effect on the access time. 

Memory Cycle 

A memory cycle is initiated by bringing RAS low. 
Any memory cycle, once initiated, must not be ended 
or aborted before the minimum tRA\l time has expired. 
This ensures proper device operation and data integ
rity. A new cycle must not be initiated until the 
minimum precharge time tRp/tcp has elapsed. 

Read Cycle 

A read~cle is performed by holdingJ!!e Write 
Enable (WE) signal high during a RAS/CAS opera
tion. The column address must be held for a 
minimum time specified by tAR. Data Out becomes 
valid only when tRAC' tCAA and tCAC are all satisfied. 
As a result, the access time is dependent on the 
timing relationships between tRAC' tCAA and tCAC. For 
example, the access time is limited by tCAA when tRAC 
(min.) and tCAC (min.) are both satisfied. 

Write Cycle 

A write cycle is performed by taking WE and CAS 
low during a RAS operation. The column address is 
latched by CAS. The write can be WE controlled or 
CAS controlled depending on whether WE or CAS 
falls later. Consequently, the i!!Q!:!t data must be valid 
at or before the falling edge of WE or CAS, whichever 
occurs last. In the CAS-controlled write cycle when 
the leading edge of WE occurs prior to the CAS low 
transition, the output (DouT) pin will be in the High-Z 
state at the beginning of the Write function. Ending 
the write with RAS or CAS will maintain the output in 
the High-Z state. 

V53C256A 

Refresh Cycle 

To retain data, 256 refresh cycles are required in 
each 4 ms period. There are two ways to refresh the 
memory: 

1. By clocking each of the 512 row addresses (Ao 
through A7) with RAS at least once ev~ ms. 
Any Read, Write, Read-Modify-Write or RA5-only 
cycle refreshes the addressed row. 

2. Using a CA5-before-RAS Refresh Cycle. If CAS 
makes a transition from low to high to low after the 
previous cycle and before RAS falls, CAS-before
RAS refresh is activated. The V53C256A will use 
the output of an internal 8-bit counter as the 
source of row addresses and ignore external 
address inputs. 

CA5-before-RAS is a "refresh-only" mode and no 
data access or device selection is allowed. Thus, 
DOUT will remain in the High-Z state during the cycle. 

A CA5-before-RAS counter test mode is provided 
to ensure reliable operation of the internal refresh 
counter .. The user can use the counter test mode to 
write consecutive data patterns (256 write cycles) 
and then verify the written data by applying 256 
consecutive read cycles ... In this mode, the 
V53C256A ignores external row/column addresses 
and takes the output from the internal counter in
stead. 
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Data Retention Mode 

The V53C256A offers a CMOS standby mode that 
is entered by causing the RAS clock to swing be
tween a valid VIL and an "extra high" VIH within 0.2 V 
of Voo. While the RAS clock is at the "extra high" 
level, the V53C256A power consumption is reduced 
to the low looslevel. Overall 100 consumption when 
operating in this mode can be calculated as follows: 

1= 

Refresh Cycle Time 
Refresh Interval/256 
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Fast Page Mode Operation 

Fast Page Mode operation permits all512 columns 
within a selected row of the device to be randomly 
accessed at a high data rate. Maintaining RAS low 
while performing successive CAS cycles retains the 
row address intemally and eliminates the need to 
reapply it for each cycle. The column address buffer 
acts as a transparent or flow-through latch while CAS 
is high. 

Thus, access begins at the occurance of a valid 
column address rather than at the· falling edge of 
CAS, 'eliminating tAscand lr from the critical timing 
path. CAS latches the address into the column 
address buffer and acts as on output enable. 

During Fast Page Mode operation, Read, Write, 
Read-Modify-Write, or Read-Write-Read cycles are 
possible at random addresses within a row. Follow
ing the initial entry cycle into Fast Page Mode, 
access is lcAA or tCAP controlled. If the column 
address is valid prior to the rising edge of CAS, the 
access time is determined by the by the CAS rising 
edge. If the column address is valid after the rising 
edge of CAS, the access is timed froin the occur
rance of the valid address and is s~ified by tCM' In 
both cases, the falling edge of CAS latches the 
address and enables the output. 

Fast Page Mode provides a sustained data rate of 
over 19 MHz for applications that require high data 
rates like bit-mapped graphics or high-speed signal 
processing. The following equation can be used to 
calculate the data rate: 

512 
Data Rate = -----

V53C256A 

Data Output Operation 

The V53C256A Data Output pin (Dour) has a 
three-state capability and is contrOlled by CAS. 
When CAS is high(~ VIH), the output is in the High-Z 
state. Table 1 summarizes the Dour states possible 
for various memory cycles. 

Power-On 

After application of the V DO an initial pause of 200 
lIS is required followed by a minimum of 8 initializa
tion cycles (any combination of cycles containing a 
RAS clock). Eight initialization cycles are required 
after extended periods of bias without clocks (greater 
than the Refresh Interval). During Power-On, the V DO 
current requirement of the V53C256A is ~ndent 
on the input levels of RAS and CAS. If RAS is low 
during power on, the device will go into an active 
cycle and IpD will exhibit current transients. It is 
recommended that. RAS and CAS track with V DO or 
be held at a valid V1H during Power-On to avoid 
current surges. 
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Table 1. V53C256A Data Output 
Operation for Various Cycle Types 

Cycle Type DOUTState 

Read Cycles Data from Addressed 
Memory Cell 

CAS-Controlled Write High-Z 
Cycle (Early Write) 

WE-Controlled Write Active, not valid 
Cycle (Late Write) 

Read-Modify-Write Data from Addressed 
Cycles Memory Cell 

Fast Page Mode Read Data from Addressed 
Cycle Memory Cell 

Fast Page Mode Write High-Z 
Cycle (Early Write) 

Fast Page Mode Read- Data from Addressed 
Modify-Write Cycle Memory Cell 

RA8-0nly Refresh High-Z 

CA8-before-RAS Data remains as in 
Refresh Cycle previous cycle 

CA8-0nly Cycles High-Z 



MOSEL-VITELIC V53C464A FAMILY 
HIGH PERFORMANCE, LOW POWER 
64K X 4 BIT FAST PAGE MODE 
CMOS DYNAMIC RAM 

HIGH PERFORMANCE V53C464A 60/60L 

Max. RAS Access Time, (tRAC) 60 ns 

Max. Column Address Access Time. (tCAA) 30 ns 

Min. Fast Page Mode Cycle Time, (tpc) 45ns 

Min. Read-Write Cycle Time, (tRC) 115 ns 

LOW POWER V53C464AL 60L 

Max. CMOS Standby Current, (1006) 1.2 mA 

Features 

• Low power dissipation for V53C464A-1 0 
• Operating Current-65 mA max. 
• TTL Standby Current-3.5 mA max. 

• Low CMOS Standby Current 
• V53C464A-3 mA max. 
• V53C464AL-1.2 mA max. 

• Read-Modify-Write, RA5-only Refresh, CAS
before-RAS Refresh capability 

• Fast Page Mode operation for a sustained data 
rate greater than 21 MHz 

• 256 Refresh cycleS/4 ms 
• Standard packages are 18 pin Plastic DIP and 

18 pin PLCC 

Description 

The V53C464A is a high speed 65,536 x 4 bit 
CMOS dynamic random access memory. Fabri
cated with VICMOS III technology, the V53C464A 
offers a combination of size and features unattain
able with NMOS technology: Fast Page Mode for 
high data bandwidth, fast usable speed, CMOS 

Device Usage Chart 

70170L SO/SOL 10/10L 

70 ns SOns 100 ns 

35 ns 40 ns 45 ns 

50ns 55 ns 65 ns 

130 ns 145 ns 175 ns 

70L SOL 10L 

1.2 mA 1.2mA 1.2mA 

standby current and, on request extended refresh for 
very low data retention power (V53C464AL). 

All inputs and outputs are TTL compatible. Input 
and output capacitances are significantly lowered to 
allow increased system performance. Fast Page 
Mode operation allows random access of up to 256 
(x4) bits within a row with cycle times as short as 45 
ns. Because of static circuitry, the CAS clock is not 
in the critical timing path. The flow-through column 
address latches allow address pipelining while relax
ing many critical system timing requirements for fast 
usable speed. These features make the V53C464A 
ideally suited for graphics, digital signal processing 
and high performance computing systems. 

The V53C464AL -1 0 offers a maximum data reten
tion power of 10 mW when operating in CMOS 
standby mode and performing RA5-only or CAS
before-RAS refresh cycles. For selected 
V53C464AL devices with Refresh Interval longer 
than 4 ms, consult the factory. 

Operating Package Outline Access Time (ns) Power 
Temperature Temperature 

Range P J 60 70 60 100 Low Std. Mark 

O·Cto 70·C • . • • • . • • Blank 

V53C464A Rev.OO Junel990 
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V53C464A 

Description 
Plastic DIP 

PLCC 

Pkg. Pin Count 
P 18 

J 18 

18 Lead Plastic DIP 
PIN CONFIGURATION 

Top View 

OE Vss 

1/01 1/04 

1/02 CAS 
WE 1/03 

RAS As 

Ao A3 

A2 A4 

AI A5 

Voo A7 

Y 
FAMILY 

-I -;--1 -I Y--I 
DEVICE PKG. SPEED I TEMP. 

d (!RAc) PWR. L BLANK (O"C to 70'C) 

P (PLASTIC DIP) l L BLANK (NORMAL) J (PLCC) L 
L (LOW POWER) 

60 (60 ns) 
70 (70 ns) 
60 (80 ns) 
10 (lOOns) 102002 

18 Lead PLCC Package 
PIN CONFIGURATION 

Top View 

1102 
WE 

RAS 
AS 
A5 

§I~~g 

CAS 
1103 
AO 
Al 
A2. 

LOGIC SYMBOL 

AO 
AI 
A2 
A3 
A4 
A5 
As 
A7 
RAS 
CAS 
WE 
OE 

Absolute Maximum Ratings'" 

Ambient Temperature 
Under Bias ................................. -10°C to +80°C 

Storage Temperature (plastic) .... -55°C to + 125°C 
Voltage on any Pin Except V DO 

Relative to Vss ....................................... -1.0V to +7.0 V 
Voltage on VOD relative to Vss ......... -1.0V to +7.0 V 
Data Out Current ........................•................ 50 mA 
Power Dissipation ......................................... 1 .0 W 

"Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 

1/01 

1/02 

1103 

1/04 

102003 

Capacitance'" 
TA =2QoC, VDD = 5 V ±10%, Vss = 0 v 

Symbol Parameter Typ. Max. 

CIN1 Address 3 4 

CIN2 RAS, CAS, WE, OE 4 5 

COUT 110 4 6 

°Note: CapaCitance is sampled and not 100% tested 
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Unit 

pF 

pF 

pF 
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Block Diagram 
64Kx4 

E 

~ RAS CLOCK L CAS CLOCK -- WE CLOCK 
GENERATOR ____ GENERATOR ____ GENERATOR 

Voo 0--+ 

Vss 0--+ 

~ 

~ 

· · · ~ 
~ 

1 
REFRESH 
COUNTER 

{;'8 
cncn 
0:0: 
wW 
u.0 
u.O 
=>0 
lOW 
cn O 
cn W 
wO: 
0:Q. 
00 
Oz 
c(c( 

- ~ 
-

XcrX 7 

L..r\. 
" 

1 
I 
~ 

DATA I/O BUS 

" COLUMN DECODERS 

XcrX 7" 
SENSE AMPLIFIERS 

J$X4 
r---

cn 
0: 0 :i: w MEMORY 

0 0 r--,; ARRAY 
0:8 

W 
0 

----

2-21 

V53C464A 

-- OECLOCK -- LOGIC 

~ 1 - ---0 • f------4 I/O ---0 

BUFFER ---0 

--0 
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MOSEL-VITELIC V53C464A 

DC and Operating Characteristics (1-2) 

TA = ooe to 7ooe, Voo = 5 V ±10%, Vss = 0 V, unless otherwise specified. 

V53C464A V53C464AL 
Symbol Parameter Access Unit Test Conditions Notes 

Time Min. Max. Min. Max. 

III Input Leakage Current -10 10 -10 10 !lA Vss " VIN " Voo 
(any input pin) 

ILO Output Leakage Current -10 10 -10 10 !lA ~"~T"VOO 
(for High-Z State) RAS, CAS at VIH 

60 80 80 

1001 V 00 Supply Current, 70 75 75 

Operating 80 70 70 mA tRC = tRC (min.) 1,2 

100 65 65 

1002 ' Voo Supply Current, 3.5 2.0 mA RAS, CAS at VIH 
TIL Standby other inputs ~ V ss 

60 80 80 

1003 V 00 Supply Current, 70 75 75 

RAS-Only Refresh 80 65 65 mA tRC = tRC (min.) 2 

100 55 55 

60 50 50 

1004 V 00 Supply Current, 70 45 45 

Fast Page Mode 80 40 40 mA Minimum Cycle 1,2 

Operation 100 35 35 

1005 Voo Supply Current, 4 2.5 mA RAS=VIH,CAS=VIL 1 

Standby, Output Enabled other inputs ~ V SS 

1006 Voo Supply Current, 3 1.2 mA RAS ~ Voo -0.2 V, 

CMOS Standby CAS at VIH, other 

inputs ~ Vss 

VIL Input Low Voltage -1 0.8 -1 0.8 V 3 

VIH Input High Voltage 2.4 Voo 2.4 Voo V 3 

+1 +1 

VOL Output Low Voltage 0.4 0.4 V IOL =4.2mA 

VOH Output High Voltage 2.4 2.4 V IOH =-5 mA 
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AC Characteristics 
T ~ = O°C to 70°C, VQD = 5 V ±10%, VSll = 0 V, unless otherwise noted 
AC Test conditions, Input pulse levels 0 to 3 V 

60/60L 
# JEDEC Symbol Parameter 

70170L 

Symbol Min. Max. Min. Max. 

1 tRL1RHl tRAS RAS Pulse Width 60 75K 70 75K 

2 tRL2RL2 tRC Read or Write Cycle Time 115 130 

3 tRH2RL2 tRP RAS Precharge Time 45 50 

4 tRL1CHl tCSH CAS Hold Time 60 70 

5 IeL1CHl hs CAS Pulse Width 20 20 

6 ~L1CL1 tRCD RAS to CAS Delay 20 40 25 45 

7 WH2CL2 tRCS Read Command Setup Time 0 0 

8 tAVRL2 tASR Row Address Setup Time 0 0 

9 tRL1AX tRAH Row Address Hold Time 10 15 

10 tAVCL2 tASC Column Address Setup Time 0 0 

11 hlAX leAH Column Address Hold Time 10 15 

12 hlRH1(R} tRSH(R} RAS Hold Time (Read Cycle) 20 25 

13 IeH2RL2 IeRP CAS to RAS Precharge Time 10 15 

14 IeH2WX tRCH Read Command Hold Time 5 5 

Referenced to CAS 

15 tRH2WX tRRH Read Command Hold Time 5 5 

Referenced to RAS 

16 ioEL1RH2 tROH RAS Hold Time 15 15 

Referenced to OE 

17 ~L10V ioAC Access Time from OE 15 15 

18 IeL10V hc Access Time from CAS 20 20 

19 tRL10V tRAC Access Time from RAS 60 70 

20 tAVOV hA Access Time from Column 30 35 

Address 
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V53C464A 

80/SOL 10110L 
Unit Notes 

Min. Max. Min. Max. 

80 75K 100 75K ns 

145 175 ns 

55 65 ns 

80 100 ns • 20 25 ns 

25 50 25 65 ns 4 

0 0 ns 

0 0 ns 

15 15 ns 

0 0 ns 

15 20 ns 

30 35 ns 

15 15 ns 

5 5 ns 5 

5 5 ns 5 

20 25 ns 

20 25 ns 

20 25 ns 6,7 

80 100 ns 6,8,9 

40 45 ns 6,7,10 
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AC Characteristics (Cont'd.) 

60/60L 70nOL SO/SOL 10110L 
# JEDEC Symbol Parameter Unit Notes 

Symbol Min. Max. Min. Max. Min. Max. Min. Max. 

21 'cL1QX tLZ OE or CAS to'low-Z Output 0 0 0 0 ns 17 

22 'cH20Z tHZ OE or CAS to High-Z Output 0 10 0 15 0 20 0 25 ns 17 

23 tRL1AX tAR Column Address Hold Time 50 55 60 70 ns 
fromRAS 

24 tRL1AV tRAO RAS to Column Address 15 30 20 35 20 40 20 55 ns 11 
Delay Time 

25 'cL1RH1(W) tRSH(W) RAS or CAS Hold Time 
in Write Cycle 

20 25 30 35 ns 

26 WL1CHl 'cwL Write Command to CAS 20 25 30 35 ns 
lead Time 

27 WL1CL2 WCS Write Command Setup Time 0 0 0 0 ns 12,13 

28 'cL1WHl WCH Write Command Hold Time 10 15 15 20 ns 

29 WL1WHl WP Write Pulse Width 10 15 15 20 ns 

30 tRL1WHl WCR Write Command Hold Time 50 55 60 70 ns 
fromRAS 

31 WL1RHl tRWL Write Command to RAS 20 25 30 35 ns 
lead Time 

32 IoVWL2 tos Data In Setup Time 0 0 0 0 ns 14 

33 WLl0X tOH Data In Hold Time 10 15 15 20 ns 14 

34 WL1GL2 WOH Write to OE Hold Time 10 20· 20 25 ns 

35 \3H20X icED OE to Data Delay Time 15 20 25 30 ns 

36 tRL2RL2 tRWC Read-Modify-Write 170 185 210 250 ns 
(RMW) Cycle Time 

37 tRL1RHl tRRW Read-Modify-Write Cycle 105 125 145 175 ns 
(RMW) RAS Pulse Width 

38 'cL1WL2 'cwo CAS to WE Delay 40 50 60 70 ns 12 
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AC Characteristics (Cont'd.) 

60/SOL 70nOL SO/SOL 10110L 
# JEDEC Symbol Parameter Unit Notes 

Symbol Min. Max. Min. Max. Min. Max. Min. Max. 

39 tRUWL2 tRWO RAS to WE Delay in 80 95 110 135 ns 12 
Read-Modify-Write Cycle 

40 IeUCH1 IeRW CAS Pulse Width (RMW) 65 80 95 110 ns 

41 tAVWL2 tAWO Col. Address to WE Delay 50 60 70 80 ns 12 

42 IeL2CL2 tpc Fast Page Mode 45 50 55 65 ns 
Read or Write Cycle Time 

43 IeH2CL2 tcp CAS Precharge Time 10 10 10 10 ns 

44 tAVRH1 leAR Column Address to RAS 30 35 40 45 ns 
Setup Time 

45 tCH2QV leAp Access Time from 40 45 50 55 ns 6,7 
Column Precharge 

46 tRL10X tOHR Data in Hold Time 50 55 60 70 ns 
Referenced to RAS 

47 tCL1RL2 tCSR CAS Setup Time 10 10 10 10 ns 
CAS-before-RAS Refresh 

48 tRH2CL2 tRPC RAS to CAS Precharge Time 0 0 0 0 ns 

49 tRL1CH1 IeHR CAS Hold Time 15 20 25 30 ns 
CAS-before-RAS Refresh 

50 tCL2CL2 tPCM Fast Page Mode 85 105 120 140 ns 
(RMW) Read-Modify-Write Cycle Time 

~ ~ Transition Time 3 50 3 50 3 50 3 50 ns 15 
(Rise and Fall) 

tRI Refresh Interval 4 4 4 4 ms 16 
(256 Cycles) 
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Notes: 

1. 100 is dependent on output loading when the device output is selected. Specified 100 (max.) is measured with the 

output open. 

2. 100 is dependent upon the number of address transitions. Specified 100 (max.) is measured with a maximum of two 

transitions per address cycle in Fast Page Mode. 

3. Specified V1L (min.) is steady state operating. During transitions, V1L (min.) may undershoot to -1.0 V for a period not 

to exceed 20 ns. All AC parameters are measured with V1L (min.) ~ Vss and V1H (max.) ~ VDO• 

4. tRCD (max.) is specified for reference only. Operation within tRCD (max.) limits insures thattRAc (max.) and tcAA (max.) 

can be met. If tRCO is greater than the specified ~co (max.), the access time is controlled by ~ and ~c. 

5. Either tRRH or tRCH must be satisfied for a Read Cycle to occur. 

6. Measured with a load equivalent to two TTL inputs and 100 pF. 

7. Access time is determined by the longest of~, ~c and tcAp. 

8. Assumes thattRAo ~ ~AO (max.). IftRAD is greater than tRAD (max.), tRAC will increase by the amountthattRAD exceeds 

tRAD (max.). 

9. Assumes thattRcD ~~co (max.). IftRCD is greater than ~CD (max.), tRAC will increase by the amountthat~co exceeds 

~CD(max.). 

10. Assumes that tRAD ~ tRAO (max.). 

11. Operation within the ~AD (max.) limit insures thattRAc (max.) can be met. tRAD (max.) is specified as a reference point 

only. If tRAD is greater than the specified ~AD (max.) limit, the access time is controlled by ~ and ~c. 

12. fwcs' tRWD' tAWD and tcwo are not restrictive operating parameters. 

13. fwcs (min.) must be satisfied in an Early Write Cycle. 

14. tas and taH are referenced to the latter occurrence of CAS or WE. 

15 .. 1r is measured between V1H (min.) and V1L (max.). AC-measurements assume 1r = 5 ns. 

16. An initial 200 J.IS pause and 8 RAS-containing cycles are required when exiting an extended period of bias without 

clocks. An extended period of time without clocks is defined as one that exceeds the specified Refresh Interval. 

17. Assumes a three-state test load of 5 pF and a 380 Ohm Thevenin equivalent. 
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Waveforms of Read Cycle 

1+-------------tRC(2)---------~ 
1+----------tRAS (1)--------t 

V53C464A 

RAS 
------:iI4-----tAR(23)---~ I.}------,l:-----

\+------tcsH (4)--+----~ 
-!+--+I 

ADDRESS 

WE 

I/O VOH -
VOL------------------------+--~---Q 

Waveforms of Early Write Cycle 

ADDRESS 

WE 

VIH -

VIL -

V1H -

VIL -

1+-------------tRC (2)---------+I 
1+--------tRAS(1)-------~ 

------:i\+----tAR (23)----~ J,.....----:i 

102004 

I/O V IH - ___________ .(1 VALID DATA-IN 

VIL -
~------HIGH-Z--------

102006 
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Waveforms of DE Controlled Write Cycle 
i+------------tRC(2)---------i 
1+--------tRAS(1)-------~ 

VIH - tAA(23) .r----i. 
RAS 

VIL -

VIH -
CAS 

VIL -

ADDRESS 

VIH -
WE 

VIL -

OE 
V 1H -

VIL -

110 
V 1H -

VIL -

Waveforms of Read-Modify-Write Cycle 

VIH _ 
RAS 

VIL -

VIH -
cAS 

VIL -

V1H -
ADDRESS 

VIL -

WE 
V 1H -

VIL -

Oe 
V 1H -

VIL -

110 
VIH 

VIL 

i+-------------tRWC(36)----------+i 
1+---------tRRW(37)----------+I 14---+\

------:L i<1f----tAA (23) 

i+-------t CSH(4) ------~-----t 
-+I<If------tRSH (W)(25)-------+I 

.r---H---.......,~ i+-----'"--tCRW(40)-------t rt-±--, 

tRAD(24) 
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Waveforms of Fast Page Mode Read Cycle 

i+--------------'IRAS(l)----------.-j 

RAS 

CAS 

ADDRESS 
V IH -

VIL -

VIH-
WE 

VIL -

V IH -
DE 

VIL -

110 

Waveforms of Fast P~ge Mode Write Cycle 

ADDRESS 

WE 

V IH
DE 

V IL-

i+--------I--------1RAS(1)------------I 

IOHR (46) ..,.I-----:---:--~ 
100(32 
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Waveforms of Fast Page Mode Read-Write Cycle 

RAS 

ADDRESS 

WE 

OE 

VIH -

VIL -

VIH-

VIL -

VIH -

VIL -

I/O v IHIV OH -

VILNOL -

Waveforms of RAS-Only Refresh Cycle 

ADDRESS 

VIH

VIL -

VIH

VIL -

14----------iRC(2)-----------t 

------~LI'lf--------iRAS(l)-------.-tj:__---1. 

NOTE: WE, OE = Don' care 
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Waveforms of CAS-before-RA5 Refresh Cycle 

i+------tRC(2)-----------------i 

tRP(3)--~ 

VIH -

VIL -

14-----tRAS(1)------~ 

J------~ ~-----_.! 
RAS 

CAS 

110 

V 1H -

VIL -

VQH_ 

VOL-

NOTE: WE, OE, AQ, A7 = Don't care 

1+-----tCHR (49)-------+1 

tCSR (47) 

Waveforms of Hidden Refresh Cycle (Read) 

RAS 
VIH-

VIL -

VIH-
CAS 

VIL -

V 1H -

VIL -

WE 
V 1H -

VIL -

V 1H -
OE 

VIL -

VOH-
1/0 VALID DATA· OUT 

VOL-
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Waveforms of Hidden Refresh Cycle (Write) 

RAS 
VIH-

VIL-

CAS 
VIH-

VIL -

ADDRESS 
V 1H -

VIL -

WE 
V1H -

VIL -

V 1H -
DE 

VIL -

V 1H -
I/O 

VIL -
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Waveforms of CAS-before-RAS Refresh Counter Test Cycle 

RAS 
VIH -

VIL -

CAS 
V IH -

VIL -

ADDRESS 
V IH -

VIL -

WE 
V IH -

VIL -

DE V IH -

VIL -

I/O 
VOH -

VOL-

WE 
V IH -

VIL -

DE V IH -

VIL -

1/0 
V IH -

DIN 
VIL - 1020 15 
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FuncnonalDescripnon 

The V53C464Ais a CMOS dynamic RAM 
optimized for high data bandwidth, low power 
applications. It is functionally similar to a traditional 
dynamic RAM. The V53C464A reads and writes 
data by multiplexing a 16-bit address into an 8-bit row 
and an 8-bit column address. The row address is 
latched by the Row Address Strobe (RAS). The 
column address ''flows through" an internal address 
buffer and is latched by the Column Address Strobe 
(CAS). Because access time is primarily dependent 
on a valid column address rather than the precise 
time that the CAS edge occurs, the delay time from 
RASto CAS has little effect on the access time. 

Memory Cycle 

A memory cycle is initiated by bringing RAS low. 
Any memory cycle, once initiated, must not be ended 
or aborted before the minimum tRAS time has expired. 
This insures proper device operation and data 
integrity. A new cycle must not be initiated until the 
minimum precharge time tRpitcp has elapsed. 

Read Cycle 

A Read ~Ie is performed by holdin~ Write 
Enable (WE) signal high during a RAS/CAS 
operation. The column address must beheld for a 
minimum specified by tAR. Data Out becomes valid 
only when tOAC' tRAC' tCAA and tCAC are all satisfied. 
As a result, the access time is dependent on the 
timing relationships between these parameters. For 
example, the access time is limited by tCAA when 
tRAC' tCAC and tOAC are all satisfied. 

Write Cycle 

A Write Cycle is performed by taking WE and CAS 
low during a RAS operation. The column address is 
latched by CAS. The Write Cycle can be 
WE-controlled or CAS-controlled, depending on 
whether WE or CAS falls later. Consequently, the 
input data must be valid at or before the falling edge 
of WE or CAS, whichever occurs last. In the 
CAS-controlled Write Cycle when the leading edge 
of WE occurs prior to the CAS low transition, the I/O 
data pins will be in the High-Z state at the beginning 
of the Write function. Ending the Write with RAS or 
CAS will maintain the output in the High-Z state. 

V53C464A 

In the WE-controlled Write Cycle, OE must be in 
the high state, and toED must be satisfied. 

Refresh Cycle 

To retain data, 256 Refresh Cycles are required in 
each 4 ms period. There are two ways to refresh the 
memory: 

1. By selecting each of the 256 row addresses 
determined by Aa through A7 at least once every 
4 ms. Any Read, Write, Read-Modify-Write or 
RAS-only cycle refreshes the addressed row. 

2. Using a CAS-before-RAS Refresh Cycle. If CAS 
is low during the falling edge of RAS, CA5-before
RAS refresh is activated. The V53C464A will use 
the output of an internal 8-bit counter as the 
source of row addresses and ignore eXternal 
address inputs. 

CA5-before-RAS is a "refresh-only" mode and no 
data access or device selection is allowed. Thus, the 
output will remain in the High-Z state during the 
cycle. A CAS-before-RAS counter test mode is 
provided to ensure reliable operation of the intemal 
refresh counter. 

.Data Retention Mode 

The V53C464A offers a CMOS standby mode that 
is entered by causing the RAS clock to swing 
between a valid V1L and an "extra high" V1H within 0.2 
V of V DO. While the RAS clock is at the "extra high" 
level, the V53C464A power consumption is reduced 
to the low looslevel. Overall 100 consumption when 
operating in this mode can be calculated as follows: 

(tRC) x (1001) + (tRX-tRC) x (Ioos) 1= __________ _ 

Where tRC = Refresh Cycle Time 
'tRX = Refresh Interval/256 
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Fast Page Mode Operation 

Fast Page Mode operation permits all 256 columns 
within a selected row of the device to be randomly 
accessed at a high data rate. Maintaining RAS low 
while performing succesive CAS cycles retains the 
row address internally and eliminates the need to 
reapply it for each cycle. The column address buffer 
acts as a transparent or flow-through latch while CAS 
is high. Thus, access begins from the occurence of 
a valid column address rather than from the falling 
edge of CAS, eliminating tASC and 1r from the critical 
timing path. CAS latches the address into the 
column address buffer and acts as an output enable. 
During Fast Page Mode operation, Read, Write, 
Read-Modify-Write or Read-Write-Read cycles are 
possible at random addresses within a row. 
Following the initial entry cycle into Fast Page 
Mode, access is tCAA ortcAP controlled. If the column 
address is valid prior to the rising edge of CAS, the 
access time is referenced to the CAS rising edgeand 
is specified by.!cAe: If the column address is valid 
after the rising CAS edge, access is timed from the 
occurrence of a valid address and is specified by 
tCAA' In both cases, the falling edge of CAS latches 
the address and enables the output. 

Fast Page Mode provides a sustained data rate of 
over 19 MHz for applications that require high data 
rates such as bit-mapped graphics or high-speed 
signal processing. The following equation can be 
used to calculate the maximum data rate: 

256 
Data Rate = -----

Data Output Operation 

The V53C46~A Input/Output is controlled by OE, 
CAS, WE and RAS. A RAS low transition enables 
the transfer of data to and from the selected row 
address in the Memory Array. A RAS high transition 
disables data transfer and latches the output data if 
the output is enabled. After a memory~le is 
initiated with a RAS low transition, a CAS low 
transition or CAS low level enables the internal 110 
path. A CAS high transition or a CAS high level 
disables the I/O path and the output driver if it is 
enabled. A CAS low transition while RAS is high has 
no effect on the I/O data path or on the output drivers. 
The output drivers, when otherwise enabled, can be 
disabled by holding OE high. The OE signal has no 
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effect on any data stored in the output latches. A WE 
low level can also disable the output drivers when 
CAS is low. During a Write cycle, if WE goes low at 
a time in relationship to CAS that would normally 
cause the outputs to be active, it is necessary.!Q use 
OE to disable the output drivers prior to the WE low 
transition to allow Data In Setup Time (tDS) to be 
satisfied. 

Power-On 

After application of the V DO supply, an initial pause 
of 200 IJ.S is required, followed by a minimum of 8 
initialization cycles (any combination of cycles 
containing a RAS clock). Eight initialization cycles 
are required after extended periods of bias without 
clocks (greater than the Refresh Interval). 

During Power-On, the V DO current requirement of 
the V53C464A is dependent on the input levels of 
RAS and CAS. If RAS is low during Power-On, the 
device will go into an active cycle, and 100 will exhibit 
current transients. It is recommended that RAS and 
CAS track with V DO or be held at a valid V1H during 
Power-On to avoid current surges. 

Table 1. V53C464A Data Output 
Operation for Various Cycle Types 

Cycle Type 110 State 

Read Cycles Data from Addressed 
Memory Cell 

CAS-Controlled Write High-Z 
Cycle (Early Write) 

WE-Controlled Write OE Controlled. High 
Cycle (Late Write) OE = High-Z II0s 

Read-Modify-Write Data from Addressed 
Cycles Memory Cell 

Fast Page Mode Read Data from Addressed 
Cycle Memory Cell 

Fast Page Mode Write High-Z 
Cycle (Early Write) 

Fast Page Mode Read- Data from Addressed 
Modify-Write Cycle Memory Cell 

RAS-only Refresh High-Z 

CA8-before-RAS Data remains as in 
Refresh Cycle previous cycle 

CAS-only Cycles High-Z 



MOSEL;;.vrrELIC V53C100F FAMILY PRELIMINARY 
HIGH PERFORMANCE, LOW POWER 
1M X 1 BIT FAST PAGE MODE 
CMOS DYNAMIC RAM 

HIGH PERFORMANCE V53C100F 

Max. RAS Access Time, (tRAC) 

Max. Column Address Access Time, ('cAA) 

Max. CAS Access Time, ('cAC) 

Min. Fast Page Mode Cycle Time, (tpc) 

Min. Read-Write Cycle Time, (tRC) 

.. 

LOW POWER V53C100FL 

Max. CMOS Standby Current, (Ioos) 

Features 
• 1 M X 1-bit organization 
• Low power dissipation for V53C1 OOF-80 

• Operating Current - 70 rnA max. 
• TTL Standby Current - 2.0 rnA max. 

• Low CMOS Standby Current 
• V53C1 OOF - 1.0 rnA max. 
• V53C1 OOFL - 0.2 rnA max. 

• Read-Modify-Write, RA8-0nly Refresh, CAS
before-RAS. Refresh capability 

• Common 1/0 capability 
• Refresh Interval . 

• V53C100F -512 cycleS/8ms 
• V53C1 OOFL - 512 cycleS/64ms 

6OI60L 

60ns 

30ns 

15ns 

40ns 

120ns 

60L 

200pA 

• Fast Page Mode operation for a sustained data 
rate greater than 25 MHz 

• Standard packages are 18 pin Plastic DIP and 
26120 pin SOJ 

• Low Battery Back-up Current 
• V53C1 OOFL - 300 Jl.A max. 
• 200 Jl.A max. available on request 

Device Usage Chart 

70170L SO/SOL 

70 ns 80 ns 

35 ns 40 ns 

20 ns 20 ns 

45 ns 50 ns 

130 ns 150ns 

70L SOL 

200pA 200pA 

Description 

The V53C1 OOF is a high speed 1,048,576 x 1 bit 
CMOS dynamic random access memory. The 
V53C100F offers a combination. of features: Fast 
Page Mode for high data bandwidth, fast usable 
speed, CMOS standby current and, on request, 
extended refresh for very low data retention power. 

All inputs and outputs are TTL compatible. Input 
and output capacitances are significantly lowered to 
allow increased system performance. Fast Page 
Mode operation allows random or sequential access 
of up to 1024 bits within a row with cycle times as 
short as 40 ns. Because of static circuitry, the CAS 
clock is not in the critical timing path. The flow
through column address latches allow address 
pipelining while relaxing many critical timing 
requirements for fast usable speed. These features 
make the V53C1 OOF ideally suited for cache based 
mainframe and mini computers, graphics, digital 
signal processing and high performance 
microprocessor systems. 

The V53C1 OOFL offers a maximum data retention 
power of 1.65 mW when operating in CMOS standby 
mode and performing CAS-before-RAS refresh 
cycles. 

Operating Package Outlln.e Access TIme (ns) Power 
Temperature Temperature 

Range P K 60 70 80 Low Std. Mark 

O·Ctc 70·C • • • • • • • Blank 

V53C100F Rev. 01 January 1993 
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V 5 3 C 

Description Pkg. Pin Count 

Plastic DIP P 18 
SOJ K 26120 

18 Lead Plastic DIP 
PIN CONFIGURATION 

Top View 

DIN Vss 

WE Dour 
RAS CAS 

NC A9 

Ao As 

A, A7 

A2 As 
A3 A5 

voo A4 

LOGIC SYMBOL 

AO 
A, 
A2 
A3 
A4 
A5 DIN 
As 
A7 Dour 
As 
Ag 
RAS 
CAS 
WE 

Absolute Maximum Ratings" 

Ambient Temperature 

Y 
FAMILY 

Under Bias ................................. -1 O·C to +80·C 
Storage Temperature (plastic) .... -55°C to + 125°C 
Voltage Relative to Vss ....................... -1.0 V to +7.0 V 
Voltage on V DO relative to V ss ........ -1.0 V to +7.0 V 
Data Out Current ......................................... 50 mA 
Power Dissipation ......................................... 1.0 W 

"Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 

V53C100F 

o 0 F 

DEVICE PKG SPEED TEMP. 

-I -1--1 -I Y-I -I 
d (tRAcl PWR. L BLANK (0·Cto70"C) 

P (PLASTIC DIP) l L BLANK (NORMAL) 
K (SOJ) L L (LOW POWER) 

60 (60 ns) 
70 (70 ns) 
60 (80 ns) 
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26120 Lead SOJ Package 
PIN CONFIGURATION 

Top View 

DIN Vss 
WE Dour 

RAS CAS 
NC NC 

NC Ag 

Ao As 
A, A7 
A2 As 
A3 A5 

voo A4 

Pin Names 

A -A, Address Inouts 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE Write Enable 

D,,, Data Input 

D Data Output 

Vnn +5V Supply 

V~~ OVSupply 

NC No Connect 

Capacitance" 
T A = 25°C, V DO = 5 V ±1 0%, V ss = 0 v 

Symbol Parameter Typ. Max. 

CIN1 Address - 6 

CIN2 RAS,CAS,WE - 7 

COUT 110 - 7 

"Note: Capacitance is sampled and not 100% tested 

Unit 

pF 

pF 

pF 
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Block Diagram 

111h1 

WE~-------------------------. 

CAS·I-;:::===~I 
RAS 

VDDo--+ 

vss 0--+ 

RASCLOCK 
GENERATOR 

CAS CLOCK 
GENERATOR 

Xg,Yg 

/----------. SENSE AMPLIFIERS 

512 
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DC and Operating Characteristics 
T A = O·C to 70·C, V DO = 5 V ±10%, V ss = a V, unless otherwise specified. 

V53C100F V53C100FL 
Symbol Parameter Access Unit Test Conditions Notes 

Time Min. Max. Min. Max. 

III I nput Leakage Current -10 10 -10 10 I1A VSS"VIN"VOO 
(any input pin) 

ILO Output Leakage Current -10 10 -10 10 vA ~~UT"VOO 
(for High-Z State) RAS,CAS at V1H 

1001 VOO Supply Current, 60 90 90 
Operating 70 80 80 rnA IRe = IRe (min.) 1,2 

80 70 70 

1002 V DO Supply Current, 2.0 2.0 rnA RAS,CAS at V1H 
TIL Standby other inputs <! V SS 

1003 ~ Supply Current, 60 90 90 
RA5-0nly Refresh 70 80 80 rnA tRe = tRe (min.) 2 

80 70 70 

10D4 V DO Supply Current, 60 80 80 
Fast Page Mode 70 70 70 mA Minimum Cycle 1,2 

Operation 80 60 60 

1005 V DO Supply Current, 3.0 2.0 mA RAS=V1H,CAS=V1L 1 

Standby, Output Enabled other inputs <! V SS 

1006 V DO Supply Current, 1.0 0.2 mA RAS<!Voo -o.2V, 
CMOS Stanci>y CAS~Voo-o·2V, 

other inputs ~ V ss 

V1L Input Low Voltage -1 0.8 -1 0.8 V 3 
(all inputs) 

V1H Input High Voltage 2.4 VOO 2.4 VOO V 3 
(all inputs) +1 +1 

VOL Output Low Voltage 0.4 0.4 V IOL = 4.2 mA 

VOH Output High Voltage 2.4 2.4 V IOH =-5mA 
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AC Characteristics 
T A = O"C to 70"C, V DO = 5 V ±10%, v ss = 0 V, unless otherwise noted 

601L 701L 8O/L 
II JEDEC Symbol Parameter Unit Notes 

Symbol Min. Max. Mln~ Max. Min. Max. 

1 ~L1RH1 tRAS RAS Pulse Width 60 75K 70 75K 80 75K lIS 

2 tRL2RL tRC Read or Write Cycle Time 120 130 150 lIS 

3 tRH2RL2 ~P RAS Precharge Time 50 50 60 ns 

4 tAVRL2 tASR Row Address Setup Time 0 0 0 lIS 

5 ~L1AX ~AH Row Address Hold Time 10 10 10 lIS 

6 tAVRH1 leAR Column Address to RAS 30 35 40 lIS 

Setup Time 

7 ~L1AV tRAD RAS to Column Address 15 30 15 35 15 40 ns 4 
Delay Time 

8 tAVCL2 tASC Column Address Setup Time 0 0 0 lIS 

9 1cL1AX leAH Column Address Hold Time 15 15 15 lIS 

10 tRL1CL1 tRCD RAS to CAS Delay 20 45 20 50 20 60 lIS 5 

11 ~L1QV tRAC Access Time from RAS 60 70 80 ns 6,7,8 

12 tAVav leAA Access Time from Column 30 35 40 ns 8,9, 
Address 15 

13 1cL1QV leAc Access Time from CAS 15 20 20 ns 8,15 

14 'cL1CH1(R) leAS(R) CAS Pulse Width in 15 
Read Cycle 

75K 20 75K 20 75K lIS 

15 'cl1RH1(R) tRSH(R) RAS Hold Time (Read Cycle) 15 20 20 ns 

16 WH2CL2 tRCS Read Command Setup Time 0 0 0 ns 

17 'cH2WX ~CH Read.Command Hold Time 0 0 0 lIS 10 
Referenced to CAS 

18 tRH2WX tRRH Read Command Hold Time 0 0 0 ns 10 
Referenced to RAS 

19 'cH2Rl2 'cRP CAS to RAS Precharge Time 5 5 5 lIS 

20 'cH2QX loFF Output Buffer 0 20 0 20 0 20 ns 11 
Tum Off Delay 
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AC Characteristics (Cont'd.) 

601L 70/L SOIL 
# JEDEC Symbol Parameter Unit Notes 

Symbol Min. Max. Min. Max. Min. Max. 

21 leH2QV tOH Data Hold Time from CAS 0 0 0 ns 11 

22 iwL1WH1 iwp Write Pulse Width 10 15 15 ns 

23 leH2CL2 lep CAS Precharge Time 10 10 10 ns 

24 tAUAX tAA Column Address Hold Time 50 55 60 ns 
from RAS 

25 leL1CH1(W) leAS(W) CAS Pulse Width in 15 20 20 ns 
Write Cycle 

26 leL1AH1(W) tASH(W) RAS or CAS Hold Time 15 20 20 ns 
in Write Cycle 

27 tAL1WH1 iwCR Write Command Hold Time 50 55 60 ns 
fromRAS 

28 WL1CL2 WCS Write Command Setup Time 0 0 0 ns 12.13 

29 leL1WH1 WCH Write Command Hold Time 10 15 15 ns 

30 tOVWL2 tos Data In Setup Time 0 0 0 ns 14 

31 WH1DX tOH Data In Hold Time 15 15 15 ns 14 

32 tRL10X tOHR Data In Hold Time 50 55 60 ns 
Referenced to RAS 

33 tRL2RL2 tAWC Read-Modify-Write 140 155 175 ns 
(RMW) Cycle Time 

34 tRL1AH1 tAAW Read-Modify-Write Cycle 80 95 105 ns 
(RMW) RAS Pulse Width 

35 tRL1WL2 tAWO RAS to WE Delay Time 60 70 80 ns 12 
Read-Modify-Write Cycle 

36 tCL1WL2 leW~ CAS to WE Delay 15 20 20 ns 12 

37 IAVWL2 tAWO Column Address to 30 35 40 ns 12 
WE Delay 

38 tCH2QV leAp Access Time from 35 40 45 ns 15 
Column Precharge 

39 leL2CL2(A) tpc Fast Page Mode Read or 40 45 50 ns 
Write Cycle Time 
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MOSEL-VITELIC V53C100F 

AC Characteristics (Cont'd.) 

60IL 70/L SOIL 
# JEDEC Symbol Parameter Unit Notes 

Symbol Min. Max. Min. Max. Min. Max. 

40 IcL2CL2 tPCM Fast Page Mode Read- 60 70 75 ns 
(RMW) Modify-Write Cycle Time 

41 WL1RHl tRWL Write Command to RAS 15 20 20 ns 
Lead Time 

42 WL1CHl IcwL WrHe Command to CAS 15 20 20 ns 
Lead TIme 

43 tRH2CL2 tRPC RAS to CAS Precharge Time 10 -10 10 ns 

44 tCL1RL2 IcsR CAS SebJp Time 
CA5-before-RAS Refresh 

10 10 10 ns 

45 tRL1CHl IcHR CAS Hold Time 30 30 30 ns 
CA5-before-RAS Cycle 

46 tRL1CHl IcsH CAS Hold Time 60 70 80 ns 

47 I.r I.r Transition Time 3 50 3 50 3 50 ns 16 
(Rise and Fall) 

tREF Refresh Interval 8 8 8_ ms 17 
(512 Cycles) 

tREF Refresh Interval 64 64 64 ms 18 
V53C1 OOFL only 
(512 Cycles. tRC = 125 JIS) 
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Notes: 

1. IDD is dependent on output loading when the device output is selected. Specified IDD (max.) is measured with the 
output open. 

2. IDD is dependent upon the number of address transitions. Specified IDD (max.) is measured with a maximum of two 

transitions per address cycle in First Page Mode. 

3. Specified V1L (min.) is steady state operation. During transitions, V1L (min.) may undershoot to -1.0 V for periods not 

to exceed 20 ns. All AC parameters are measured with V1L (min.) ~ V ss and V1H (max.) $ V DO. 

4. Operation within the ~AD (max.) limit ensures that tRAC (max.) can be met. tRAD (max.) is specified as a reference 

point only. If tRAD is greater than the specified ~AD (max.) limit, the access time is controlled by ~ and ~c. 

5. tRCD (max.) is specified for reference only. Operation within tRCD (max.) and ~AD (max.) limits ensure that tRAC (max.) 

and 10M (max.) can be met. If tRCD is greater than the specified tRCO (max.), the access time is controlled by IcAA and 

IeAC· 

6. Assumes that~AD stRAO (max.). IftRAD is greater than ~AD (max.), ~AC will increase by the amountthattRAD exceeds 

tRAD (max.). 

7. Assumes thattRcD $~CD (max.). IftRCD is greater than tRCD (max.), ~c will increase by the amountthattRco exceeds 

~CD(max.). 

8. Measured with a load equivalent to two TTL loads and 100 pF. 

9. Assumes that tRAD ~ ~AD (max.). 

10. Either tRRH or ~CH must be satisfied for a Read Cycle to occur. 

11. taFF and IoN define the time at which Dour reaches an open circuit condition and are not referenced to the output 
voltage levels. 

12. iwcs' iwHC' ~WD' tAWO and leWD are not restrictive operating parameters. 

13. iwcs (min.) must be satisfied in an Early Write Cycle. 

14. tos and IoH are referenced to the lateroccurance of CAS or WE. 

15. Access time is determined by the longer of tOM' IeAC' or leAp. 

16. ~ is measured between V1H (min.) and V1L (max.). AC measurements assume ~ = 5 ns. 

17. An initial 200 jJS pause and 8 RAS-containing cycles are required when exiting an extended period of bias without 

clocks. An extended period of time without clocks is defined as one that exceeds the specified Refresh Interval. 

18. This is battery backup data retention mode under CAS-before-RAS refresh cycles. 

~c = 125 jJS (125 jJS x 512 = 64 ms) 

~AS = ~AS (min.) to 1 jJS 

Input voltages: RAS and CAS V1H > V DO - 0.2 V 

VIL <0.2 V 

WE VIN> Voo-0.2V 
All other inputs at stable VIH or VIL 
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Waveforms of Read Cycle 

V1H -
RAS V1L -

CAS 
V1H -
V1L -

WE 
V1H -
V1L -

Dour ~~= 

t----------------IRC(2)----------~ 

14----------1 RAS(l) ---------

100201 

Waveforms of Early Write Cycle 

V1H -
RAS V1L -

V1H -
CAS V1L -

V1H -
WE V1L -

V1H -
V1L -

Dour VOH-VOL -

14----------------IRC(2) ----------+1 
14----------IRAS(l) ---------+1 

1+------- IOHR(32) -----

-----------HIGH-Z--------------------

100202 
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Waveforms of Read-Modify-Write Cycle 

V IH -
RAS VIL -

14---------------IRWC (33) ---------~ 

--., 1----------1 RRW(34) ----------t,,-----., 

tCRP(19) 

CAS VIH -
VIL -

WE 
VIH -
VIL -

DIN 
VIH -
VIL -

DOUT ~~= ----------HIGH-Z------G IlAUDDMA 

62403 

Waveforms of RA5-0nly Refresh Cycle 

VIH -
RAS V 1L -

VIH -
CAS VIL -

D VOH-
OUT VOL -

14---------------1RC (2) ----------+1 
1+----------1 RAS(I) -----------+1 

---~ ~----~ 

i4-----t tRAH (5) 
IRP(3) 

-----------HIGH-Z--------------------
1002 04 
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Waveforms of CA5-before-RAS Refresh Cycle 

CAS VIH -
VIL -

o VOH -
OUT VOL -

!4---------tRC(2)----------+t 

14---fRAS (1) --------~ 
r---------~ ~------~ 

tRP(3) 

t CP (23) !4---t ---tCHR (45) 

tCSR(44) 

1)------HIGH-Z-----------------______ J 

100206 

Waveforms of Hidden Refresh Cycle (Read) 

- VIH -
WE VIL -

o VQH_ 
OUT VOL -

----""" 1"">---- t RAS (1) ---~ or--"""", 14---- t RAS(I) -----t 

t RCD (10) --t'_---1 
t RSH (R)(15) 

tCAR(6)-

14---~t CAH (9) 

t CAA(12) 14----.1 

14--- t RAC (11) ----I 

------HIGH-Z-----(I 
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tRP(3) ..Il;.....---------..J 

14---- tCHR (45)---1 

tOFF (20) 

VALID DATA 
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Waveforms of Hidden Refresh Cycle (Write) 

--......, !4---- 1 RAS (1) ----~ .,---"'\1 I ... t----- 1 RAS (1) ----Pi 

1 RCD (10) ---r----I 
1 RSH (W)(26) 

'CRP(19) 
V IH _ -4-++-------" 

CAS VIL -

V IH -
WE VIL -

V IH -
V IL -

14--~1 CAH (9) 

VALID DATA 

f----I DHR (32)---+1 

I ..... t----- 1 CHR (45) ---.j 

DOUT V OH-
V OL - ------------- HIGH-Z ----------------

100207 
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Waveforms of Fast Page Mode Read Cycle 

t+-------------t RAS (1) -------l. <--------+1 
V1H -

RAS V1L -

CAS 

V1H -
WE V 1L -

o VQH
OUT VOL - ----HIGH-Z -------iI 

100208 
• \9lid Data 

2-48 



MOSEL-VITELIC V53C100F 

Waveforms of Fast Page Mode Write Cycle 

f4-------------'RAS (1) ------<>----------~ ,..t---'-'-<~ 

V 1H -
RAS V 1L -

CAS 

V1H -
WE V 1L -

V1H -
V1L -

100209 
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Waveforms of Fast Page Mode Read-Modify-Write Cycle 

1+-------------1 RAS (1) -----4.l------~ I"'t-----t~ 

V IH -
RAS V IL -

CAS 

VIH -
WE V IL -

DIN 
VIH -
V IL -

r--1 PCM (40) 

--;-;,..----7~ 

VALID DATAOUT 

62410 
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Waveforms of Refresh Counter Test Cycle 

---~~---_I RAS (1}-------t_-- 1RSH(W)(26) ---~ 

V 1H -
CAS V 1L -

READ CYCLE 

_--I CHR(43) 

ICSR(44) 

WRITE CYCLE 

VALID DATA 

1-----+1 1 RCS (16) 

V53C100F 

----------HIGH-Z-----++--------------

V1H -
WE V 1L -

V 1H -
V1L -

IWCS (28) ~--+I f+----.j IWCH (29) 

148811 
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FuncUonalDescripUon 

The V53C100F is a CMOS dynamic RAM 
optimized for high data bandwidth, low power 
applications. It is functionally similar to a traditional 
dynamic RAM. The V53C100F reads and writes 
data by multiplexing a 2Q-bit address into a 1 Q-bit row 
and a 10-bit column address. The row address is 
latched by the Row Address Strobe (RAS). The 
column address flows through an internal address 
buffer and is latched by the Column Address Strobe 
(CAS). Because access time is primarily dependent 
on a valid column address rather than the precise 
time that the CAS edge occurs, the delay from RAS 
to CAS has little effect on the access time. 

Memory Cycle 

A memory cycle is initiated by bringing RAS low. 
Any memory cycle, once initiated, must not be ended 
. or aborted before the minimum tRAS time has expired. 
This ensures proper device operation and data 
integrity. A new cycle must not be initiated until the 
minimum precharge time tRp/tcp has elapsed. 

Read Cycle 

A Read ~Ie is performed by holdin~ Write 
Enable (WE) signal high during a RAS/CAS 
operation. The column address must be held for a 
minimum time specified by tAR. Data Out becomes 
valid only when tRAc,lcAA and lcAc are all satisfied. 
As a result, the access time is dependent on the 
timing relationships between tRAC' tCAA and tCAC. For 
example, the access time is limited by lcAA when tRAC 
(min.) and tCAC (min.) are both satisfied. 

Write Cycle 

A Write cycle is performed by taking WE and CAS 
low during a RAS operation. The column address is 
latched by CAS. The write can be WE controlled or 
CAS controlled depending on whether WE or CAS 
falls later. Consequently, the i!!Q!!t data must be valid 
at or before the falling edge of WE or CAS, whichever 
occurs last. In a CAS-controlled Write Cycle when 
the leading edge of WE occurs prior to the CAS low 
transition, the output (DouT) pin will be in the High-Z 
state at the beginning of the Write function. Ending 
the Write with RAS or CAS will maintain the output in 
the High-Z state. 

V53C100F 

Refresh Cycle 

To retain data, 512 Refresh Cycles are required in 
each 8 ms period. There are two ways to Refresh the 
memory: 

1. By selecting all 512 address combinations of 
AO through A8 each 8 mS,a refresh of all rows is 
completed. Any Read, Write, Read-Modify-Write 
or RAS-only cycle refreshes the addressed row. 

2. Using a CAS-before-RAS Refresh Cycle. If CAS 
makes a transition from low to high to low after the 
previous cycle and before RAS falls, CAS-before
RAS refresh is activated. The V53C1 OOF will use 
the output of an internal 9-bitcounter as the 
source of row addresses and ignore external 
address inputs. 

CA5-before-RAS is a "refresh~only" mode and no 
data access or device selection is allowed. Thus, 
DOUT will remain in the High-Z state during the cycle. 

A CA5-before-RAS counter test mode is provided 
to ensure reliable operation of the internal refresh 
counter. The user can use the counter test mode to 
write consecutive data patterns (512 Write cycles) 
and then verify the written data by applying 512 
consecutive Read cycles. In this mode,. the 
V53C1 OOF ignores external row/column addresses 
and takes the output from the internal 
counter instead. 

Data Retention Mode 

The V53C 1 OOF offers a CMOS standby mode that 
is entered by causing the RAS clock to swing 
between a valid V1L and an "extra high" V1H within 0.2 
V of V DO. While the RAS clock is at the "extra high" 
level, the V53C1 OOF power consumption is reduced 
to the low looslevel. Overall 100 consumption when 
operating in this mode can be calculated as follows: 
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Where tRC = Refresh Cycle Time 
tRX = Refresh Interval/512 
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Fast Page Mode Operation 

Fast Page Mode operation permits all 1024 
columns within a selected row of the device to be 
randomly accessed at a high data rate. Maintaining 
RAS low while performing successive CAS cycles 
retains the row address internally and eliminates the 
need to reapply it for each cycle. The column 
address buffer acts as a transparent or flow-through 
latch while CAS is high. 

Thus, access begins at the occurance of a valid 
column address rather than at the falling edge of 
CAS, eliminating tASC and 1r from the critical timing 
path. CAS latches the address into the column 
address buffer and acts as on output enable. 

During Fast Page Mode operation, Read, Write, 
Read-Modify-Write, or Read-Write-Read cycles are 
possible at random addresses within a row. 
Following the initial entry cycle into Fast Page Mode, 
access is lcAA or tCAP controlled. If the column 
address is valid prior to the rising edge of CAS, the 
access time is determined by the by the CAS rising 
edge. If the column address is valid after the rising 
edge of CAS, the access is timed from the 
occurrance of the valid address and is specified by 
tCAA• In both cases, the falling edge of CAS latches 
the address and enables the output. 

Fast Page Mode provides a sustained data rate of 
over 25 MHz for applications that require high data 
rates like bit-mapped graphics or high-speed signal 
processing. The following equation can be used to 
calculate the data rate: 

1,024 
Data Rate = ----

tRC + 1,023 x tpc 

Data Output Operation 

The V53C100F Data Output pin (DouT) has a 
three-state capability and is controlled by CAS. 
When CAS is high(~ V1H), the output is in the High-Z 
state. Table 1 summarizes the DOUT states possible 
for various memory cycles. 
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Power On 

After application of the V DO an initial pause of 200 
I1s is required followed by a minimum of 8 
initialization ~es (any combination of cycles 
containing a RAS clock). Eight initialization cycles 
are required after extended periods of bias without 
clocks (greater than the Refresh Interval). During 
power on, the V DO current requirement of the 
V53C100F is dependent on the input levels of RAS 
and CAS. If RAS is Low during power on, the device 
will go into an active cycle and 100 will exhibit current 
transients. It is recommended that RAS and CAS 
track with V DO or be held at a valid V1H during power 
on to avoid current surges. 

Table 1. V53C100F Data Output 
Operation for Various Cycle Types 

Cycle Type DOUT State 

Read Cycles Data from Addressed 
Memory Cell 

CAS-Controlled Write High-Z 
Cycle (Early Write) 

WE-Controlled Write Active, not valid 
Cycle (Late Write) 

Read-Modify-Write Data from Addressed 
Cycles Memory Cell 

Fast Page Mode Read Data from Addressed 
Cycle Memory Cell 

Fast Page Mode Write High-Z 
Cycle (Early Write) 

Fast Page Mode Read- Data from Addressed 
Modify-Write Cycle Memory Cell 

RAS-only Refresh High-Z 

CA5-before-RAS Data remains as in 
Refresh Cycle previous cycle 

CAS-only Cycles High-Z 



MOSEL-VITELIC V53C100H PRELIMINARY 
ULTRA-HIGH PERFORMANCE 
LOW POWER 1M X 1 BIT 
FAST PAGE MODE CMOS DYNAMIC RAM 

HIGH PERFORMANCE V53C100H 45/45L 

Max. RAS Access Time, (tRAC) 45 ns 

Max. Column Address Access Time, (tCAA) 22 ns 

Max. CAS Access Time, (tCAC) 12 ns 

Min. Fast Page Mode Cycle Time, (tpc) 25 ns 

Min. Read-Write Cycle Time,(tRC) 90 ns 

LOW POWER V53C100HL 45L 

Max. CMOS Standby Current, (ioos) 150 IIA 

Features 
• 1 M x 1-bit organization 
• RAS Access time: 45, 50, 55, 60 ns 
• low power dissipation 

• V53C100H-60 
- Operating Current - 85 rnA max. 
- TTL Standby Current - 2.0 rnA max. 

• low CMOS Standby Current 
• V53C1 OOH - 1.0 rnA max. 
• V53C1 OOHl - 0.15 rnA max. 

• low Battery Back-up Current 
• V53C1 OOHl - 20~ max. _ 

• Read-Modify-Write, RA8-0nly Refresh, CAS
before-RAS Refresh capability 

• Fast Page Mode operation for a sustained data 
rate greater than 40 MHz 

• Refresh Interval 
• V53C100H - 512 cycles/8 ms 
• V53C100Hl-512 cyclesl64ms 

• Available in 18 pin Plastic DIP and 26/20 pin 
SOJ packages 

Description 

The V53C1 OOH is a high speed 1 ,048,576 x 1 bit 
CMOS dynamic random access memory. 

Device Usage Chart 

50/50L 55/55L 60/60L 

50 ns 55 ns 60 ns 

24 ns 28ns 30 ns 

12 ns 15 ns 15 ns 

28 ns 38 ns 40 ns 

100 ns 110 ns 120 ns 

50L 55L 60L 

15011A 150 IIA 150 IIA 

Fabricated with Mosel-Vitelic's VICMOS III 
technology, the V53C1 OOH offers a combination of 
features: Fast Page Mode for high data bandwidth, 
fast usable speed, CMOS standby current and, on 
request, extended refresh for very low data retention 
power (V53C1 OOHl). 

All inputs and outputs are TTL compatible. Input 
and output capacitances are significantly lowered to 
allow increased system performance. Fast Page 
Mode operation allows random or sequential access 
of up to 1024 bits within a row with cycle times as 
short as 25 ns. Because of static Circuitry, the CAS 
clock is not in the critical timing path. The flow
through column address latches allow address 
pipelining while relaxing many critical timing 
requirements for fast usable speed. These features 
make the V53C 1 OOH ideally suited for cache based 
mainframe and mini computers, graphics, digital 
signal processing and high performance 
microprocessor systems. 

The V53C1 OOHl offers a maximum data retention 
power of 1.1 mW when operating in CMOS standby 
mode and performing CAS-before-RAS refresh 
cycles. This mode is entered by holding RAS at a 
voltage greater than V 00-0.2 when it is inactive. 

Operating Package Outline Access Time (ns) Power 
Temperature Temperature 

Range P K 45 50 55 60 Low Std. Mark 

O°C to 70°C • • • • • . . • Blank 

V53C100H Rev.03 February 1993 
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V53C100H 

Description Pkg. Pin Count 

Plastic DIP P 18 

SOJ K 26/20 

18 Lead Plastic DIP 
PIN CONFIGURATION 

Top View 

DIN vss 
WE DOUT 

RAS CAs 
NC Ag 

Ao As 
Al A7 
A2 A6 
Aa As 

voo A4 

Pin Names 

Aa-Ag Address Inputs 

Y 
FAMILY 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE Write Enable 

DIN Data Input 

DoUT Data Output 

Voo +5VSupply 

Vss OVSupply 

NC No Connect 

Absolute Maximum Ratings" 

Ambient Temperature 
Under Bias ................................. -10·C to +80·C 

Storage Temperature (plastic) .... -55·C to + 125·C 
Voltage Relative to Vss ....................... -1.0 V to +7.0 V 
Data Out Current ......................................... 50 mA 
Power Dissipation ......................................... 1 .0 W 

'Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 

DEVICE PKG SPEED TEMP. 

-I -1--1 -I Y-I -I 
d (tRAC) PWCR. L BLANK (O·C to 70·C) 

P (PLASTIC DIP) ~ BLANK (NORMAL) K (SOJ) 
L (LOW POWER) 

2-55 

45 (45 ns) 
5550 (50 ns) 

(55ns) 
60 (60 ns) 

26120 Lead SOJ Package 
PIN CONFIGURATION 

Top View 

DIN vSS 
WE DOUT 

RAS CAS 
NC NC 
NC Ag 

Ao As 
Al A7 
A2 As 
Aa As 

voo A4 

Capacitance" 
T A = 25°C, V DO = 5 V ±1 0%, V ss = 0 v 

Symbol Parameter Typ. Max. 

CIN1 Address 3 4 

CIN2 RAS,CAS,WE 4 5 

COUT 110 5 7 

'Note: CapaCitance is sampled and not 100% tested 

Unit 

pF 

pF 

pF 
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Block Diagram 

1M x 1 

~ RAS CLOCK L CAS CLOCK 
GENERATOR f---e GENERATOR 

VoD~ 

VSS~ 

Aa 
Ag 

~ 

~ · · · 
~ 

~ 

1 
REFRESH 
COUNTER 

{}9 
(/)(/) 
a: a: 
WW 
1.1.0 
1.1.0 
=>0 Illw 
(/)0 
(/)W 
wa: a:Q. 
00 Oz «« 
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.. 

Yo-Ya .. 

-
~ I--t 

XO-Xa 
(/) 
a: ~ t--- L...J.\ ;::w 

0 0 :-01 .. a:8 
W 
0 

'---

~ WE CLOCK 
GENERATOR 
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I 
! 
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>-
2048 
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MEMORY 
ARRAY 
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MOSEL-VITELIC V53C100H 

DC and Operating Characteristics 
T A = D·C to 7D·C, V DO = 5 V ±10%, v ss = D V, unless otherwise specified. 

V53C100H V53C100HL 
Symbol Parameter Access Unit Test Conditions Notes 

Time Min. Typ. Max. Min. Typ. Max. 

III Input leakage Current -10 10 -10 10 jlA Vss " V,N " VOO 
(any input pin) 

ILO Output leakage Current -10 10 -10 10 jlA ~~UT"VOO 
(for High-Z Slate) RAS,CAS at V,H 

1001 V DO Supply Current. 45 110 110 

Operating 50 100 100 rnA tRC = tRC (min.) 1.2 

55 90 90 

60 85 85 

1002 VOO Supply Current, 2.0 2.0 rnA RAS,CAS at V,H 
TTL Standby other inputs 2: V ss 

45 110 110 

1003 ~ S~ply Current, 50 100 100 

RA5-0nly Refresh 55 90 90 rnA tRC = tRC (min.) 2 

60 85 85 

45 100 100 

10D4 V DO S~ply Current, 50 90 90 

Fast Page Mode 55 85 85 rnA Minimum Cycle 1,2 

Operation 60 80 80 

1005 V DO Supply Current, 2.0 2.0 rnA RAS=V,H,CAS=V,L 1 

Standby. Output Enabled other inputs 2: V SS 

1006 V DO Supply Current, 1.0 0.15 rnA RAS2: Voo-{).2 V, 

CMOS Standby CAS 2: Voo-{).2 V, 

All other inputs2:V SS 

Battery Backup CAS-Belora-RAS 

1007 Data Retention Current N.A. 0.2 rnA Refresh cycle 18 

(V53C1 OOHl Only) tRC = 125115 

CMOS clock levels 

V,L Input low Voltage -1 0.8 -1 0.8 V 3 

V,H Input High VoHage 2.4 VOO 2.4 VOO V 3 

+1 +1 

VOL Output low VoHage 0.4 0.4 V IOL = 4.2 rnA 

VOH Output High VOHage 2.4 2.4 V IQH=-5mA 
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AC Characteristics 
T A = O·C to 70·C, V DO = 5 V ±10%, v ss = 0 V, unless otherwise noted 

45/L SOIL S5IL 60/L 
# JEDEC Symbol Parameter Unit Notes 

Symbol Min. Max. Min. Max. Min. Max. Min. Max. 

1 tRL1RHl ~AS RAS Pulse Width 45 75K 50 75K 55 75K 60 75K ns 

2 tRL2RL2 IRC Read or Write Cycle Time 90 100 110 120 ns 

3 tRH2RL2 tRP RAS Precharge Time 35 40 45 50 ns 

4 tAVRL2 tASR Row Address' Setup Time 0 0 0 0 ns 

5 tRL1AX ~AH Row Address Hold Time 8 9 10 10 ns 

6 tAVRHl leAR Column Address to RAS 22 24 28 30 ns 
Setup Time 

7 tRL1AV tRAD RAS to Column Address 13 23 14 26 15 27 15' 30 ns 4 
Delay Time 

8 tAVCL2 tASC Column Address Setup Time 0 0 .. 
0 0 ns 

9 'eLl AX 'cAH Column Address Hold Time 6 7 10 10 ns 

10 tRL1CLl 'RCO RAS to CAS Delay 18 31 19 36 20 40 20 45 ns 5 

11 tRL10V tRAC . Access Time from RAS 45 50 55 60 ns 6,7,8 

12 tAVOV 'cAA Access Time from Column 22 24 28 30 ns 8,9 
Address 

13 1eL10V 'cAc Access Time from CAS 12 12 15 15 ns 8,15 

14 IeL1CH1(R) IeAS(R) CAS Pulse Width in 12 12 15. 15 ns 
Read Cycle 

15 IeL1RH1(R) tRSH(R) RAS Hold Time (Read Cycle) 14 14 15 15 ns 

16 WH2CL2 tRCS Read Command Setup Time 0 0 0 0 ns 

17 IeH2WX tRCH Read Command Hold Time 0 0 0 0 ns 10 
Referenced to CAS 

18 tRH2WX tRRH Read Command Hold Time 0 0 0 0 ns 10 
Referenced to RAS 

19 IeH2RL2 IeRP CAS to RAS Precharge Time 4 4 5 5. ns 

20 1eH20X 'oFF Output Buffer 0 8 0 8 0 10 0 10 ns 11 
Tum Off Delay 
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AC Characteristics (Cont'd.) 

451L 501L 55/L &OIL 
# JEDEC Symbol Parameter Unit Notes 

Symbol Min. Max. Min. Max. Min. Max. Min. Max. 

21 'cH20V tOH Data Hold Time from CAS 0 0 0 0 ns 11 

22 WL1WHl WP Write Pulse Width 6 7 10 10 ns 

23 tCH2CL2 'cp CAS Precharge Time 7 8 10 10 ns 

24 tRL1AX tAR Column Address Hold Time 30 35 45 50 ns 
fromRAS 

25 'cL1CH1(W 'cAS(W) CAS Pulse Width in 12 12 15 15 ns • Write Cycle 

26 'cLlRH1(W tRSH(WJ RAS or CAS Hold Time 
in WrHe Cycle 

14 14 15 15 ns 

27 tRL1WHl WCR WrHe Command Hold Time 30 35 45 50 ns 
from RAS 

28 WLlCL2 WCS Write Command Setup Time 0 0 0 0 ns 12,13 

29 'cL1WHl WCH Write Command Hold Time 6 7 10 10 ns 

30 IoVWL2 tos Data In Setup Time 0 0 0 0 ns 14 

31 WH10X tOH Data In Hold Time 6 7 10 10 ns 14 

32 tRLlDX tOHR Data In Hold Time 30 35 45 50 ns 
Referenced to RAS 

33 tRL2RL2 tRWC Read-Modify-Write 110 120 130 140 ns 
(RMW) Cycle Time 

34 tRL1RHl tRRW Read-Modify-Write Cycle 65 70 75 80 ns 
(RMW) RAS Pulse Width 

35 tRL1WL2 tRWO RAS to WE Delay Time 45 50 55 60 ns 12 
Read-Modify-Write Cycle 

36 'cL1WL2 tcwo CAS to WE Delay 14 14 15 15 ns 12 

37 tAVWL2 tAWO Column Address to 22 24 28 30 ns 12 
WE Delay 

38 'cH20V 'cAP Access Time from 24 26 32 34 ns 15 
Column Precharge 

39 'cL2CL2(R) tpc Fast Page Mode Read or 25 28 38 40 ns 
Write Cycle Time 
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MOSEL-VITELIC V53C100H 

AC Characteristics (Cont'd.) 

45/L 501L 55/L 601L 
# JEDEC Symbol· Parameter Unit Notes 

Symbol Min. Max. Min. Max. Min. Max. Min. Max. 

40 \;L2C1.2 tPCM Fast Page Mode Read- 52 54 58 60 ns 
(RMW) Modify-Write Cycle Time 

41 IwL1RHl tRWL Write Command to RAS 14 14 15 15 ns 
LeadTme 

42 IwL1CHl \;WL Write Command to CAS 14 14 15 15 ns 
Lead Time 

43 tRH2C1.2 tRPC RAS to CAS Precharge Time 0 0 0 0 ns 

44 tCL1R1.2 \;SR CAS Setup Time 
CAsbefore-RAS Refresh 

10 10 10 10 ns 

45 tRL1CHl \;HR CAS Hold Time 12 12 15 15 ns 
CA&before-RAS Cycle 

46 tRL1CHl tCSH CAS Hold Time 45 50 55 60 ns 

47 tr tr Transition Time 3 50 3 50 3 50 3 50 ns 16 
(Rise and Fall) 

~EF Refresh Interval 8 8 8 8 ms 17 
(512 Cycles) 

tREF Refresh Interval 64 64 64 64 ms 17,18 
V53C1 OOHL Only 
(512 cycles, tR -125 J.IS) 
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Notes: 

1. 100 is dependent on output loading when the device output is selected. Specified 100 (max.) is measured with the 
output open. 

2. 100 is dependent upon the number of address transitions. Specified 100 (max.) is measured with a maximum of two 

transitions per address cycle in First Page Mode. 

3. Specified V1L (min.) is steady state operation. During tranSitions. V1L (min.) may undershootto -1.0 V for periods not 
to exceed 20 ns. All AC parameters are measured with V1L (min.) ~ Vss and V1H (max.) ~ VDD. 

4. Operation within the tRAD (max.) limit ensures that~Ac (max.) can be met. ~D (max.) is specified as a reference 
point only. If ~AD is greater than the specified ~AD (max.) limit. the access time is controlled by 1cAA and fcAc' 

5. tRCD (max.) is specified for reference only. Operation within ~CD (max.) and ~D (max.) limits ensure that ~AC (max.) 

and toM (max.) can be met. If ~CD is greater than the specified ~CD (max.). the access time is controlled by toM and 

hc' 
6. Assumes that ~D ~ ~AD (max.). IftRAD is greater than ~AD (max.). ~c will increase by the amountthat tRAD exceeds 

~AD(max.). 

7. Assumes thattRco ~ ~CD (max.). IftRCD is greater than tRCD (max.). ~AC will increase by the amountthattRCD exceeds 

~CD(max.). 

8. Measured with a load equivalent to two TTL loads and 100 pF. 

9. Assumes that tRAD ~ ~AD (max.). 

10. Either ~RH or ~CH must be satisfied for a Read Cycle to occur. 

11. loFF and taN define the time at which Dour reaches an open circuit condition and are not referenced to the output 
voltage levels. 

12. fwcs.lwHC' tRWD' tAwD and tcwD are not restrictive operating parameters. 

13. fwcs (min.) must be satisfied in an Early Write Cycle. 

14. tDS and taH are referenced to the later occurance of CAS or WE. 

15. Access time is determined by the longer of 1cAA. hc' or hp, 
16. tr is measured between V1H (min.) and V1L (max.). AC measurements assume tr = 5 ns. 

17. An initial 200 ~ pause and 8 RAS-containing cycles are required when exiting an extended period of bias without 
clocks. An extended period of time without clocks is defined as one that exceeds the specified Refresh Interval. 

18. This is battery backup data retention mode under CAS-before-RAS refresh cycles. 

tRC = 125 ~ (125 ~ x 512 = 64ms) 

tRAS = tRAS (min) to 1 us 

Input voltages: RAS and CAS V1H > V DO - 0.2 V 

V1L <0.2 V 

WE and OE V1N > VDD - 0.2 V 

All other inputs at stable V1H or V1L 
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MOSEL-VITELIC V5~C1QOH 

Waveforms of Read Cycle 

V1H -
RAS V 1L -

CAS 
V 1H -
V1L -

WE 
V1H -
V1L -

DOUT ~~= 

t+--------------- 1RC(2) ----------~ 

14----------IRAS(l) ---------+\ 

100201 

Waveforms of Early Write Cycle 

V1H -
RAS V 1L -

V 1H -
WE V1L -

V1H -
V1L -

DOUT VOH-
VOL -

i4""---------------IRC(2) ------'-----~ 

1+----------1 RAS (1) -----'--------+i 

1+------- IOHR (32) -----

-----------HIGH-Z--------------------

100202 
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MOSEL-VITELIC V53C100H 

Waveforms of Fast Page Mode Read Cycle 

V1H -
RAS V 1L -

CAS 

Dour VOH -
VOL -

14--------------t RAS (1) -------< <-----------.j 

---- HIGH-Z ----~ 

• Valid Data 

Waveforms of Fast Page Mode Write Cycle 

V1H -
RAS V 1L -

CAS 

~-------------t RAS (1) -------">--------~ 
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Waveforms of Read-Modify-Write Cycle 
~-------------------------.~(~)----------~----~ 

-----i~---------------·~(M)--------------~~--------i 

·RWL(41)t----+i 
'CRP(19) 

CAS VIH -
VIL -

-- VIH -
WE VIL -

D VIH -
IN V IL -

----------.,.;------- HIGH.z---'-':'~--{===~\I\U~O~O~All'.;:===j 

. V53C100H 

624011 

Waveforms of Fast Page Mode Read-Modify-Write Cycle 
'RAS(1) -----<l-----_ 

RAS V IL - ________________________________ ~~--------_{ VIH-j 
• CRp (19)-, 
'RCO(10)-+++--""" 

VIH -
CAS VII.-

'RAH(S) 

DOUT V OH-
VOL -
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Waveforms of CAS-before-RAS Refresh Cycle} 

V1H -
RAS V1L -

o VOH -
OUT VOL -

j4---------IRC(2) ------------t 
14-----1 RAS(I) --------~ 

r---------~ r-------~ 

IRP(3) 

1 CP (23) \4----+1 ~---I CHR (45) 

ICSR(44) 

1)-------HIGH-Z----------------------------I 100205 

Waveforms of Hidden Refresh Cycle (Read) 

V1H -
RAS V1L -

CAS 

o VOH -
OUT VOL -

----'\I ~----- I RAS (1) ---~ ".---", i"">----- I RAS(I) ---_ 

I RCD(10) --r_---i 
I RSH (R)(15) 

1 CAA(12) 14-----+1 

~-- I RAC (11) --~ 

-----HIGH-Z------(j 

I RP(3) -.ll ..... ---------...T 
---- ICHR(45)--~ 

I OFF (20) 

VALID DATA 

~-------------------------I 
100606 
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Waveforms of Hidden Refresh Cycle (Write) 

RAS V IH -
VIL -

CAS 

- V IH -
WE VIL -

D VOH-
OUT VOL -

--"'\I ~--- lRAS(I)---~ ".--~~--- IRAS(I)---~ 

1 RSH (W)(26) 
1-.---- 1 CHR (45)--~ 

VALID DATA 

1+----1 DHR (32)----.1 

------------ HIG-H-Z ----------.....,.----
1002 07 

Waveforms of RA5-0nly Refresh Cycle 

V IH -
RAS VIL -

CAS VIH -
VIL -

t+--------------1RC(2)----------.j 

t+---------IRAS (1) -----,-----

--~ ~----~ 
IRP(3) 

DOUT VOH- - ----------HIGH-Z------------------VOL -
100204 
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Waveforms of CAS-Sefore-RAS Refresh Counter Test Cycle 

----l.l ... ----IRAS(I)-----------;----------l~ 

IRP(3) 

READ CYCLE • VALID DATA 

I-----IIRCS (16) 

WRITE CYCLE 

----------HIGH-Z----t+--------------

'wCS (28) j4----I j4----IIWCH (29) 

100211 
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FuncUonalDescnpUon 

The V53C100H is a CMOS dynamic RAM 
optimized for high data bandwidth, low power 
applications. It is functionally similar to a traditional 
dynamic RAM. The V53C100H reads and writes 
data by multiplexing a 2Q-bit address into a 1 Q-bit row 
and a 1 Q-bit column address. The row address is 
latched by the Row Address Strobe (RAS). The 
column address flows through an internal address 
buffer and is latched by the Column Address Strobe 
(CAS). Because access time is primarily dependent 
on a valid column address rather than the presice 
time that the CAS edge occurs, the delay from RAS 
to CAS has little effect on the access time. 

Memory Cycle 

A memory cycle is initiated by bringing RAS low. 
Any memory cycle, once initiated, must not be ended 
or aborted before the minimum tRAS time has expired. 
This ensures proper device operation and data 
integrity. A new cycle must not be initiated until the 
minimum precharge time tRpftcp has elapsed. 

Read Cycle 

A Read .,2YPle is performed by holdin~ Write 
Enable (WE) signal high during a RAS/CAS 
operation. The column address must be held for a 
minimum time specified by tAR' Data Out becomes 
valid only when tRAC' tCAA and tCAC are all satisfied. 
As a result, the access time is dependent on the 
timing relationships between tRAC' tCAA and tCAC' For 
example, the access time is limited by lcAA when tRAC 
(min.) and tCAC (min.) are both satisfied. 

WnteCycle 

A Write cycle is performed by taking WE and CAS 
low during a RAS operation. The column address is 
latched by CAS. The write can be WE controlled or 
CAS controlled depending on whether WE or CAS 
falls later. Consequently, the i~t data must be valid 
at or before the falling edge of WE or CAS, whichever 
occurs last. In a CAS-controlled Write Cycle when 
the leading edge of WE occurs prior to the CAS low 
transition, the output (D9I).T) pin will be in the High-Z 
state at the beginnin9..Q!.!!le Write function. Ending 
the Write with RAS or CAS will maintain the output in 
the High-Z state. 

V53C100H 

Refresh Cycle· 

To retain data, 512 Refresh Cycles are required in 
each 8 ms period. There are two ways to Refresh the 
memory: 

1. By selecting all 512 address combinations of 
AO through A8 each 8 ms, a refresh of all rows is 
completed. Any Read, Write, Read-Modify-Write 
or RAS-only cycle refreshes the addressed row. 

2. Using a CAS-befora-RAS Refresh Cycle. If CAS 
makes a transition from low to high to low after the 
previous cycle and before RAS falls, CAS-befora
RAS refresh is activated. The V53C1 OOH will use 
the output of an internal 9-bit counter as the 
source of row addresses and ignore external 
address inputs. 

CAS-before-RAS is a "refresh-only" mode and no 
data access or device selection is allowed. Thus, 
DOUT will remain in the High-Z state during the cycle. 

A CAS-befora-RAS counter test mode is provided 
to ensure reliable operation of the internal refresh 
counter. The user can use the counter test mode to 
write consecutive data patterns (512 Write cycles) 
and then verify the written data by applying 512 
consecutive Read cycles. In this mode, the 
V53C100H ignores external row/column addresses 
and takes the output from the internal 
counter instead. 

Data Retention Mode 

The V53C1 OOH offers a CMOS standby mode that 
is entered by causing the RAS clock to swing 
between a valid V1L and an "extra high" V1H within 0.2 
V of V DO' While the RAS clock is at the "extra high" 
level, the V53C1 OOH power consumption is reduced 
to the low looslevel. Overall 100 consumption when 
operating in this mode can be calculated as follows: 

1=---------------------

Where tRC = Refresh Cycle Time 
tRX = Refresh Interval/512 
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Fast Page Mode Operation 

Fast Page Mode operation permits all 1024 
columns within a selected row of the device to be 
randomly accessed at a high data rate. Maintaining 
RAS low while performing successive CAS cycles 
retains the row address internally and eliminates the 
need to reapply it for each cycle. The column address 
buffer acts as a transparent or flow-through latch 
while CAS is high. 

Thus, access begins at the occurance of a valid 
column address rather than at the falling edge of 
CAS, eliminating tASC and ~ from the critical timing 
path. CAS latches the address into the column 
address buffer and acts as on output enable. 

During Fast Page Mode operation, Read, Write, 
Read-Modify-Write, or Read-Write-Read cycles are 
possible at random addresses within a row. 
Following the initial entry cycle into Fast Page Mode, 
access is tCAA or tCAP controlled. If the column 
address is valid prior to the rising edge of CAS, the 
access time is determined by the by the CAS rising 
edge. If the column address is valid after the rising 
edge of CAS, the access is timed from the 
occurrance of the valid address and is specified by 
~AA. In both cases, the falling edge of CAS latches 
the address and enables the output. 

Fast Page Mode provides a sustained data rate of 
40 MHz for applications that require high data rates 
like bit-mapped graphics or high-speed signal 
processing. The following equation can be used to 
calculate the data rate: 

1,024 
Data Rate = ----

tAC + 1 ,023 x tpc 

Data Output Operation 

The V53C100H Data Output pin (DouT) has a 
three-state capability and is controlled by CAS. 
When CAS is high(~ V,H), the output is in the High-Z 
state. Table 1 summarizes the DOUT states possible 
for various memory cycles. 
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V53C1 OOH 

Power On 

After application of the V DO an initial pause of 200 
I1s is required followed by a minimum of 8 
initialization cycles (any combination of cycles 
containing a RAS clock). Eight initialization cycles 
are required after extended periods of bias without 
clocks (greater than the Refresh Interval). 

During power on, the V DO current requirement of 
the V53C100H is dependent on the input levels of 
RAS and CAS. If RAS is Low during power on, the 
device will go into an active cycle and 100 will exhibit 
current transients. It is recommended that RAS and 
CAS track with V DO or be held at a valid V1H during 
power on to avoid current surges. 

Table 1. V53C100H Data Output 
Operation for Various Cycle Types 

Cycle Type DOUTState 

Read Cycles Data from Addressed 
Memory Cell 

CAS-Controlled Write High-Z 
Cycle (Early Write) 

WE-Controlled WrRe Active, not valid 
Cycle (Late Wrtte) 

Read-Modify-Write Data from Addressed 
Cycles Memory Cell 

Fast Page Mode Read Data from Addressed 
Cycle Memory Cell 

Fast Page Mode WrRe High-Z 
Cycle (Early Write) 

Fast Page Mode Read- Data from Addressed 
Modify-Write Cycle Memory Cell 

RAS-only Refresh High-Z 

CAS-before-RAS Data remains as in 
Refresh Cycle previous cycle 

CAS-only Cycles High-Z 
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MOSEL-VITELIC V53C100N PRELIMINARY 
HIGH PERFORMANCE, 3.3 VOLT 
1M X 1 BIT FAST PAGE MODE 
CMOS DYNAMIC RAM 

HIGH PERFORMANCE V53C100N 

Max. RAS Access Time, (tRAC) 

Max. Column Address Access Time, (leAA) 

Max. CAS Access Time, (leAC) 

Min. Fast Page Mode Cycle Time, (tpc) 

Min. Read-Write Cycle Time, (tRC) 

LOW POWER V53C100NL 

Max. CMOS Stendby Current, (Ioos) 

Features 
• 1 M x 1-bit organization 
• Low power dissipation for V53C1 00N-80 

• Operating Current - 35 mA max. 
• TTL Standby Current - 1.0 mA max. 

• Low CMOS Standby Current 
• V53C100N - 400JJA max. 
• V53C1 OONL - 40~ax. 

• Read-Modify-Write, RAS-Only Refresh, CAS
before-RAS Refresh capability 

• Common I/O capability 
• Refresh Interval 

• V53C100N - 512 cycles/8m::; 
• V53C1 OONL - 512 cycles/64ms 

60/60L 

60ns 

35ns 

20ns 

45 ns 

120 ns 

60L 

40 I1A 

• Fast Page Mode operation for a sustained data 
rate greater than 25 MHz 

• Standard packages are 18 pin Plastic DIP and 
26/20 pin SOJ 

• Low Battery Back-up Current 
• V53C100NL-150 JJA max. 

Device Usage Chart 

70J70L SO/SOL 

70ns 80ns 

40ns 45 ns 

25ns 25ns 

50 ns 55ns 

130ns. 150 ns 

70L SOL 

40 I1A 40 I1A 

Description 

The V53C1 OON isa high speed 1,048,576 x 1 bit 
CMOS dynarnicrandom access memory. 
Fabricated with MOSEL-Vitelic's VICMOS IV 
technology, the V53C100N offers a combination of 
features: Fast Page Mode for high data bandwidth, 
fast usable speed, CMOS standby current and, on 
request, extended refresh for very low data retention 
power. 

All inputs and outputs are TTL compatible. Input 
and output capacitances are Significantly lowered to 
allow increased system performartce. Fast Page 
Mode operation allows random or sequential access 
of up to 1024 bits within a row with cycle times as 
short as 45 ns. Because of static circuitry, the CAS 
clock is not in the critical timing path. The flow
through column address latches allow address 
pipelining while relaxing many critical timing 
requirements for fast usable speed. These features 
make the V53C1 OON ideally suited for cache based 
mainframe and mini computers, graphics, digital 
signal processing and high performance 
microprocessor systems. 

The V53C1 OONL offers a maximum data retention 
power of 0.8 mW when operating in CMOS standby 
mode and performing CAS-before-RAS refresh 
cycles. 

Operating Package Outline Access Time (ns) Power 
Temperature Temperature 

Range P K 60 70 80 Low Std. Mark 

O°C to 70°C • • • • • • • Blank 

V53C lOON Rev.Ol June 1992 
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V 5 3 C 

Description Pkg. Pin Count 

Plastic DIP P 18 

SOJ K 26/20 

18 Lead Plastic DIP 
PIN CONFIGURATION 

Top View 

DIN vss 
WE DOUT 

RAS CAS 
NC Ag 

Ao As 
At A7 
A2 As 
A3 As 

voo A4 

LOGIC SYMBOL 

Ao 
At 
A2 
A3 
A4 
As DIN 
As 
A7 DOUT 
As 
Ag 
RAS 
CAS 
WE 

Absolute Maximum Ratings" 

Ambient Temperature 

Y 
FAMILY 

Under Bias ................................. -10°C to +80°C 
Storage Temperature (plastic) ..•. -55°C to + 125°C 
Voltage Relative to V ss ....................... -1.0 V to +6.0 V 
Voltage on VDD relative to Vss ........ -1.0 V to +6.0 V 
Data Out Current ••••••••••••••••••••••••••••••••••••••••• 50 rnA 
Power Dissipation •••••.•••.•••.••••..••••••••••••.•••••••• 1.0 W 

'Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 

V53C100N 

o 0 N 

-I -1--1 -I Y-I -I 
DEVICE PKG SPEED TEMP. 

d (tRAbel ooPWC· L 
BLANK (O·C to 70·C) 

P (PLASTIC DIP) BLANK (NORMAL) 
K (SOJ) L (LOW POWER) 
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(60 ns) 
70 (70 ns) 
80 (60 ns) 

26120 Lead SOJ Package 
PIN CONFIGURATION 

Top View 

DIN vss 
WE DOUT 

RAS CAS 
NC NC 
NC Ag 

A6 As 
At A7 
A2 As 
A3 As 

voo A4 

Pin Names 

AO-Ag Address Inputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE WrHeEnable 

DIN Data Input 

DoUT Data Output 

Voo +3.3V Supply 

Vss OV Supply 

NC No Connect 

Capacitance" 
TA = 25°C, VDD = 3.3 V ±10%, Vss = 0 v 

Symbol Parameter Typ. Max. 

CIN1 Address - 6 

CIN2 RAS,CAS,WE - 7 

COUT 110 - 7 

"Note: Capacitance is sampled and not 100% tested 

Unit 

pF 

pF 

pF 
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Block Diagram 

1M x 1 

WE 0------------------, 
CAS ,-;:::======;\ 
RAS 

VDDo--+ 

VSS 0--+ 

AO 

A1 

Aa 

Ag 

RASCLOCK 
GENERATOR 

CAS CLOCK 
GENERATOR 

Xg.Yg 

Yo-Ya 

CJ) 
a::: 512 

~w 
0 0 
a::: 8 

w 
0 

DATA I/O SELECT 

COLUMN DECODERS 

SENSE AMPLIFIERS 

MEMORY 
ARRAY 
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MOSEL-VITELIC V53C100N 

DC and Operating Characteristics 
TA = O·G to 70·G, voo = 3.3 V ±10%, vss = a v, unless otherwise specified. 

V53C100N V53C100NL 
Symbol Parameter Access Unit Test Conditions Notes 

Time Min. Max. Min. Max. 

III Input Leakage Current -10 10 -10 10 ).lA Vss:5 VIN :5 Voo 
(any input pin) 

ILO Output Leakage Current -10 10 -10 10 ).lA ~~UT:5VOO 
(for High-Z State) RAS.CAS at VIH 

1001 Voo Supply Current. 60 45 45 

Operating 70 40 40 rnA tRC = tRC (min.) 1,2 

80 35 35 

1002 Voo Supply Current, 1.0 1.0 rnA RAS.CAS at VIH 
TIL Standby other inputs 2: V SS 

1003 ~ Supply Current. 60 45 45 

RA5-0nly Refresh 70 40 40 rnA tRC = tRC (min.) 2 

80 35 35 

1004 Voo Supply Current. 60 50 50 

Fast Page Mode 70 40 40 rnA Minimum Cycle 1.2 
Operation 80 35 35 

1005 Voo Supply Current. 2.0 1.0 rnA RAS=VIH·CAS=VIL 1 

Standby. Output Enabled other inputs 2: V SS 

1006 V 00 Supply Current. 400 40 ).lA RAS 2: Voo -0.2 V. 
CMOS Standby CAS 2: Voo -0.2 V. 

other inputs 2: V SS 

1007 Battery Back-up Data N.A. 0.15 rnA CAS before RAS 

Retention Current Refresh Cycle 1.18 

(V53C1 OONL only) tRC=125jiS. tRAS<1jiS 

CMOS Clock Levels 

VIL Input Low Voltage -1 0.6 -1 0.6 V 3 

(all inputs) 

VIH Input High Voltage 2.2 Voo 2.2 Voo V 3 

(all inputs) +1 +1 

VOL Output Low Vo~age 0.4 0.4 V IOL =4.2 rnA 

VOH Output High Vo~ge 2.4 2.4 V IOH =-5 rnA 
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AC Characteristics 
TA = oDe to 7ooe, Voo = 3.3 V ±10%, Vss = 0 V, unless otherwise noted 

60il 701l 6O/l 
# JEDEC Symbol Parameter Unit Notes 

Symbol Min. Max. Min. Max. Min. Max. 

1 tRL1RHl ~S RAS Pulse Width 60 75K 70 75K 80 75K ns 

2 tRL2RL ~c Read or Write Cycle Time 120 130 150 ns 

3 tRH2RL2 ~P RAS Precharge Time 50 50 60 ns 

4 tAVRL2 tASR Row Address Setup Time 0 0 0 ns 

5 ~L1AX IRAH Row Address Hold Time 15 15 15 ns 

6 IAVRHl leAR Column Address 10 RAS 35 40 45 ns 
Setup Time 

7 IRL1AV ~D RAS 10 Column Address 20 25 20 30 20 35 ns 4 
Delay Time 

8 tAVCL2 IASC Column Address Setup Time 0 0 0 ns 

9 IeL1AX leAH Column Address Hold Time 15 15 15 ns 

10 ~L1CLl IRCD RAS 10 CAS Delay 25 40 25 45 25 55 ns 5 

11 ~Ll0V IRAC Access TIme from RAS 60 70 80 ns 6.7.8 

12 IAVQV IcAA Access Time from Column 35 40 45 ns 8.9. 
Address 15 

13 IeL1QV IeAC Access Time from CAS 20 25 25 ns 8,15 

14 IeL1CH1(R) IeAS(R) CAS Pulse Width in 20 75K 25 75K 25 75K ns 
Read Cycle 

15 IeL1RH1(R) ~SH(R) RAS Hold Time (Read Cycle) 20 25 25 ns 

16 iwH2CL2 IRCS Read Command Setup Time 0 0 0 ns 

17 IeH2WX IRCH Read Command Hold Time 0 0 0 ns 10 
Referenced 10 CAS 

18 IRH2WX IRRH Read Command Hold Time 0 0 0 ns 10 
Referenced 10 RAS 

19 IeH2RL2 IeRP CAS to RAS Precharge Time 5 5 5 ns 

20 1eH20X ioFF Output Buffer 0 20 0 20 0 20 ns 11 
Turn Off Delay 
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AC Characteristics (Cont'd.) 

60/l 70/l SOIL 
# JEDEC Symbol Parameter Unit Notes 

Symbol Min. Max. Min. Max. Min. Max. 

21 IcH2QV IoH Data Hold Time from CAS 0 0 0 ns 11 

22 iwL1WHl twp Write Pulse Width 15 15 15 ns 

23 IcH2CL2 Icp CAS Precharge Time 10 10 10 ns 

24 tRl1AX tAR Column Address Hold Time 50 55 60 ns 
fromRAS 

25 IcL1CH1(W) IeAs(W) CAS Pulse Width in 20 25 25 ns • Write Cycle 

26 IcL1RH1(W) ~SH(W) RAS or CAS Hold Time 20 25 25 ns 
in Write Cycle 

27 ~l1WHl tWCR Write Command Hold Time 50 55 60 ns 
from RAS 

28 iwl1cL2 twcs Write Command Setup Time 0 0 0 ns 12,13 

29 IcL1WHl tWCH Write Command Hold Time 15 15 15 ns 

30 tOVWL2 tos Data In Setup Time 0 0 0 ns 14 

31 IwHl0X tOH Data In Hold Time 15 15 15 ns 14 

32 ~Ll0X tOHR Data In Hold Time 50 55 60 ns 
Referenced to RAS 

33 tRL2RL2 ~c Read-Modify-Write 145 160 180 ns 
(RMW) Cycle Time 

34 tRL1RHl ~RW Read-Modify-Write Cycle 85 100 110 ns 
(RMW) RAS Pulse Width 

35 tRL1WL2 tRWO RAS to WE Delay Time 60 70 80 ns 12 
Read-Modify-Write Cycle 

36 lcL1wL2 lewo CAS to WE Delay 20 25 25 ns 12 

37 tAVWL2 tAWO Column Address to 35 40 45 ns 12 
WE Delay 

38 IcH2QV leAp Access Time from 40 45 50 ns 15 
Column Precharge 

39 IcL2CL2(R) tpc Fast Page Mode Read or 45 50 55 ns 
Write Cycle Time 
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AC Characteristics (Cont'd.) 

601L 70/L SOIL 
# JEDEC Symbol Parameter Unit Notes 

Symbol Min. Max. Min. Max. Min. Max. 

40 IcL2CL2 tpCM Fast Page Mode Read- 70 80 85 ns 
(RMW) Modify-Write Cycle Time 

41 tWL1RHl 4lwL Write Command to RAS 20 25 25 ns 
Lead Time 

42 tWL1CHl IcwL Write Command to CAS 20 25 25 ns 
Lead Time 

43 tRH2CL2 tRPC RAS to CAS Precharge Time 10 10 10 ns 

44 IcLlRL2 IcSR CAS Setup Time 10 10 10 ns 
CAS-before-RAS Refresh 

45 tRLl CHl IcHR CAS Hold Time 30 30 30 ns 
CAS-before-RAS Cycle 

46 tRL1CHl IcSH CAS Hold Time 60 70 80 ns 

47 tT tT Transition Time 3 50 3 50 3 50 ns 16 
(Rise and Fall) 

~EF Refresh Interval 8 8 8 ms 17 
(512 Cycles) 

tREF Refresh Interval 64 64 64 ms 18 
V53C1 OONL only 
(512 Cycles, ~c= 125 JIS) 
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Notes: 

1. 100 is dependent on output loading when the device output is selected. Specified 100 (max.) is measured with the 
output open. 

2. 100 is dependent upon the number of address transitions. Specified IDO (max.) is measured with a maximum of two 

transitions per address cycle in Fast Page Mode. 

3. Specified V1L (min.) is steady state operation. During transitions, V1L (min.) may undershoot to -1.0 V for periods not 
to exceed 20 ns. All AC parameters are measured with V1L (min.) 2'; Vss and V1H (max.) $ VDO• 

4. Operation within the ~AO (max.) limit ensures that tRAC (max.) can be met. ~AD (max.) is specified as a reference 
point only. If tRAO is greater than the specified tRAO (max.) limit, the access time is controlled by lcAA and lcAc. 

5. tRCO (max.) is specified for reference only. Operation within tRCO (max.) and ~AO (max.) limits ensure that~Ac (max.) 

and lcAA (max.) can be met. If ~co is greater than the specified ~CD (max.), the access time is controlled by lcAA and 

lcAc· 

6. Assumes thattRAo $ tRAO (max.). IftRAD is greater than ~AO (max.), tRAC will increase by the amountthattRAD exceeds 

~AD(max.). 

7. Assumes that~CD $ ~CD (max.). IftRCD is greater than ~CD (max.), ~AC will increase by the amountthattRcD exceeds 

~CD(max.). 

8. Measured with a load equivalent to two TTL loads and 100 pF. 

9. Assumes that tRAD 2'; tRAD (max.). 

10. Either tRRH or ~CH must be satisfied for a Read Cycle to occur. 

11. loFF and taN define the time at which DOUT reaches an open circuit condition and are not referenced to the output 
voltage levels. 

12. lwcs.lwHC' ~D' tAWD and lewD are not restrictive operating parameters. 

13. lwcs (min.) must be satisfied in an Early Write Cycle. 

14. los and loH are referenced to the later occurance of CAS or WE. 

15. Access time is determined by the longest of lcAA, lcAc' or leAp. 

16. tr is measured between V1H (min.) and V1L (max.). AC measurements assume tr = 5 ns. 

17. An initial 200 115 pause and 8 RAS-containing cycles are required when exiting an extended period of bias without 

clocks. An extended period of time without clocks is defined as one that exceeds the specified Refresh Interval. 

18. This is battery backup data retention mode under CAS-before-RAS refresh cycles. 

~c = 125 115 (125 115 x 512 = 64 ms) 
tRAS = tRAS (min.) to 1 115 

Input voltages: RAS and CAS 

WE 

All other inputs at stable 

V1H > V DD - 0.2 V 
V1L <0.2 V 

V1N > V DD - 0.2 V 
V1H orV1L 
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MOSEL-VITELIC V53C100N 

Waveforms of Read Cycle 

~-------,---------IRC(2) ---_--------<~ 

~---------IRAS(l)---------

V1H -' --..,"~-----
RAS V 1L -

DOUT ~~= 

1002 01 

Waveforms of Early Write Cycle 

V1H -
RAS V1L -

V1H -
CAS V 1L -

V1H -
WE V1L -

DOUT ~~= 

.... --------------IRC(2)----------~ 

.... ---------1 RAS (1) 7"". --------+-{ 

~------ IOHR (32) -----

----------HIGH-Z--------------------

100202 
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MOSEL-VITELIC V53C100N 

Waveforms of Read-Modify-Write Cycle 
~----------------------------IRWC(~)------------------~ 

-----,I ~--------------- I RRW (34) ----------------+1 11'-----------.1 

t RWL(41) I-----~ 
ICRP(19) 

V IH --
CAS VIL --

WE 
VIH --
VIL --

DIN 
VIH --
VIL --

D V OH--
OUT V OL -- VALID DATA ----------HIGH-Z------<i 

'--------------------' 1002 03 

Waveforms of RAS-Only Refresh Cycle 

VIH -
RAS V IL --

VIH -
CAS V IL --

DOUT V OH-
VOL --

~----------------------------- IRC (2) ---------------------+1 

~------------------t RAS (1) ----------------~ ----, ~--------~ 

t RP (3) 
14------~ 1 RAH (5) 

-----------HIGH-Z--------------------
100204 
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Waveforms of CA8-before-RAS Refresh Cycle 

V1H -
RAS V 1L -

DOUT VOH -
VOL -

!4---------I RC (2) ---~-------1 

~---IRAS(l)---------

r---------~ ~------~ 

I RP(3) 

I CP (23) 14-----91 1+----1 CHR (45) 

ICSR (44) 

I)-----HIGH-Z-------------------
100205 

Waveforms of Hidden Refresh Cycle (Read) 

V1H -
RAS V1L -

CAS 

V1H -
WE V 1L -

DOUT ~~= 

--~ f4"""--- I RAS (1) ---~ "----",, I""'f----- I RAS (1) ---~ 

I RCD (10) --r4:----i 
IRSH (R)(15) 

I CAA(12) I+------I~ 

1+--- I RAC (11.) --~ 

-----HIGH-Z------(i 

IRP(3) 

I OFF (20) 

VALID DATA 
~---------______ I 

100206 
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Waveforms of Hidden Refresh Cycle (Write) 

--......, t4---- t RAS (1) ----~ ,,.----., i"">----- t RAS (1) ---_ 

tCRP(19) 

t RGD (10) --.r----I 
t RSH (W)(26) 

V1H _ ---b.....-t-t-----""" 
CAS V1L -

V 1H -
V1L -

14----.lt CAH (9) 

VALID DATA 

I+----t DHR (32) ----.I 

'----- t CHR (45) ----I 

DOUT VOH -
VOL -

------------- HIGH-Z ----------------
1002 07 
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MOSEL-VITELIC V53C100N 

Waveforms of Fast Page Mode Read Cycle 

t+-------------I RAS (1) --->-<--------+1 
I RP(3) 

ir---.I 

CAS 

---- HIGH-Z -----(I * 
~ valid Data 

100208 
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MOSEL-VITELIC V53C100N 

Waveforms of Fast Page Mode Write Cycle 

j4-------------1 RAS (1) -------'<>----------+i t+'-::....!:"+t 

CAS 

• 

100209 
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Waveforms of Fast Page Mode Read-Modify-Write Cycle 

14-~--~--~-----IRAS(I) ~l,------"-t 

CAS 

VIH ...:... 
WE VIL.-

1------11 RAe (11) 

DOUT V OH - -- HIGH-Z 
VQL- VALID DATA OUT VALID DATA OUT 

100210 
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Wavefonns of Refresh Counter Test Cycle 

V1H -
RAS V 1L -

V1H -
CAS V1L -

V 1H -
W:: V1L -

DOUT ~~= 

V1H -
WE V1L -

V1H -
V1L -

IRSH(W)(26) ---~ 

1+--- t CHR(43) 

tCSR(44) 

READ CYCLE 

VAUDDATA 

~--.! t RCS (16) 

WRITE CYCLE 

----------HIGH-Z-----++--------------

twcs (28) 1-----1 1----+1 tWCH (29) 

148611 
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FuncUonalDescripUon 

The V53C100N is a CMOS dynamic RAM 
optimized for high data bandwidth, low power 
applications. It is functionally similar to a traditional 
dynamic RAM. The V53C100N reads and writes 
data by multiplexing a 20-bit address into a 1 Q-bit row 
and a 1 Q-bit column address. The row address is 
latched by the Row Address Strobe (RAS). The 
column address flows through an internal address 
buffer and is latched by the Column Address Strobe 
(CAS); Because access time is primanlydependent 
on a valid column address rather than the precise 
time that the CAS edge occurs, the delay from RAS 
to CAS has little effect on the access time. 

Memory Cycle 

A memory cycle is initiated by bringing RAS low. 
Anymemory cycle, once initiated, must not be ended 
or aborted before the minimum tRAS time has expired. 
This ensures proper device operation and data 
integrity. A new cycle must not be initiated until the 
minimum precharge time tRl\;p has elapsed. 

Read Cycle 

A Read ~Ie is performed by holdin~ Write 
Enable (WE) signal high during a RAS/CAS 
operation. The column address must be held for a 
minimunitime specified by tAR. DataOutbecomes 
valid only when tRAC' teAA and teAC are all satisfied. 
As a result, the access time is dependent on the 
timingrelationtihips between tRAC' tCAA and teAC. For 
example; the access time is limited by tCAA when tRAC 
(min.) and teAC (min.) are both satisfied. 

Write Cycle 

A Write cycle is performed by taking WE and CAS 
low during a RAS operation. The column address is 
latched by CAS. The write can be WE controlled or 
CAS controlled depending on whether WE or CAS 
falls later. Consequently, the i~t data must be valid 
at or before the falling edge of WE or CAS, whichever 
occurs last. In a CAS-controlled Write Cycle when 
the leading edge of WE occurs prior to the CAS low 
transition, the output (DouT) pin will be in the High-Z 
state at the beginning of the Write function. Ending 
the Write with RAS or CAS will maintain the output in 
the High-Z state. 

V53C100N 

Refresh Cycle' 

To retain data, 512 Refresh Cycles are required in 
each 8 ms period. There are two ways to Refresh the 
memory: 

1. By selecting all 512 address combinations of 
AO through A8 each 8 ms; a refresh of all rows is 
completed. Any Read, Write, Read-Modify-Wlite 
or RAS-only cycle refreshes the addressed row. 

2. Using a CAS"before-RAS Refresh Cycle. If CAS 
makes a transition from low to high to low after the 
previous cycle and before RAS falls, CA8-before
RAS refresh is activated. The V53C1 OON will use 
the output of an internal 9~bit. counter as the 
source of row addresses and ignore external 
address inputs. 

CAS-before-RAS is a "refresh-only" mode and no 
data access or device selection is allowed. Thus, 
DOUT will remain in the High-Z state during the cycle. 

A CA8-before-RAS counter test mode is provided 
to ensure reliable operation of the internal refresh 
counter. The user can use the counter test mOde to 
write consecutive data patterns (512 Write cycles) 
and then verify the written data by applying 512 
consecutive Head cycles. In this mode, the 

. V53C100N ignores external row/column addresses 
and takes the output from the internal 
counter instead. 

Data Retention Mode 

The V53C 1 OON offers a CMOS standby mode that 
is entered by causing the RAS clock to swing 
between a valid V1L and an "extra high" V1H within 0.2 
V of V DO. While the RAS clock is at the "extra high" 
level, the V53C 1 OON power consumption is reduced 
to the low looslevel. Overall 100 consumption when 
operating in this mode can be calculated as follows: 

Where tRC = Refresh Cycle Time 
tRX = Refresh Interval/512 
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Fast Page Mode Operation 

Fast Page Mode operation permits all 1024 
columns within a selected row of the device to be 
randomly accessed at a high data rate. Maintaining 
RAS low while performing successive CAS cycles 
retains the row address internally and eliminates the 
need to reapply it for each cycle. The column 
address buffer acts as a transparent or flow-through 
latch while CAS is high. 

Thus, access begins at the occurance of a valid 
column address rather than at the falling edge of 
CAS, eliminating tASc and 1r from the critical timing 
path. CAS latches the address into the column 
address buffer and acts as on output enable. 

During Fast Page Mode operation, Read, Write, 
Read-Modify-Write, or Read-Write-Read cycles are 
possible at random addresses within a row. 
Following the initial entry cycle into Fast Page Mode, 
access is leAA or leAP controlled. If the column 
address is valid prior to the rising edge of CAS, the 
access time is determined by the by the CAS rising 
edge. If the column address is valid after the rising 
edge of CAS, the access is timed from the 
occurrance of the valid address and is ~ified by 
tCAA• In both cases, the falling edge of CAS latches 
the address and enables the output. 

Fast Page Mode provides a sustained data rate of 
over 25 MHz for applications that require high data 
rates like bit-mapped graphics or high-speed signal 
processing. The following equation can be used to 
calculate the data rate: 

1,024 
Data Rate = ----

tRC + 1 ,023 x tpc 

Data Output Operation 

The V53C100N Data Output pin (DouT) has a 
three-state capability and is controlled by CAS. 
When CAS is high(~ V1H), the output is in the High-Z 
state. Table 1 summarizes the DOUT states possible 
for various memory cycles. 
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Power On 

After application of the V DO an initial pause of 200 
f.lS is required followed by a minimum of 8 
initialization cycles (any combination of cycles 
containing a RAS clock). Eight initialization cycles 
are required after extended periods of bias without 
clocks (greater than the Refresh Interval). During 
power on, the V DO current requirement of the 
V53C100N is dependent on the input levels of RAS 
and CAS. If RAS is Low during power on, the device 
will go into an active cycle and 100 will exhibit current 
transients. It is recommended that RAS and CAS 
track with V DO or be held at a valid V1H during power 
on to avoid current surges. 

Table 1. V53C100N Data Output 
Operation for Various Cycle Types 

Cycle Type DOUTState 

Read Cycles Data from Addressed 
Memory Cell 

CAS-Controlled Write Higll-Z 
Cycle (Early Write) 

WE-Controlled Write Active, not valid 
Cycle (Late Write) 

Read-Modify-Write Data from Addressed 
Cycles Memory Cell 

Fast Page Mode Read Data from Addressed 
Cycle Memory Cell 

Fast Page Mode Write Higll-Z 
Cycle (Early Write) 

Fast Page Mode Read- Data from Addressed 
Modify-Write Cycle Memory Cell 

RA8-0nly Refresh Higll-Z 

CA5-before-RAS Data remains as in 
Refresh Cycle previous cycle 

CA8-0nly Cycles Higll-Z 



MOSEL-VITELIC V53C104A PRELIMINARY 
HIGH PERFORMANCE, LOW POWER 
256K X 4 BIT FAST PAGE MODE 
CMOS DYNAMIC RAM 

HIGH PERFORMANCE V53C104A 

Max. RAS Access Time. (tRAC) 

Max. Column Address Access Time. (teAA) 

Min. Fast Page Mode Cycle Time. (tpe) 

Min. ReadIWrite Cycle Time. (tRC) 

LOW POWER V53C104AL 

Max. CMOS Standby Current. (1006) 

Features 

• 256K X 4 organization 
• RAS access time: 70, 80, 100 ns 
• Low power dissipation for V53C1 04A-1 0 

• Operating Current-65 rnA max. 
• TTL Standby Current-2.0 rnA max. 

• Low CMOS Standby Current 
• V53C104A-1.5 rnA max. 
• V53C104AL-1.0 rnA max. 

• Read-Modify-Write, RAS-Only Refresh, 
CA5-Before~RAS Refresh capability 

• Common 1/0 
• 512 Refresh cyclesl8 ms 
• On-chip substrate. bias generator 
• Fast Page Mode for a sustained data rate 

greater than 22 MHz 
• Standard packages are 20 pin Plastic DIP and 

26120 pin SOJ 

Description 

The V53C104A is a high speed 262144 x 4 bit 
CMOS dynamic random access memory. Fabri
cated with VICMOS III technology, the V53C104A 
offers a combination of features: Fast Page Mode for 

Dellice Usage Chart 

70170L SO/SOL 10110L 

70ns 80 ns lOOns 

35 ns 40ns 45ns 

45 ns 50 ns 55ns 

130ns 150 ns lOOns 

70L SOL 10L 

1.0mA 1.0mA 1.0mA 

high data bandwidth, fast usable speed, CMOS 
standby current and. on request. extended refresh 
for very low data retention power (V53C1 04AL). 

All inputs and outputs are TTL compatible. Input 
and output capacitances are significantly lowered to 
allow increased system performance. Fast Page 
Mode operation allows random access of up to 512 
(x4) bits within a row with cycle times as short as 45 
ns. Because of static circuitry. the CAS clock is not 
in the critical timing path. The flow-through column 
address latches allow address pipelining while relax
ing many critical system timing requirements for fast 
usable speed. These features make the V53C1 04A 
ideally suited for graphics. digital signal processing 
and high performance computing systems. 

The V53C1 04AL offers a maximum data retention 
power of 5.5 mW when operating in CMOS standby 
mode and performing RAS-only or CA5-before
RAS refresh cycles. For selected V53C104AL de
vices with Refresh Interval longer than 8 ms, consult 
factory. 

Operating Package Outline Access Time (ns) Power 
Temperature Temperature 

Range P K 70 80 100 Low Std. Mark 

O"Cto70·C . . . . . . . Blank 

V53C104A Rev.01 June1990 
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V 5 3 C o 4 A 
Description Pkg. Pin Count 

Plastic DIP P 20 
SOJ K 26120 

Y 
FAMILY 

T-I-TTY-I T 
DEVICE PKG. SPEED TEMP. 

d (IRAlcJ PWR. L BLANK (O·C 10 70·C) 

26120 Lead SOJ Package 
PIN CONFIGURATION 

Top View 

1/01 
1102 
WE 

RAS 
NC 

Absolute Maximum Ratings'" 

Ambient Temperature 
Under Bias .............................. -1 O'C to +80'C 

Storage Temperature (plastic) .... -55'C to + 125'C 
Voltage on any Pin Except VDD 

Relative to Vss ................................. -1.0 Vto +7.0 V 
Voltage on VDD relative to Vss ........ -1.0 V to +7.0 V 
Data Output Current .................................... 50 rnA 
Power Dissipation ......................................... 1 .0 W 

'Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 
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P (PLASTIC DIP) L BLANK (NORMAL) 
K (SOJ) L 

L (LOW POWER) 

-70 (70 ns) 
-80 (80 ns) 
-100 (100 ns) 

20 Lead Plastic DIP 
PIN CONFIGURATION 

Top View 

1101 
110 2 
WE 

RAS 
NC 
AO 
A1 
A2 
A3 

VDD 

Pin Names 

A.-A Address Innuts 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE Write Enable 

OE Output Enable 

1/0 -I/O Data Input, Output 

VDD +5V Supply 

V~Q OV Supply 

NC No Connect 

Capacitance'" 

T A = 25'C, V DO = 5 V ± 10%, V ss = 0 V 

Symbol Parameter Typ. Max. 

CIN' Address Input 3 4 

C IN2 RAS, CAS, WE, OE 4 5 

COUT Data Input/Output 5 7 

, Note: Capacitance is sampled and not 1 00% tested 

Unit 

pF 

pF 

pF 
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Block Diagram 

11 RASCLOCK -I GENERATOR 

VDD~ 

VSS~ 

0--

0--

· · • 
0--

0--

1 .-
REFRESH 
COUNTER 

~).9 
en en "--.-a: a: 
wW 
11.0 
11.0 
::lU r---COw 
eno 
(/)W 
wa: a: 0.. 
00 Oz 
<C<c 

V53C104A 

256Kx4 

L LI CASCLOCK ~I WECLOCK OECLOCK 
I GENERATOR I GENERATOR r---- GENERATOR 

1 
~ 

DATA 1/0 BUS 
1- r--o 
f---- 1/0 --0 

"- COLUMN DECODERS 
BUFFER ---0 

--0 

Vo -va v 

SENSE AMPLIFIERS 

~512X4 
--'-'" 

en Xo-Xa a: ~ ~ 3: w MEMORY 
0 0 
~ ARRAY v a:8 

W 
0 
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DC and Operating Characteristics (1-2) 
T A = D'G to 7D'G, V DD = 5 V ± 10%, V ss = D V, unless otherwise specified. 

V53C104A V53C104Al 
Access 

Symbol Parameter Time Min. Max. Min. Max. Unit Test Conditions Notes 

III Input Leakage Current -10 10 -10 10 JJ.A Vss~ VIN~VOO 
(any input pin) 

ILO Output Leakage Current -10 10 -10 10 JJ.A VSS~VOl1T~VOO 
(for High-Z State) RAS, CAS at V1H 

1001 70 R" Rfi 

V DO Supply Current, 

Operating 80 75 75 rnA tRc = IRC (min.) 1,2 fI 
100 65 65 

1002 V DO Supply Current, RAS, CAS at V IH 

TTL Standby 2.0 2.0 rnA other inputs ~ V ss 

1003 V DO Supply Current, 70 85 85 
RA5-0nly Refresh 

80 75 75 rnA ~c = tRC (min.) 2 

100 6.'i 65 

1004 V 00 Supply Current, 70 65 65 

Fast Page Mode 
80 55 55 rnA Minimum Cycle 1,2 

Operation 
10n 1;0 50 

10DS V DO Supply Current, 3.0 2.0 rnA RAS=V1H, CAS=V1L 
Standby, OUtput Enabled other inputs ~ V ss 

1006 V 00 Supply Current, RAS~Voo--{)·2V, 

1.5 1.0 rnA CAS at V1H all other 

inputs~ Vss 

V1L Input Low Voltage -1.0 0.8 -1.0 0.8 V 3 

V1H Input High Voltage 2.4 Voo+1 2.4 Voo+1 V 3 

VOL Output Low Voltage 0.4 0.4 V IOL =4.2 rnA 

VOH Output High Voltage 2.4 2.4 IOH=-5mA 

2-91 



MOSEL-VITELIC 

AC Characteristics 
T A = O°C to 70°C, V DO = 5 V ±10%, V 55 = OV unless otherwise noted 
AC Test conditions, input pulse levels 0 to 3V 

JEDEC 70/L 
# Symbol Symbol Parameter 

Min. Max. 

1 ~L1RHl ~s RAS Pulse Width 70 75K 

2 ~12R12 ~ Read or Write Cycle Time 130 

3 ~H2R12 'm> RAS Precharge Time 50 

4 IRl1CHl 'csH CAS Hold Time 70 

5 'cL1CHl 'cAs CAS Pulse Width 20 

6 ~L1CLl ~o RAS 10 CAS Deiay 20 50 

7 'wH2C12 ~cs Read Command Selup Time 0 

8 IAVR12 IABA Row Address Setup Time 0 

9 IAL1AX ~ Row Address Hold Time 10 

10 IAVC12 IASC Column Address Setup Time 0 

11 'cL1AX 'cAH Column Address Hold Time 15 

12 'cL1RH1(R) IRSH(R) RAS Hold Time (Read Cycle) 20 

13 'cH2R12 leAp CAS 10 RAS Precharge Time 5 

14 ~ IACH Read Command Hold Time 0 
Referenced 10 CAS 

15 IRH2WX IRRH Read Command Hold Time 0 
Referenced to RAS 

16 taEL1RH2 ~H RAS Hold Time 10 
Referenced to OE 

17 'aL10V 'oAC Access Time from OE 20 

18 'cL10V 'cAc Access Time from CAS 20 

19 ~L10V lRAC Access Time from RAS 70 

20 IAVOV lCAA Access Time from Column 35 
Address 
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BOIL 10/L 
Unit Notes 

Min. Max. Min. Max. 

60 75K 100 75K ns 

150 160 ns 

60 70 ns 

80 100 ns 

20 25 ns 

20 60 25 75 ns 4 

0 0 ns 

0 0 ns 

10 15 ns 

0 0 ns 

15 20 ns 

20 25 ns 

5 10 ns 

0 0 ns 5 

0 0 ns 5 

10 10 ns 

20 25 ns 

20 25 ns 6,7 

80 100 ns 6,8,9 

40 45 ns 6,7, 
10 



MOSEL-VITELIC V53C104A 

AC Characteristics (Cont'd.) 

JEDEC 70/L 801L 1 OIL 
# Symbol Symbol Parameter Unit Notes 

Min. Max. Min. Max. Min. Max. 

21 tCUQX 'u OE or CAS to Low-Z Output 0 0 0 ns 16 

22 tCH2QZ '.iz OE or CAS to High-Z Output 0 20 0 20 0 20 ns 16 

23 tRUAX tAR Column Address Hold Time 55 60 75 ns 
from RAS 

24 tRL'AV ~o RAS to Column Address 15 35 15 40 20 55 ns 11 
Delay Time 

25 'cURH1(W) ~SH(W) RAS or CAS Hold Time 20 20 25 ns • in Write Cycle 

26 'wUCHl 'cwL Write Command to CAS 20 20 25 ns 
Lead Time 

27 'wUCL2 'wcs Write Command Setup Time 0 0 0 ns 12,13 

28 'cUWHl 'wcH Write Command Hold Time 15 15 20 ns 

29 'wUWHl 'wp Write Pulse Width 15 15 20 ns 

30 tRl1WHl 'wcR Write Command Hold Time 55 60 75 ns 
from RAS 

31 'wl1RHl ~L Write Command to RAS 20 20 25 ns 
Lead Time 

32 tOVWL2 'os Data in Setup Time 0 0 0 ns 14 

33 'w110X tOH Data in Hold Time 15 15 20 ns 14 

34 'wl1GL2 'wOH Write to OE Hold Time 20 20 25 ns 14 

35 ~H20X 'oED OE to Data Delay Time 20 20 25 ns 14 

36 ~L2RL2 tAWC Read-Modify-Write 185 205 245 ns 
(RMW) Cycle Time 

37 tRL1AHl tRRW Read-Modify-Write Cycle 125 135 165 ns 
(RMW) RAS Pulse Width 

38 tCl1WL2 'cwo CAS to WE Delay 50 50 60 ns 12 
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AC Characteristics (Cont'd.) 

JEDEC 701L SOIL 1 OIL 
# Symbol Symbol Parameter Unit Notes 

Min. Max. Min. Max. Min. Max. 

39 ~L1WL2 ~D RAS to WE Delay in 100 110 135 ns 12 
Read-Modify-Write Cycle 

40 foL1CHl foRW CAS Pulse Width (RMW) 75 75 90 ns 

41 tAVWL2 tAWD Col. Address to WE Delay 65 70 80 ns 12 

42 fol2Cl2 tpe Fast Page Mode 45 50 55 ns 
Read or Write Cycle Time 

43 foH2Cl2 fop CAS Precharge Time 10 10 10 ns 

44 tAVAHl feAA Column Address to RAS 35 40 45 ns 
Setup Time 

45 ~v feAp Access Time from 40 45 50 ns 7 
Column Precharge 

46 ~L1DX tOHA Data in Hold Time 55 60 75 ns 
Referenced to RAS 

47 foL1Al2 fcsA CAS Setup Time 10 10 10 ns 
CA8-before-RAS Refresh 

48 tAH2CL2 tAPe RAS to CAS Precharge Time 10 10 10 ns 

49 tALI CHI foHA CAS Hold Time 30 30 30 ns 
CAS-before-RAS Refresh 

50 fol2cl2 ~M Fast Page Mode Read- 95 100 115 ns 
(RMW) Modify-Write Cycle Time 

lr lr Transition Time 3 50 3 50 3 50 ns 15 
(Rise and Fall) 

~I Refresh Interval 8 8 8 ms 17 

(512 Cycles) 
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Notes: 
1. IDD is dependent on output loading when the device output is selected. Specified IDD (max.) is measured with the 

output open. 

2. IDD is dependent upon the number of address transitions. Specified IDD (max.) is measured with a maximum of two 
transitions per address cycle in Fast Page Mode. 

3. Specified V1L (min.) is steady state operating. During transitions, V1L (min.) may undershoot to -1.0 V for a period 
not to exceed 20 ns. All AC parameters are measured with V1L (min.) <: V ss and V1H (max~) :!> V DD. 

4. tRCD (max.) is specified for reference only. Operation within ~CD (max.) limits insures thattRAc (max.) andtcAA (max.) 
can be met. If tRCD is greater than the specified tRCD (max.), the access time is controlled by tCAA and IeAC. 

5. Either tRRH or ~CH must be satisified for a Read Cycle to occur. 

6. Measured with a load equivalent to two TTL inputs and 100 pF. 

7. Access time is determined by the longest of k,leAC and leAp. 

8. Assumes that~AD :!>~AD (max.).lf~AD is greater than tRAD (max.), ~c will increase by the amountthat~AD exceeds 
~D(max.). 

9. Assumesthat~cD :!>tRCD (max.).lf~CD isgreaterthan tRCD (max.), tRAC will increasebytheamountthat~cD exceeds 

~CD (max.). 

10. Assumes that tRAD <: ~AD (max.). 

11. Operation within the tRAD (max.) limit ensures that tRAC (max.) can be met. tRAD (max.) is specified as a reference 
point only. If tRAD is greater than the specified ~AD (max.) limit, the access time is controlled by k and !cAc. 

12. Iwcs' ~WD' tAWD and tewD are not restrictive operating parameters. 

13. Iwcs (min.) must be satisfied in an Early Write Cycle. 

14. los and tDH are referenced to the latter occurrence of CAS or WE. 

15. 1r is measured between V1H (min.) and V1L (max.). AC-measurements assume 1r = 5 ns. 

16. Assumes a three-state test load (5 pF and a 380 Ohm Thevenin equivalent). 

17. An initial 200 jl.S pause and 8 RAS-containing cycles are required when exiting an extended period of bias without 
clocks. An extended period of time without clocks is defined as one that exceeds the specified Refresh Interval. 
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Waveforms of Read Cycle 

RAS ~H -

1+------------IRC(2)---------t 
14---------IRAS(1)-----~ 

------,i 1+----IAR (23)-----<.; j,...----....,.-----
V1L -

1+------ICSH (4)--+-----t 
-I4----.l 

CAS 
VIH -

V1L -

ADDRESS 
V1H -

V1L -

WE 
V1H -

V1L -

OE V1H -

V1L -

I/O 
VOH-

VOL -
67601 

Waveforms of Early Write Cycle 

RAS 
V1H -

V1L -

VIH-
CAS 

V1L -

V1H -
ADDRESS 

V1L -

V1H -
WE 

V1L -

OE 
V1H -

V1L -

'. ,~" ~ 
V1H -

1/0 

los (32) 114- 1* IOH (33) 

V1L -
VALID DATA-IN -------HIGH-Z --------

67602 
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Waveforms of OE-Controlled Write Cycle 

tRC (2) 

tRAS (1) 

V 1H - tAR (23) 

RAS 
V 1L -

VIH -
CAS 

V 1L -

ADDRESS 
V 1H -

V 1L -

V 1H -
WE 

V 1L -

OE 
V 1H -

V 1L -

I/O 
V 1H -

V 1L -

67603 

Waveforms of Read-Modify-Write Cycle 

RAS 
"IH -

V1L -

VIH -
CAS 

V1L -

ADDRESS 
V1H -

V1L -

WE 
V1H -

V1L -

OE 
V1H -

V1L -

I/O 
V1H 

V1L 

t--------------tRWC(36)-----------i 

14----------tRRW (37) ---------.-j t-----<*-tRP (3) 

1----- tAR (23) 

t-------tCSH(4)---~-------~ 

--+o-----,---tRSH (W)(25)--------'--I 
J..--+I---.-.,;...;.". ..... fool-----'---tCRW(40)--------I ,-1-+--", 

t RAD (24) 
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Waveforms of Fast Page Mode Read Cycle 

RAS 

ADDRESS 

WE 

OE 

110 

VIH -

VIL -

VIH -

V IL -

VIH~ 

V IL -

VOfl

VOL-

Waveforms of Fast Page Mode Write Cycle 

ADDRESS 

WE 
VIH -

V IL -

OE 
VIH -

VIL -

110 
VIH -

VIL -

V53C104A 

67605 
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Waveforms of Fast Page Mode Read-Write Cycle 

RAS 

CAS 

ADDRESS 
V1H -

V1L -

WE 
V1H -

V1L -

V1H -
OE 

V1L -

1/0 VI/OH -

VI/OL -

Waveforms of RAS-Only Refresh Cycle 

r----------tRC(2)---------_ 

RAS 
VIH-

-------1t--------tRAS(l)--------i~---_1 

V 1L -

CAS 
V 1H -

V 1L -

ADDRESS 
V 1H -

V 1L -

NOTE: WE, 6E = Don't care 
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Waveforms of CA8-before-RAS Refresh Cycle 

14------ I RC(2)-----------------.j 

I/O 

VIH

V IL -

14-----1 RAS(1) -------+1 t RP(3) 

~----------1 ~-----------1 

V IH -

V IL -

1 HZ (22) --foI>--'-! 

NOTE: WE. BE. Ao-A7 =Don~care 

14----- ICHR (49) ------t 
t CSR (47) 

675 rrT 

Waveforms of Hidden Refresh Cycle (Read) 

RAS 
VIH-

V IL -

V IH .....;. 
CAS 

V IL -

ADDRESS 
V IH -

V IL -

WE 
V 1H -

V 1L -

OE 
V 1H -

V 1L -

VOH-
I/O 

VOL -
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Waveforms of Hidden Refresh Cycle (Write) 

VIH-
RAS 

V 1l -

CAS 
V 1H -

V 1l -

ADDRESS 
V 1L -

WE 
V 1H -

V 1l -

V 1H -
OE 

V 1L -

V 1H -
I/O 

V 1L - @ '~ XXX ~lIDD~XXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
IDHR (48) 676 11 
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Waveforms of CA8-before-RAS Refresh Counter Test Cycle 

RAS 
VIH-

V IL -

CAS 
VIH -

V IL -

ADDRESS 
V IH -

V IL -

WE 
VIH -

V IL -

OE 
V IH -

V IL -

I/O 
VIH -

V IL -

WE 
V IH -

V IL -

OE 
VIH -

V IL -

I/O 
VIH -

DIN 
V IL - 67612 
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Functional Description 

The V53C104A is a CMOS dynamic RAM opti
mized for high data bandwidth, low power applica
tions. It is functionally similar to a traditional dynamic 
RAM. The V53C104A reads and writes data by 
multiplexing an 18-bit address into a 9-bit row and a 
9-bit column address. The row address is latched by 
the Row Address Strobe (RAS). The column address 
''flows through" an internal address buffer and is 
latched by the Column Address Strobe (CAS). Be
cause access time is primarily dependent on a valid 
column address rather than the precise time that the 
CAS edge occurs, the delay time from RAS to CAS 
has little effect on the access time. 

Memory Cycle 

A memory cycle is initiated by bringing RAS low. 
Any memory cycle, once initiated, must not be ended 
or aborted before the minimum tRAS time has expired. 
This ensures proper device operation and data integ
rity. A new cycle must not be initiated until the 
minimum precharge time tRpftCP has elapsed. 

Read Cycle 

A Read cycle is performed by holding the Write 
Enable (WE) signal High during a RAS/CAS opera
tion. The column address must be held for a mini
mum specified by tAR" Data Out becomes valid only 
when tOAC ' tRAC ' tCAA and tCAC are all satisifed. As a 
result, the access time is dependent on the timing 
relationships between these parameters. For ex
ample, the access time is limited by tCAA when tRAC ' 
tCAC and tOAC are all satisfied. 

Write Cycle 

A Write Cycle is performed by taking WE and CAS 
low during a RAS operation. The column address is 
latched by CAS. The Write Cycle can be WE con
trolled or CAS controlled depending on whether WE 
or CAS falls later. Consequently, the input data must 
be valid at or before the falling edge of WE or CAS, 
whichever occurs last. In the CAS-controlled Write 
Cycle, when the leading edge of WE occurs prior to 
the CAS low transition, the I/O data pins will be in the 
High-Z state at the beginning of the Write function. 

V53C104A 

Ending the Write with RAS or CAS will maintain the 
output in the High-Z state. 

In the WE controlled Write Cycle, OE must be in 
the high state and tOED must be satisfied. 

Refresh Cycle 

To retain data, 512 Refresh Cycles are required in 
each 8 ms period. There are two ways to refresh the 
memory: 

1. By clocking each of the 512 row addresses (Ao 
through As) with RAS at least once every 8 ms. 
Any Read, Write, Read-Modify-Write or RAS-only 
cycle refreshes the addressed row. 

2. Using a CAS-before-RAS Refresh Cycle. If CAS 
makes a transition from low to high to low after the 
previous cycle and before RAS falls, CAS-before
RAS refresh is activated. The V53C1 04A uses the 
output of an internal9-bit counter as the source of 
row addresses and ignore external address in
puts. 

CAS-before-RAS is a "refresh-only" mode and no 
data access or device selection is allowed. Thus, the 
output remains in the High-Z state during the cycle. 
A CAS-before-RAS counter test mode is provided to 
ensure reliable operation of the internal refresh 
counter. 

Data Retention Mode 

The V53C1 04A offers a CMOS standby mode that 
is entered by causing the RAS clock to swing be
tween a valid V1L and an "extra high" V1H within 0.2 V 
of V DO. While the RAS clock is at the "extra high" 
level, the V53C1 04A power consumption is reduced 
to the low 1006 level. Overall 100 consumption when 
operating in this mode can be calculated as follows: 

(tRC) x (1 001 ) + (tRX-tRC) x (1006) 

1= 

Where: tRC = Refresh Cycle Time 
tRX = Refresh Interval / 512 
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Fast Page Mode Operation 

Fast Page Mode operation permits all 512 col
umns within a selected row of the device to be 
randomly accessed at a high data rate. Maintaining 
RAS low while performing successive CAS cycles 
retains the row address internally and eliminates the 
need to reapply itfor each cycle. The column address 
buffer acts as a transparent or flow-through latch 
while CAS is high. Thus, access begins from the 
occurrence of a valid column address rather than 
from the falling edge of CAS, eliminating tASC and 1r 
from the critical timing. path. CAS latches the address 
into the column address buffer and acts as an output 
enable. During Fast Page Mode operation, Read, 
Write, Read-Modify-Write or Read-Write-Read 
cycles are possible at random addresses within a 
row. Following the initial entry cycle into Fast Page 
Mode, access is lcAA or tCAP controlled. If the column 
address is valid prior to the rising edge of CAS, the 
access time is referenced to the CAS rising edge 
and is specified by teAp• If the column address is valid 
after the riSing CAS edge, access is timed from the 
occurrence of a valid address and is specified by 
lcAA. In both cases, the falling edge of CAS latches 
the address and enables the output. 

Fast Page Mode provides a sustained data rate of 
over 22MHz for applications that require high data 
rates such as bit-mapped graphics or high-speed 
signal processing. The following equation can be 
used to calculate the maximum data rate: 

512 
Data Rate = -,-_~,.--,,-

tRC + 511 X tpc 

Data Output Operation 

The V53C1 04A Input/Output is controlled by OE, 
CAS, WE and RAS. A RAS low transition enables the 
transfer of data to and from the selected row address 
in the Memory Array. A RAS high transition disables 
data transfer and latches the output data if the output 
is enabled. After a memory cycle is initiated with a 
RAS low transition, a CAS low transition or CAS low 
level enables the· internal I/O path. A CAS high 
transition or a CAS high level disables the I/O path 
and the output driver if it is enabled. A CAS low 
transition while HAS is high has no effect on the I/O 
data path or on the output drivers. The output drivers, 
when otherwise enabled, can be disabled by holding 

V53C.104A 

OE high. The OE signal has no effect on any data 
stored in the output latches. A WE low level can also 
disable the output drivers when CAS is low. During a 
Write cycle, if WE goes low at a time in relationship 
to CAS that would normally cause the outputs to be 
active, it is necessary to use OE to disable the output 
drivers prior to the WE low transition to allow Data In 
Setup Time (tos) to be satisfied. 

Power-On 

After application of the V DO supply, an initial pause 
of 200 JlS is required followed by a minimum of 8 
initialization cycles (any combination of cycles con
taining a RAS clock). Eight initialization cycles are 
required after extended periods of bias without 
clocks (greater than the Refresh Interval). 

During power on, the V DO current requirement of 
the V53C104A is dependent on the input levels of 
RAS and CAS. If RAS is low during Power-On, the 
device will go into an active cycle and 100 will exhibit 
current transients. It is recommended that RAS and 
CAS track with V DO or be held at a valid V1H during 
Power-On to avoid current surges. 
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Table 1. V53C104A Data Output 
Operation for Various Cycle Types 

Cycle Type I/O State 

Read Cycles Data from Addressed 
Memory Cell 

CAS-Conlrolled Write High-Z 
Cycle (Early Write) 

WE-Controlled WrHe OE Controlled. High 
Cycle (Late WrHe) OE = High-Z IlOs 

Read-Modify-WrHe Data from Addressed 
Cycles Memory Cell 

Fast Page Mode Data from Addressed 
Read Memory Cell 

Fast Page Mode WrHe High-Z 
Cycle (Early WrHe) 

Fast Page Mode Read- Data from Addressed 
Modify-Write Cycle Memory Cell 

RA8-0nly Refresh High-Z 

CAS-before-RAS Data remains as in 
Refresh Cycle previous cycle 

CA8-0nly Cycles High-Z 



MOSEL-VITELIC V53C104F PRELIMINARY 
HIGH PERFORMANCE, LOW POWER 
256K X 4 BIT FAST PAGE MODE 
CMOS DYNAMIC RAM 

HIGH PERFORMANCE V53C104F 

Max. RAS Access Time, (tRAC) 

Max. Column Address Access Time, (lcAA) 

Min. Fast Page Mode Cycle Time, (tpc) 

Min. ReadIWrite Cycle Time, (tRC) 

LOW POWER V53C104FL 

Max. CMOS Standby Current, (Ioos) 

Features 
• 256K x 4 Organization 
• RAS access time: 60,70,80 ns 
• Low power dissipation for V53C1 04F-80 

• Operating Current - 70 mA max. 
• TTL Standby Current - 2.0 mA max. 

• Low CMOS Standby Current 
• V53C1 04F - 1.0 mA max. 
• V53C1 04FL - 0.2 mA max. 

• Read-Modify-Write, RAS-Only Refresh, 
CA8-Before-RAS Refresh capability. 

• Common I/O capability 
• Refresh Interval 

• V53C104F - 512 cycles/8ms 
• V53C1 04FL - 512 cycles/64ms 

• Fast Page Mode for a sustained data rate 
greater than 25 MHz 

• Standard packages are 20 pin Plastic DIP and 
26120 pin SOJ 

• Low Battery Back-up Current 
• V53C1 04FL - 300 ~ max. 
• 200 ~ max. available on request 

Device Usage Chart 

Operating Package Outline 
Temperature 

Range P K 60 

O·Cto 70·C . . . 
V53C104F Rev. 01 Janus ry 1993 

SO/SOL 70170L 80/80L 

60 ns 70 ns 80 ns 

30 ns 35 ns 40 ns 

40ns 45ns 50ns 

120ns 130ns 150ns 

SOL 70L 80L 

2001lA 2001lA 2001lA 

Description 

The V53C104F is a high speed 262,144 x 4 bit 
CMOS dynamic random access memory. The 
V53C104F offers a combination of features: Fast 
Page Mode for high data bandwidth, fast usable 
speed, CMOS standby current and, on request, 
extended refresh for very low data retention power 
(V53C104FL). 

All inputs and outputs are TIL compatible. Input 
and output capacitances are significantly lowered to 
allow increased system performance. Fast Page 
Mode operation allows random access of up to 512 
(x4) bits within a row with cycle times as short as 40 
ns. Because of static circuitry, the CAS clock is not 
in the critical timing path. The flow-through column 
address latches allow address pipelining while relax
ing many critical system timing requirements for fast 
usable speed. These features make the V53C1 04F 
ideally suited for graphics, digital signal processing 
and high performance computing systems. 

The V53C1 04FL offers a maximum data retention 
power of 1.65 mW when operating in CMOS standby 
mode and performing CAS-before-RAS refresh 
cycles. 

Access Time (n5) Power 
Temperature 

70 80 Low Std. Mark . . . . Blank 
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V 5 3 C 

Description Pkg. Pin Count 

Plastic DIP P 20 

SOJ K 26/20 

26120 Lead SOJ Package 
PIN CONFIGURATION 

Top View 

1/01 
1102 
WE 

RAS 
NC 

Absolute Maximum Ratings" 

Ambient Temperature 

Vss 
1104 
1103 
~ 
OE 

Y 
FAMILY 

Under Bias ............................. -10°C to +80°C 
Storage Temperature (plastic) .... -55°C to + 125°C 
Voltage Relative to Vss ....................... -1.0 V to +7.0 V 
Voltage on Voo relative to Vss ........ -1.0 V to +7.0 V 
Data Output Current ..........•..................... : ... 50 mA 
Power Dissipation ......................................... 1 .0 W 

·Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 

V53C104F 

o 4F 

DEVICE PKG SPEED TEMP. 

-, -1--1 -I y-, -I 
P (PLASTIC DIP) d . (tRAlC) PWL: L BLANK (OOC to 700C) 

K (SOJ) L ~~~;W :;:)l) 
60 (60 ns) 
70 (70 ns) 
80 (80 ns) 

20 Lead Plastic DIP 
PIN CONFIGURATION 

Top View 

110. 
1102 

WE 
RAS 

NC 
AO 
Al 
A2 
A3 

VOD 

Pin Names 

Aa-Ae Address Inputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE Write Enable 

OE Output Enable 

1101-1104 Data Input, Output 

Voo +5V Supply 

Vss OV Supply 

NC No Connect 

Capacitance" 

TA = 25°C, Voo = 5 V ± 10%, Vss = 0 v 
Symbol Parameter Typ. Max. 

C1N1 Address Input - !l 

C1N2 RAS, CAS, WE, OE - 7 

COUT Data Input/Output - 7 

• Note: Capacitance is sampled and not 100% tested 
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Block Diagram 

-:~ 
RAS a-r I RASCLOCK 

-I GENERATOR 

Voo a--

Vss a---

1 
REFRESH 
COUNTER 

"'j.e 
CJ)CJ) 
a: a: 
wW 
11.0 
11.0 =>u 
mw 
CJ)O 
CJ)W 
wa: 
a:c.. 
00 
Oz 
<(.ce 

~ 

~ ...... 

'--

V53C104F 

256Kx4 

L L LI CASCLOCK -I WECLOCK OECLOCK 
I GENERATOR I GENERATOR - GENERATOR 

1 

~ 
DATA 1/0 BUS - --<> - 1/0 --0 

... COLUMN DECODERS 
BUFFER ---0 

--0 

Vo -va " 
SENSE AMPLIFIERS 

J512X4 

t---
CJ) xo-xa a: 512 

~ 3 W ~ MEMORY 
0 0 -V ARRAY v a:8 

w 
0 
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DC and Operating Characteristics (1-2) 
T A = O"C to 70·C, V DO = 5 V ± 10%, V SS = 0 V, unless otherwise specified. 

V53C104F V53C104FL 
Access 

Symbol Parameter Time Min. Max. Min. Max. Unit Test Conditions Notes 

lu Input Leakage Current -10 10 -10 10 !1A Vss:5 VIN :5VOO 

(any input pin) 

ILO Output Leakage Current -10 10 -10 10 !1A Vss:5 VOLrr :5 Voo 
(for High-Z State) RAS, CAS at V IH 

60 90 90 

1001 V DO Supply Current, 
70 80 80 rnA tAC - tAc (min.) 1,2 

Operating 
80 70 70 

1002 V DO Supply Current, RAS, CAS at VIH 
TTL Standby 2.0 2.0 rnA other inputs <! V ss 

60 90 90 
V DO Supply Current, 

1003 RA5-0nly Refresh 70 80 80 rnA ~c = tAC (min.) 2 

80 70 70 

V 00 Supply Current, 60 80 80 

IOD4 
Fast Page Mode 70 70 70 rnA Minimum Cycle 1,2 
Operation 

80 60 60 

1005 Standby. Output Enabled 3.0 2.0 rnA RAS=VIH• CAS=VIL 1 

other inputs <! V ss 

IOD6 V 00 Supply Current RAS <! Voo -0.2 V, 
CMOS Standby 1.0 0.2 rnA CAS <! Voo -0.2 V 

other input <! V ss 

VIL Input Low Voltage -1.0 0.8 -1.0 0.8 V 3 

VIL Input High Voltage 2.4 Voo+l 2.4 Voo+l V 3 

VOL Output Low Voltage 0.4 0.4 V IOL=4.2mA 

VOH Output High Voltage 2.4 2.4 10H = -5 rnA 
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AC Characteristics 
T A" O°C to 700C, V 00 = 5 V ±1 0%, V ss = OV unless otherwise noted 
AC Test conditions, input pulse levels 0 to 3V 

JEDEC 60/L 
# Symbol Symbol Parameter 

Min. Max. 

1 tRL1RHl ~s RAS Pulse Width 60 75K 

2 tRL2RL2 'AC Read or Write Cycle Time 120 

3 ~H2RL2 'RP RAS Precharge Time 50 

4 ~lCHl 'csH CAS Hold Time 60 

5 fct.1CHl 'cAS CAS Pulse Width 15 

6 ~lCl1 'ACO RAS '0 CAS Delay 20 45 

7 ~L2 'ACS Read Command Se'up Time 0 

8 'AVRL2 'ASR Row Address Setup Time 0 

9 ~lAX 'RAH Row Address Hold Time 10 

10 'AVCL2 'ASe Column Address Setup Time 0 

11 'cL1AX leAH Column Address Hold Time 15 

12 'cllRH1(R) ~SH(R) RAS Hold Time (Read Cycle) 15 

13 'cH2RL2 'cRP CAS '0 RAS Precharg9 Time 5 

14 'cH2WX ~ Read Command Hold Time 0 
Referenced to CAS 

15 ~H2WX tRRH Read Command Hold Time 0 
Referenced to RAS 

16 taEL1RH2 tROH RAS Hold Time 10 
Referenced to OE 

17 'GL1QV taAC Access Time from OE 15 

18 'c1l0V 'cAC Access Time from CAS 15 

19 'R1l0V 'RAC Access Time from RAS 60 

20 'AVOV 'eM Access Time from Column 30 
Address 
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70/L BOIL 
Unit Notes 

Min. Max. Min. Max. 

70 75K 80 75K ns 

130 150 ns 

50 60 ns 

70 80 ns 

20 20 ns 

20 50 20 60 ns 4 

0 0 ns 

0 0 ns 

10 10 ns 

0 0 ns 

15 15 ns 

20 20 ns 

5 5 ns 

0 0 ns 5 

0 0 ns 5 

10 10 ns 

20 20 ns 

20 20 ns 6,7 

70 80 ns 6,8,9 

35 40 ns 6,7, 
10 
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AC Characteristics (Cont'd.) 

JEDEC 601L 701L 801L 
# Symbol Symbol Parameter Unit Notes 

Min. Max. Min. Max. Min. Max. 

21 ia.1QX \z OE or CAS 10 Low-Z Output 0 0 0 ns 16 

22 IcH2QZ \iz OE or CAS to High-Z Output 0 20 0 20 0 20 ns 16 

23 IRL1 A)( tAR Column Address Hold Time 50 55 60 ns 
fromRAS 

24 tRl.1AV ~o RAS to Column Address 15 30 15 35 15 40 ns 11 
Delay Time 

25 IcL1RH1(W) tASH (W) RAS or CAS Hold Time 15 20 20 ns 
in Write Cycle 

26 iwtlcHl 'cwL Write Command to CAS 15 20 20 ns 

Lead Time 

27 iwtlC12 'wcs Write Command Setup Time 0 0 0 ns 12,13 

28 IcL1WHl 'wcH Write Command Hold Time 10 15 15 ns 

29 'wL1WHl 'wp Write Pulse Width 10 15 15 ns 

30 ~L1WHl 'wcR Write Command Hold Time 50 55 60 ns 
fromRAS 

31 iwtlRHl ~L Write Command to RAS 15 20 20 ns 
Lead TIme 

32 iovw12 los· Data in Setup Time 0 0 0 ns 14 

33 iwt1DX ioH Data in Hold Time 15 15 15 ns 14 

34 'wL1G12 'waH Write to OE Hold Time 15 20 20 ns 14 

35 ~H20X 1aEO OE to Data Delay Time 15 20 20 ns 14 

36 ~12R12 tRWC Read-Modify-Write 170 185 205 ns 
(RMW) Cycle Time 

37 ~lRHl ~RW Read-Modify-Write Cycle 105 125 135 ns 
(RMW) RAS Pulse Width 

38 IcLlw12 ~o CAS to WE Delay 40 50 50 ns 12 
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AC Characteristics (Cont'd.) 

JEDEC 60/L 70/L SOIL 
# Symbol Symbol Parameter Unit Notes 

Min. Max. Min. Max. Min. Max. 

39 tRl.1W12 ~o RAS to WE Delay in 85 100 110 ns 12 

Read-Modify-Write Cycle 

40 icL1CHl icRW CAS Pulse Width (RMW) 65 75 75 ns 

41 tAVW12 tAWO Col. Address to WE Delay 60 65 70 ns 12 

42 tCL2C12 ~ Fast Page Mode 40 45 50 ns 
Read or Write Cycle Time 

43 icH2C12 Iep CAS Precharge Time 10 10 10 ns • 
44 tAVRHl icAR Column Address to RAS 30 35 45 ns 

Setup Time 

45 icH2QV ~p Access Time from 35 40 45 ns 7 

Column Precharge 

46 ~Ll0X !aHR Data in Hold Time 50 55 60 ns 
Referenced to RAS 

47 icL1R12 IcsR CAS Setup Time 10 10 10 ns 
CAS-before-RAS Refresh 

48 ~H2C12 tRPC RAS to CAS Precharge Time 10 10 10 ns 

49 ~L1CHl icHR CAS Hold Time 30 30 30 ns 
CAS-before-RAS Refresh 

50 icL2C12 ~M Fast Page Mode Read- 85 95 100 ns 
(RMW) Modify-Write Cycle Time 

~ ~ Transition Time 3 50 3 50 3 50 ns 15 
(Rise and Fall) 

tREF Refresh Interval 8 8 8 ms 17 
(512 Cycles) 

tREF Refresh Interval 64 64 64 ms 17,18 

V53Cl 04FL Only 

(512 Refresh cycles, tRC=125 f1S) 
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1. '00 is dependent on output loading when the device output is selected. Specified '00 (max.) is measured with the 
output open. 

2. '00 is dependent upon the number of address transitions. Specified '00 (max.) is measured with a maximum of two 
transitions per address cycle in Fast Page Mode. 

3. Specified V1L (min.) is steady state operating. During transitions, V1L (min.) may undershoot to -1.0 V for a period 
not to exceed 20 ns. All AC parameters are measured with V1L (min.) ~ V ss and V1H (max.) s; V DO. 

4. tRCO (max.) is specified for reference only. Operation within tRCO (max.) limits insures that~Ac (max.) and lcAA (max.) 
can be met. If ~co is greater than the specified ~co (max.), the access time is controlled by lcAA and leAc. 

5. Either ~RH or ~CH must be satisified for a Read Cycle to occur. 

6. Measured with a load equivalent to two TTL inputs and 100 pF. 

7. Access time is determined by the longest of tCAA,leAc and leAp. 

S. Assumes that ~AO S;~AO (max.).lf~Ao is greater than ~AO (max.), ~AC will increase by the amountthat~Ao exceeds 
~AO (max.). 

9. Assumes that~co S;~co (max.).lf~co is greater than ~co (max.), ~c will increase bytheamountthat~co exceeds 
~co (max.). 

10. Assumes that tRAO ~ ~AO (max.). 

11. Operation within the ~o (max.) limit ensures that ~c (max.) cen be met. ~o (max.) is specified as a reference 
point only. If tRAO is greater than the specified ~AO (max.) limit, the access time is controlled by lcAA and leAc. 

12. fwcs' tRWO' tAWO and tewo are not restrictive operating parameters. 

13. lwcs (min.) must be satisfied in an Early Write Cycle. 

14. los and loH are referenced to the latter occurrence of CAS or WE. 

15. 1r is measured between V1H (min.) and V1L (max.). AC-measurements assume 1r = 5 ns. 

16. Assumes a three-state test load (5 pF and a 3S0 Ohm Thevenin equivalent). 

17. An initial 200 lIS pause and S RA8-containing cycles are required when exiting an extended period of bias without 
clocks. An extended period of time without clocks is defined as one that exceeds the specified Refresh Interval. 

1S. This is battery backup data retention mode under CAS before RAS refresh cycles. 

~c = 125 lIS (125 lIS x 512 = 64 ms) 

~AS = ~AS (min) to 1 lIS 

Input voltages: RAS and CAS 

WE and OE 

V1H >VOO -0.2 V 

V1L <0.2V 

V1N > Voo - 0.2 V 

All other inputs at stable V1H or V1L 
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Waveforms of Read Cycle 

RAS V'H -

V'L -

CAS 
V'H -

V'L -

ADDRESS 
V'H -

V'L -

WE 
V,H -

V,L -

OE 
V,H -

V,L -

110 
VOH-

VOL -

1+-------------tRC(2)---------.! 
1+----------tRAS (1)------+1 

------1 ~--- tAR (23)-----.j .r----T'------

1+------ tCSH (4) --+-------.j 
-+-----.1 

67601 

Waveforms of Early Write Cycle 

RAS 
V,H -

V ,L -

V,H -
CAS 

V ,L -

ADDRESS 
V ,H -

V ,L -

WE 
V ,H -

V ,L -

OE 
V ,H -

V ,L -

1/0 
V ,H -

V ,L -

1+------------- t RC (2)----------I 
1+--------tRAS(1)--------<~ 

--------,i 1-01---- tAR (23) -----i~ ..\,.-----1 

VALID DATA-IN ~------HIGH-Z --------

67602 
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Wavefonns of OE-Controlled Write Cycle 

IRC(2) 

IAR (23) 
IRAS(t) 

V tH -
RAS 

V 1L -

VIH-
CAS 

V 1L -

V 1H -
ADDRESS 

V 1L -

V 1H -
WE 

V 1L -

OE V 1H -

V 1L -

V 1H -
I/O 

V 1L -

Wavefonns of Read-Modify-Write Cycle 

RAS ~H -

V1L -

litH -
CAS 

V1L -

ADDRESS 
V1H -

V1L -, 

WE 
V1H -

V1L ~ 

OE 
V1H -

V1L -

I/O 
V1H 

V1L 

1-------------, IRlliC(36)---------+I 
J4--------'--IRRW (37) ---------+1 
J4----IAR (23) 

I--------ICSH (4)-, -----------+1 
-~>---_:_--IRSH (W)(25)-------'---I 

.r---Hf---~"r"\ ICRW (40)-------+1 r+-+----.. 

I RAD (24) 
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Waveforms of Fast Page Mode Read Cycle 
~-----------------------t~(I)------------------~ 

VIH

V IL -

------~ 1-----1 
RAS 

CAS 

ADDRESS 

WE 

OE 

I/O 

VIH -

V IL -

VIH -

V IL -

VIH -

V IL -

VIH -

V IL -

Waveforms of Fast Page Mode Write Cycle 

ADDRESS 

WE 
VIH -

V IL -

OE 
VIH -

VIL -

I/O 
VIH -

VIL -

67605 
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Waveforms of Fast Page Mode Read-Write Cycle 

WE 
V1H -

V1L -

OE 
V1H -

V1L -

Waveforms of RA8-0nly Refresh Cycle 

t-----------IRC(2)----------~ 

RAS 
VIH~ 

..... -------IRAS(l)---------o-t ..t~---i 

V 1L -

CAS 
V 1H -

V 1L -

ADDRESS 
V 1H -

V 1L -
157908 

NOTE: WE,6E = Don' care 
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Waveforms of CAS-before-RAS Refresh Cycle 

t-------1RC (2) --------------~ 

RAS 
VIH-

1-----IRAS(I) --------1 
Z-----------1 Z-----------1 

'RP(3) 

V 1L -

ICSR (47) 
ICHR (49) 

CAS 
V 1H -

V 1L -

I HZ (22) 

I/O 
V OH-

V OL -

NOTE: WE, CE, AO-A7 = Don'c;are 

675 07 • 
Waveforms of Hidden Refresh Cycle (Read) 

RAS 
VIH-

V 1L -

V 1H -
CAS 

V 1L -

ADDRESS 
V 1H -

V 1L -

WE 
V1H -

V 1L -

BE 
V 1H -

V 1L -

VOH-
110 

V OL -
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Wavefonns of Hidden Refresh Cycle (Write) 

VIH-
RAS 

V 1L -

CAS 
V 1H -

V 1L -

ADDRESS 
V 1L -

WE 
V 1H -

V 1L -

DE 
V 1H -

V 1L -

'~~ '~ XXXXX ~LlDD~lXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
t DHR (46) 676 11 

V 1H -
I/O 

V 1L -
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Waveforms of CA5-before-RAS Refresh Counter Test Cycle 

RAS VIH-

V 1L -

CAS 
V 1H -

V 1L -

ADDRESS 
V 1H -

V 1L -

WE 
V1H -

V 1L -

BE V 1H -

V 1L -

110 
V 1H -

V 1L -

WE 
V 1H -

V 1L -

BE 
V 1H -

V 1L -

110 
V 1H -

V 1L - 148612 
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FuncnonalDescripffon 

The V53C104F is a CMOS dynamic RAM opti
mized for high data bandwidth, low power applica
tions. It is functionally similar to a traditional dynamic 
RAM. The V53C104F reads and writes data by 
multiplexing an 18-bit address into a 9-bit row and a 
9-bit column address. The row address is latched by 
the Row Address Strobe (RAS). The column address 
''flows through" an internal address buffer and is 
latched by the Column Address Strobe (CAS). Be
cause access time is primarily dependent on a valid 
column address rather than the precise time that the 
CAS edge occurs, the delay time from RAS to CAS 
has little effect on the access time. 

Memory Cycle 

A memory cycle is initiated by bringing RAS low. 
Any memory cycle, once initiated, must not be ended 
or aborted before the minimum tRAS time has expired. 
This ensures proper device operation and data integ
rity. A new cycle must not be initiated until the 
minimum precharge time tR~P has elapsed. 

Read Cycle 

A Read cycle is performed by holding the Write 
Enable (WE) signal High during a RAS/CAS opera
tion. The column address must be held for a mini
mum specified by tAR. Data Out becomes valid only 
when ioAc' tRAC ' icAA and icAC are all satisifed. As a 
result, the access time is dependent on the timing 
relationships between these parameters. For ex
ample, the access time is limited by lcAA when tRAC ' 
icAC and tOAC are all satisfied. 

Write Cycle 

A Write Cycle is performed by taking WE and CAS 
low during a RAS operation. The column address is 
latched by CAS. The Write Cycle can be WE con
trolled or CAS controlled depending on whether WE 
or CAS falls later. Consequently, the input data must 
be valid at or before the falling edge of WE or CAS, 
whichever occurs last. In the CAS-controlled Write 
Cycle, when the leading edge of WE occurs prior to 
the CAS low transition, the I/O data pins will be in the 
High-Z state at the beginning of the Write function. 

V53C104F 

Ending the Write with RAS or CAS will maintain the 
output in the High-Z state. 

In the WE controlled Write Cycle, OE must be in 
the high state and toED must be satisfied. 

Refresh Cycle 

To retain data, 512 Refresh Cycles are required in 
each 8 ms period. There are two ways to refresh the 
memory: 

1. By clocking each of the 512 row addresses (Aa 
through AJ with RAS at least once every 8 ms. 
Any Read, Write, Read-Modify-Write or RAS-only 
cycle refreshes the addressed row. 

2. Using a CAS-before-RAS Refresh Cycle. If CAS 
makes a transition from low to high to low after the 
previous cycle and before RAS falls, CAS-before
RAS refresh is activated. The V53C1 04F uses the 
output of an internal9-bit counter as the source of 
row addresses and ignore external address in
puts. 

CAS-before-RAS is a ''refresh-only'' mode and no 
data access or device selection is allowed. Thus, the 
output remains in the High-Z state during the cycle. 
A CAS-before-RAS counter .test mode is provided to 
ensure reliable operation· of the internal refresh 
counter. 

Data Retention Mode 

The V53C1 04F offers a CMOS standby mode that 
is entered by causing the RAS clock to swing be
tween a valid ~L and an "extra high" V1H within 0.2 V 
of V DO. While the RAS clock is at the "extra high" 
level, the V53C1 04F power consumption is reduced 
to the low 1006 level. Overall 100 consumption when 
operating in this mode can be calculated as follows: 

(tRC) x (1001) + (tRX-tRC) x (1006) 

1= 

Where: tRC = Refresh Cycle Time 
tRX = Refresh Interval/512 
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Fast Page Mode Operation 

Fast Page Mode operation permits all 512 col
umns within a selected row of the device to be 
randomly accessed at a high data rate. Maintaining 
RAS low while performing successive CAS cycles 
retains the row address internally and eliminates the 
need to reapply it for each cycle. The column address 
buffer acts as a transparent or flow-through latch 
while CAS is high. Thus, access begins from the 
occurrence of a valid column address rather than 
from the falling edge of CAS, eliminating tASC and 1r 
from the critical timing path. CAS latches the address 
into the column address buffer and acts as an output 
enable. During Fast Page Mode operation, Read, 
Write, Read-Modify-Write or Read-Write-Read 
cycles are possible at random addresses within a 
row. Following the initial entry cycle into Fast Page 
Mode, access is tCAA ortcAP controlled.lfthe column 
address is valid prior to the rising edge of CAS, the 
access time is referenced to the CAS rising edge 
and is specified by teAp.lf the column address is valid 
after the rising CAS edge, access is timed from the 
occurrence of a valid address and is specified by 
lcAA. In both cases, the falling edge of CAS latches 
the address and enables the output. 

Fast Page Mode provides a sustained data rate of 
25 MHz for applications that require high data rates 
such as bit-mapped graphics or high-speed signal 
processing. The following equation can be used to 
calculate the maximum data rate: 

512 
Data Rate = -,-_...,.,-,,.--,--

tRC + 511 X tpc 

Data Output Operation 

The V53C104F Input/Output is controlled by OE, 
CAS, WE and RAS. A RAS low transition enables the 
transfer of data to and from the selected row address 
in the Memory Array. A RAS high transition disables 
data transfer and latches the output data if the output 
is enabled. After a memory cycle is initiated with a 
RAS low transition, a CAS low transition or CAS low 
level enables the internal I/O path. A CAS high 
transition or a CAS high level disables the I/O path 
and the output driver if it is enabled. A CAS low 
transition while RAS is high has no effect on the I/O 
data path or on the output drivers. The output drivers, 
when otherwise enabled, can be disabled by holding 

V53C104F 

OE high. The OE Signal has no effect on any data 
stored in the output latches. A WE low level can also 
disable the output drivers when CAS is low. During a 
Write cycle, if WE goes low at a time in relationship 
to CAS that would normally cause the outputs to be 
active, it is necessary to use OE to disable the output 
drivers prior to the WE low transition to allow Data In 
Setup Time (tDS) to be satisfied. 

Power-On 

After application of the V DO supply, an initial pause 
of 200 (J.S is required followed by a minimum of 8 
initialization cycles (any combination of cycles con
taining a RAS clock). Eight initialization cycles are 
required after extended periods of bias without 
clocks (greater than the Refresh Interval). 

During Power-On, the V DO current requirement of 
the V53C104F is dependent on the input levels of 
RAS and CAS. If RAS is low during Power-On, the 
device will go into an active cycle and 100 will exhibit 
current transients. It is recommended that RAS and 
CAS track with V DO or be held at a valid V1H during 
Power-On to avoid current surges. 
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Table 1. V53C104F Data Output 
Operation for Various Cycle Types 

Cycle Type I/O State 

Read Cycles Data from Addressed 
Memory Cell 

CA8-Controlled Write High-Z 
Cycle (Early Write) 

WE-Controlled WrRe OE Controlled. High 
Cycle (Late WrRe) OE = High-Z II0s 

Read-Modify-Write Data from Addressed 
Cycles Memory Cell 

Fast Page Mode Data from Addressed 
Read Memory Cell 

Fast Page Mode Write High-Z 
Cycle (Early Write) 

Fast Page Mode Read- Data from Addressed 
Modify-WrHe Cycle Memory Cell 

RA5-0nly Refresh High-Z 

CAS-before-RAS Data remains as in 
Refresh Cycle previous cycle 

CA5-0nly Cycles High-Z 



MOSEL-VITELIC V53C104H PRELIMINARY 
ULTRA-HIGH PERFORMANCE, 
LOW POWER 256K X 4 BIT 
FAST PAGE MODE CMOS DYNAMIC RAM 

HIGH PERFORMANCE 

Max. RAS Access Time, (IRAC) 

Max. Column Address Access Time, (IcAA) 

Min. Fast Page Mode Cycle Time, (lpC) 

Min. Read/WrHe Cycle Time, (IRC) 

LOW POWER V53C104HL 

Max. CMOS Standby Current, (1006) 

Features 

• 256K xA-bit organization 
• RAS acCess time: 45;50,55,60 ns 
• Low power dissipation 

• V53C104H-60 
- Operating Current - 85 mA max 
- TTL Standby Current - 2.0 mA max 

• Low CMOS·StandbY Current 
• V53C104H - 1.0 mA max 
• V53C104HL- .15 mA max 

• Low Battery Back-up Current 
• V53C1 04HL - 20~max 

• Read-Modify-Write, RAS-Dnly Refresh, 
CA5-Before-RA$ Refresh capability 

• Refresh Interval 
• V53C104H - 512 cycles/8 ms 
• V53C104HL- 512 cycles/64 ms 

• Fast Page Mode for a sustained data rate 
greater than 40 MHz 

. 

• Available in 20 pin Plastic DIP and 26/20 pin SOJ 
packages 

Description 

The V53C104H is a high speed 262,144 x 4 bit 
CMOS dynamic random access memory. Fabri-

Device Usage Chart 

45/45L So/SOL . 55/55L 6OI60L 

45ns 50ns 55ns 60 ns 

22ns 24 ns 28ns 30ns 

25ns 28ns 38ns 40ns 

90ns lOOns 110 ns 120 ns 

45L SOL 55L SOL 

150 JIA 150 JIA 150 JIA 150 JIA 

cated with Mosel-Vitelic's VICMOS III technology, 
the V53C1 04H offers a combination of features: Fast 
Page Mode for high data bandwidth, fast usable 
speed, CMOS standby current and, on request, 
extended refresh for very low data retention power 
(V53C104HL). 

All inputs and outputs are TTL compatible. Input 
and output capacitances are significantly lowered to 
allow increased system performance. Fast Page 
Mode operation allows random access of up to 512 
(x4) bits within a row with cycle times as short as 25 
ns. Because of static circuitry, the CAS clock is not 
in the critical timing path. The flow-through column 
address latches allow address pipelining while relax
ing many critical system timing requirements for fast 
usable speed. These features make the V53C1 04H 
ideally suited for graphics, digital signal processing 
and high performance computing systems. 

The V53C1 04HL offers a maximum data retention 
power of 1.1 mW when operating in CMOS standby 
mode and performing CAS-befora-RAS refresh 
cycles. This mode is entered by holding RASat a 
voltage greater than V DO - 0.2 when it.is inactive. 

Operating Package Outline Access Time (ns) Power 
Temperature Temperature 

Range P K 45 50 55 60 Low . Std. Mark 

O·C to 70·C . • . • . . . • Blank 

V53C104H Rev. 03 February 1993 
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V 5 3 C 

Description Pkg. Pin Count 

Plastic DIP P 20 
SOJ K 26/20 

26120 Lead SOJ Package 
PIN CONFIGURATION 

Top View 

1/01 
1/02 
WE 

RAS 
NC 

Absolute Maximum Ratings"' 

Ambient Temperature 

Y 
FAMILY 

Under Bias .............................. -10·C to +80·C 
Storage Temperature (plastic) .... -55·C to + 125·C 
Voltage Relative to Vss ....................... -1.0 V to +7.0 V 
Data Output Current .................................... 50 rnA 
Power Dissipation ......................................... 1 .0 W 

"Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 

V53C104H 

o 4 H 

DEVICE PKG SPEED TEMP. 

-I -1--1 -I Y-I -I 
d (IRA~C) PWR. L BLANK (O·C 10 la-C) 

P (PLASTIC DIP) L 
K (SOJ) L BLANK (NORMAL) 

L (LOW POWER) 

45 (45 ns) 
50 (50 ns) 
55 (55 ns) 
60 (60 ns) 

20 Lead Plastic DIP 
PIN CONFIGURATION 

Top View 

1/01 
1/02 
WE 

RAS 
NC 

AO 
A1 
A2 
A3 

VDD 

Pin Names 

Ao-As Address Inputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE Write Enable 

OE Output Enable 

110,-1/0. Data I nput. Output 

Voo +5V Supply 

Vss OV Supply 

NC No Connect 

Capacitance"' 

TA = 25·C, VDD = 5 V ± 10%, VSS = OV 

Symbol Parameter Typ. Max. 

CIN, Address Input 3 4 

CIN2 RAS, CAS, WE, OE 4 5 

COUT Data Input/Output 5 7 

" Note: Capacitance is sampled and not 100% tested 
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Block Diagram 

Vooo---. 

Vss 0---. 

a--.. 

a--.. 

• 
• 
• 

a--.. 

a--.. 

I RASCLOCK 
-I GENERATOR 

~ 
REFRESH 
COUNTER 

~~ 9 

0000 
-~ a: a: 

WW 
11..0 
11..0 
:::l() -IXlw 
00 0 ooW wa: 
a: a.. 
00 Oz 
c(c( 

V53C104H 

256Kx4 

L L ~I CAS CLOCK ~I WECLOCK OECLOCK 
I GENERATOR I GENERATOR f-- GENERATOR 

1 
~ 

DATA 1/0 BUS - r---o - 1/0 f----o 
t.. COLUMN DECODERS 

BUFFER !---o 
'---0 

Vo -va v 

SENSE AMPLIFIERS 

:t512X4 

- 00 Xo-Xa 
~ 

a: 
~ 3: w MEMORY 

0 0 
v a:8 r---v ARRAY 

W 
0 
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DC and Operating Characteristics (1-2) 
T A = O"C to 70·C, V DO = 5 V ± 10%, V ss = 0 V, unless otherwise specified. 

V53C104H V53C104HL 
Symbol Parameter Access 

Time Min. Typ. Max. Min. Typ. Max. Unit Test Conditions Notes 

III Input Leakage Current -10 10 -10 10 vA Vsss V1NSVoo 
(any input pin) 

Ilo Output Leakage Current -10 10 -10 10 vA VssS VOIJT S Voo 
(for High-Z State) RAS, CAS at V1H 

45 110 110 

1001 V DO Supply Current, 
50 100 100 rnA ~c = tRe (min.) 1,2 

Operating 
55 90 90 • 60 65 65 

1002 V DO Supply Current, RAS. CAS at VII! 
TTL Standby 2 2 rnA other inputs ;;, V ss 

V 00 Supply Current. 
45 110 110 

1003 RAS-Only Refresh 50 100 100 mA ~ = tRe (min.) 2 

55 90 90 

60 65 65 

1004 V 00 Supply Current. 45 100 100 

Fast Page Mode 50 90 
Operation 

90 rnA Minimum Cycle 1,2 

55 65 65 

60 80 80 

IDOIi V DO Supply Current, 2.0 2.0 rnA RAS=V1H• CAS.V1l 1 
Standby, Output Enabled other inputs ;;, V ss 

1006 V DO Supply Current, RAS~Voo-0.2V, 

CMOS Standby 1.0 0.15 mA CAS;;' Voo-0.2 V. 
All other inputs ;;, V ss 

1007 Battery Back-up CA5-before-RAS 
Data Retention Current NA 0.2 rnA Refresh cycle 18 
(V53C1 04HL Only) ~=125J1S 

CMOS clock levels 

V1l Input Low Voltage -1 0.8 -1 0.8 V 3 

V1H Input High Voltage 2.4 Voo+1 2.4 Voo+1 V 3 

VOL Output Low Voltage 0.4 0.4 V IOl =4.2 mA 

VOH Output High Voltage 2.4 2.4 V IOH =-5mA 
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AC Characteristics 
T A = O·C to 70·C, V DD = 5 V ±1 0%, V ss = OV unless otherwise noted 
AC Test conditions, input pulse levels 0 to 3V 

45/L 50/L 
# JEDEC Symbol Parameter 

Symbol Min. Max. Min. Max. 

1 tRL1RHl tRAS RAS Pulse Width 45 75K 50 75K 

2 ~L2RL2 ~ Read or Write Cycle Time 90 100 

3 ~H2RL2 tRP RAS Precharge Time 35 40 

4 tRL1CHl tCSH CAS Hold Time 45 50 

5 tCL1CHl tCAS CAS Pulse Width 12 12 

6 tRL1CL1 tACO RAS to CAS Delay 18 31 19 36 

7 IwH2cL2 tRCS Read Command Setup Time 0 0 

8 tAVRL2 tASR Row Address Setup Time 0 0 

9 tRL1AX tRAH Row Address Hold Time 8 9 

10 tAVCL2 tASC Column Address Setup Time 0 0 

11 IeL1AX leAH Column Address Hold Time 6 7 

12 tCllRH1(R) tRSH(R) RAS Hold Time (Read Cycle) 14 14 

13 IeH2RL2 tCRP CAS to RAS Precharge Time 4 4 

14 IeH2WX ~H Read Command Hold Time 0 0 
Referenced to CAS 

15 tRH2WX tRRH Read Command Hold Time 0 0 
Referenced to RAS 

16 'oEL1RH2 tROH RAS Hold Time 9 9 
Referenced to OE 

17 \;lIQV 'oAC Access Time from OE 12 12 

18 IeL1QV tCAC Access Time from CAS 12 12 

19 tRllQV tRAC Access Time from RAS 45 50 

20 tAVQV l'tCAA Access Time from Column 22 24 
Address 
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55/L 60/L 
Unit Notes 

Min. Max. Min. Max. 

55 75K 60 75K ns 

110 120 ns 

45 50 ns 

55 60 ns 

15 15 ns 

20 40 20 45 ns 4 

0 0 ns 

0 0 ns 

10 10 ns 

0 0 ns 

10 10 ns 

15 15 ns 

5 5 ns 

0 0 ns 5 

0 0 ns 5 

10 10 ns 

15 15 ns 

15 15 ns 6,7 

55 60 ns 6,8.9 

28 30 ns 6.7. 
10 
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AC Characteristics (Cont'd.) 

45/L 501L 55/L SOIL 
# JEDEC Symbol Parameter Unit Note s 

Symbol Min. Max. Min. Max. Min. Max. Min. Max 

21 ~L1ax \z OE or CAS to Low-Z Output 0 0 0 0 ns 16 

22 tCH2QZ '..z OE or CAS to High-Z Output 0 8 0 8 0 10 0 20 ns 16 

23 ~L1AX tAR Column Address Hold Time 30 35 45 50 ns 
fromRAS 

24 ~L1AV ~o RAS to Column Address 13 23 14 26 15 27 15 30 ns 11 
Delay Time 

25 'cL1RH1(W) tRSH (W) RAS or CAS Hold Time 14 14 15 15 ns 
in Write Cycle 

26 'wt.1CH1 'cwL Write Command to CAS 14 14 15 15 ns 
Lead Time 

27 'wL1CL2 'wcs Write Command Setup Time 0 0 0 0 ns 12,13 

28 'cL1wH1 'wcH Write Command Hold Time 6 7 10 10 ns 

29 'wL1WH1 'wp Write Pulse Width 6 7 10 10 ns 

30 ~1WH1 'wcR Write Command Hold Time 30 35 45 50 ns 
fromRAS 

31 'wL1RH1 ~L Write Command to RAS 14 14 15 15 ns 
Lead Time 

32 'oVWL2 'os Data in Setup Time 0 0 0 0 ns 14 

33 'wL1DX tOH Data in Hold Time 6 7 10 10 ns 14 

34 'wL1GL2 'wOH Write to OE Hold Time 9 9 10 10 ns 14 

35 'aH20X 'oED OE to Data Delay Time 8 8 10 10 ns 14 

36 tRL2RL2 tAWC Read-Modify-Write 135 145 160 170 ns 
(RMW) Cycle Time 

37 ~1RH1 ~RW Read-Modify-Write Cycle 85 90 100 105 ns 
(RMW) RAS Pulse Width 

38 'cL1WL2 'cwo CAS to WE Delay 31 33 38 40 ns 12 
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MOSEL-VITELIC V53C104H 

AC Characteristics (Cont'd.) 

45/L SOIL 551L GO/L 
# JEDEC Symbol Parameter Unit Notes 

Symbol Min. Max. Min. Max. Min. Max. Min. Max. 

39 tRl1W12 ~o RASto WE Delay in 65 70 60 85 ns 12 
Read-Modify-Write Cycle 

40 fcLlcHl fcRW CAS Pulse Width (RMW) 50 54 62 65 ns 

41 tAVW12 tAwo Col. Address to WE Delay 41 43 55 58 ns 12 

42 ~12 ~ Fast P~ge Mode 25 28 38 40 ns 
Read or Write Cycle Time 

43 fcH2C12 fop CAS Precharge Time 7 8 10 10 ns 

44 tAVRHl feAR Column Address to RAS 22 24 28 30 ns 
Setup Time 

45 fcH2QV feAp Access Time from 24 26 32 34 ns 7 
Column Precharge 

46 ~1DX loHR Data in Hold Time 30 35 45 50 ns 
Referenced to RAS 

47 fcL1R12 fcsR CAS Setup Time 10 10 10 10 ns 
CA5-before-RAS Refresh 

48 tRH2C12 ~PC RAS to CAS Precharge Time 0 0 0 0 ns 

49 ~L1CHl fcHR CAS Hold Time 12 12 15 15 ns 
CA5-before-RAS Refresh 

50 fcl2C12 tPCM Fast Page Mode Read- 65 70 82 85 ns 
(RMW) Modify-Wr~e Cycle Time 

1r 1r Trans~ion Time 3 50 3 50 3 50 3 50 ns 15 
(Rise and Fall) 

tREF Refresh Interval 8 8 8 8 ms 17 
(512 Cycles) 

~F Refresh Interval 64 64 64 64 ms 17.18 
V53Cl04HL Only 
(512 Cycles. ~= 125 lIS) 
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MOSEL-VITELIC V53C104H 

Notes: 
1. 100 is dependent on output loading when the device output is selected. Specified 100 (max.) is measured with the 

output open. 

2. 100 is dependent upon the number of address transitions. Specified 100 (max.) is measured with a maximum of two 
transitions per address cycle in Fast Page Mode. 

3. Specified V1L (min.) is steady state operating. During transitions, V1L (min.) may undershoot to -1.0 V for a period 
not to exceed 20 ns. All AC parameters are measured with V1L (min.) ~ V ss and V1H (max.) ::; V DO. 

4. ~co (max.) is specified for reference only. Operation within tRCO (max.) limits insures thattRAc (max.) and tCAA (max.) 
can be met. If ~co is greater than the specified tRCO (max.), the access time is controlled by tCAA and lcAc. 

5. Either tRRH or ~CH must be satisified for a Read Cycle to occur. 

6. Measured with a load equivalent to two TTL inputs and 100 pF. 

7. Access time is determined by the longest of tCAA,leAC and leAp. 

8. Assumes that tRAO ::; tRAO (max.). IftRAO is greater than tRAO (max.), tRAC will increase by the amountthat~Ao exceeds 
~o(max.). 

9. Assumes thattRco ::;tRco (max.).lftRco is greater than tRCO (max.), tRAC will increase by the amountthat~co exceeds 

~co (max.). 

10. Assumes that tRAO ~ ~AO (max.). 

11. Operation within the tRAO (max.) limit ensures that tRAC (max.) can be met. tRAO (max.) is specified as a reference 
point only. If ~AO is greater than the specified ~AO (max.) limit, the access time is controlled by lcAA and leAC. 

12. !wcs' tRWO' tAWD and tewo are not restrictive operating parameters. 

13. !wes (min.) must be satisfied in an Early Write Cycle. 

14. tos and ~H are referenced to the latter occurrence of CAS or WE. 

15. ~ is measured between V1H (min.) and V1L (max.). AC-measurements assume ~ = 5 ns. 

16. Assumes a three-state test load (5 pF and a 380 Ohm Thevenin equivalent). 

17. An initial 200 /IS pause and 8 RAS-containing cycles are required when exiting an extended period of bias without 
clocks. An extended period of time without clocks is defined as one that exceeds the specified Refresh Interval. 

18. This is battery backup data retention mode under CAS-before-RAS refresh cycles. 

tRC = 125 /IS (125 /IS x 512 = 64 ms) 

~AS = tRAS (min.) to 1 /IS 

Input voltages: RAS and CAS V1H > V DO - 0.2 V 

V1L <0.2 V 

WE and OE V1N > Voo - 0.2 V 

All other inputs at stable V1H or V1L 
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MOSEL-VITELIC V53C104H 

Waveforms of Read Cycle 

RAS "IH -

V1L -

CAs VIH-

VIL -

ADDRESS 
V1H -

V1L -

WE 
V1H -

V1L -

De V1H -

V1L -

110 
VOH-

VOL -

~----------------------tRC~)----------------~ 
14----------------tRAS(l)---------~ 

------1 ~------tAR(23)--------i--t j,.....---"*-----

14----------- t CSH (4) --+----------..1 
-f4----t~ 

67601 

Waveforms of Early Write Cycle 

RAS 
V1H -

V1L -

14-----------------------t~~------------------t 
/+--------------tRAS (1) --------------1"'1 

------1/+------ tAR (23) ------t ~-.....;..;...._,l 

~--------tCSH (4)--i-----------t 
-i+---ooi i+---_f- tCRP (13) 

VIH-
CAS 

V1L -

ADDRESS 
V1H -

V1L -

WE 
V1H -

VIL -

OE 
V1H -

V1L -

110 
V1H -

V1L -

t IlHR (46) ~ t os (32) -=t /+- 14- tOH (33) 

------------1-( VALID DATA-IN _·-------HIGH-l --------

67602 
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MOSEL-VITELIC V53C104H 

Waveforms of OE-Controlled Write Cycle 

l RAS (l) 
IRC(2) 

V1H - 'AR(23) 
RAS 

V1L -

VIH -
CAS 

V1L -

ADDRESS 
V1H -

V1L -

V1H -
WE 

V1L -

OE 
V1H -

V1L -

V1H -
I/O 

V1L -

Waveforms of Read-Modify-Write Cycle 

RAS 
I.\H -

V1L -

\ljH-
CAS 

V1L -

ADDRESS 
V1H -

V1L -

WE 
V1H -

V1L -

OE 
V1H -

V1L -

I/O 
V1H 

V1L 

1+-------------IRWC(36)---------~ 

t----------- I RRW(37) ---------""'1 
1+---- IAR (23) 

1+-------ICSH (4)------------0'" 
--+01----,--- IRSH (W)(25)------""---'~ 

J.---H---"';';'ro-. 1+-----ICRW(40)------~ .-10-+--", 

l RAO (24) 
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Wavefonns of Fast Page Mode Read Cycle 
~------------------------t~(I)------------------~ 

------~ ~~--_1 

ADDRESS 

WE 

OE 

110 

V1H --

V1L --

V1H --

VIL --

V1H --

VIL --

VOH-

VOL--

Wavefonns of Fast Page Mode Write Cycle 

ADDRESS 

WE 
VIH --

V1L --

OE 
V1H --

VIL --. 

vo 
VIH --

V1L ~ 

t ASH (R)(12)-+------1~ 

67605 
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MOSEL-VITELIC V53C104H 

Waveforms of Fast Page Mode Read-Write Cycle 

CAS 

V'H-ADDRESS 
V'L -

V'H-
WE 

V'L -

V'H-Oe 
V'L-

110 VI/OH -

VI/OL -

Waveforms of RAB-Only Refresh Cycle 

/'+----------tRG(2)-------------<~ 

RAS V'H-

V'L -

14--------tRAS (1)-------+l r ----i. 

CAS V'H-

V'L -

ADDRESS V'H-

V'L -

NOTE: WE, 6E = Don' care 
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MOSEL-VITELIC V53C104H 

Waveforms of CA8-before-RAS Refresh Counter Test Cycle 

RAS 
VIH-

V 1L -

CAS 
V1H -

V 1L -

ADDRESS 
V1H -

V 1L -

WE 
V 1H.-

V 1L -

OE V 1H -

V 1L -

I/O 
V 1H -

V 1L -

WE 
V1H -

V 1L -

OE 
V 1H ...:... 

V IL -

VO 
V 1H -

V 1L - 676 12 

Waveforms of CAS-before-RAS Refresh Cycle 

VIH

V 1L -

1+-----tRC(2)---------------'~ 
1+-----tRAS(l)------~ 

~--------~ ~----~--~ 
RAS 

V 1H -

V 1L -

NOTE: WE, DE, Ao-A 7 = Don't care 

14----- t CHR (49) ----~ 
tCSR (47) 
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Waveforms of Hidden Refresh Cycle (Read) 

RAS 
VIH-
V1l -

V1H -
CAS V1l -

ADDRESS 
V1H -
V1l -

WE 
V1H -
V1l -

OE 
VIH -
V1l -

VOH-
I/O VOl-

Waveforms of Hidden Refresh Cycle (Write) 

VIH-
RAS Vll -

CAS 
VIH -
V1l -

ADDRESS 
Vil -

WE 
V1H -
Vil -

V1H -
DE Vll -

'~@t '~ XXXXX VAlIDO~XXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
tOHR (46) . , . 676 tt 

V1H -
I/O V1l -
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FuncUonalDescripUon 

The V53C104H is a CMOS dynamic RAM opti
mized for high data bandwidth, low power applica
tions. It is functionally similar to a traditional dynamic 
RAM. The V53C104H reads and writes data by 
multiplexing an 18-bit address into a 9-bit row and a 
9-bit column address. The row address is latched by 
the Row Address Strobe (RAS). The column address 
"flows through" an internal address buffer and is 
latched by the Column Address Strobe (CAS). Be
cause access time is primarily dependent on a valid 
column address rather than the precise time that the 
CAS edge occurs, the delay time from RAS to CAS 
has little effect on the access time. 

Memory Cycle 

A memory cycle is initiated by bringing RAS low. 
Any memory cycle, once initiated, must not be ended 
or aborted before the minimum tAAS time has expired. 
This ensures proper device operation and data integ
rity. A new cycle must not be initiated until the 
minimum precharge time tAp/tcp has elapsed. 

Read Cycle 

A Read cycle is performed by holding the Write 
Enable (WE) signal High during a RAS/CAS opera
tion. The column address must be held for a mini
mum specified by tAA. Data Out becomes valid only 
when loAc' tAAc,lcAA and lcAc are all satisifed. As a 
resuH, the access time is dependent on the timing 
relationships between these parameters. For ex
ample, the access time is limited by lcAA when tAAC ' 
lcAc and tOAC are all satisfied. 

Write Cycle 

A Write CyCle is performed by taking WE and CAS 
low during a RAS operation. The column address is 
latched by CAS. The Write Cycle can be WE con
trolled or CAS controlled depending on whether WE 
or CAS falls later. Consequently, the input data must 
be valid at or before the falling edge of WE or CAS, 
whichever Occurs last. In the CAS-controlled Write 
Cycle, when the leading edge of WE occurs prior to 
the CAS low transition, the I/O data pins will be in the 
High-Z state at the beginning of the Write function. 

V53C104H 

Ending the Write with RAS or CAS will maintain the 
output in the High-Z state. 

In the WE controlled Write Cycle, OE must be in 
the high state and toED must be satisfied. 

Refresh Cycle 

To retain data, 512 Refresh Cycles are required in 
each 8 ms period. There are two ways to refresh the 
memory: 

1. By clocking each of the 512 row addresses (Ao 
throLigh A,J with RAS at least once every 8 ms. 
Any Read, Write, Read-Modify-Write or RA5-only 
cycle refreshes the addressed row. 

2. Using a CAS-before-RAS Refresh Cycle. If CAS 
makes a transition from low to high to low after the 
previous cycle and before RAS falls, CAS-before
RAS refresh is activated. The V53C1 04H uses the 
output of an intemal9-bit counter as the source of 
row addresses and ignore external address in
puts. 

CAS-before-RAS is a "refresh-only" mode and no 
data access or device selection is allowed. Thus, the 
output remains in the High-Z state during the cycle. 
A CAS-before-RAS counter test mode is provided to 
ensure reliable operation of the internal refresh 
counter. 

Data Retention Mode 

The V53C1 04H offers a CMOS standby mode that 
is entered by causing the RAS clock to swing be
tween a valid "'L and an "extra high" V1H within 0.2 V 
of V ~o' While the RAS clock is at the "extra high" 
level, the V53C1 04H power consumption is reduced 
to the low 1006 level. Overall 100 consumption when 
operating in this mode can be calculated as follows: 

(tAd x (1 001 ) + (tAX-tAC) x (1 006) 

1= 

Where: tAC = Refresh Cycle Time 
tAX = Refresh Interval/512 
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Fast Page Mode Operation 

Fast Page Mode operation permits all 512 col
umns within a selected row of the device to be 
randomly accessed at a high data rate. Maintaining 
RAS low while performing successive CAS cycles 
retains the row address internally and eliminates the 
need to reapply it for each cycle. The column address 
buffer acts as a transparent or flow-through latch 
while CAS is high. Thus, access begins from the 
occurrence of a valid column address rather than 
from the falling edge of CAS, eliminating tASC and 1r 
from the critical timing path. CAS latches the address 
into the column address buffer and acts as an output 
enable. During Fast Page Mode operation, Read, 
Write, Read-Modify-Write or Read-Write-Read 
cycles are possible at random addresses within a 
row. Following the initial entry cycle into Fast Page 
Mode, access is tCAA ortcAP controlled. If the column 
address is valid prior to the rising edge of CAS, the 
access time is referenced to the CAS rising edge 
and is specified by teAp.lf the column address is valid 
after the rising CAS edge, access is timed from the 
occurrence of a valid address and is specified by 
tCAA• In both cases, the falling edge of CAS latches 
the address and enables the output. 

Fast Page Mode provides a sustained data rate Of 
40 MHz for applications that require high data rates 
such as bit-mapped graphics or high-speed signal 
processing. The following equation can be u'sed to 
calculate the maximum data rate: 

512 
Data Rate = -----

tRC + 511 x tpc 

Data Output Operation 

The V53C104H Input/Output is controlled by OE, 
CAS, WE and RAS. A RAS low transition enables the 
transfer of data to and from the selected row address 
in the Memory Array. A RAS high transition disables 
data transfer and latches the output data if the output 
is enabled. After a memory cycle is initiated with a 
RAS low transition, a CAS low transition or CAS low 
level enables the internal I/O path. A CAS high 
transition or a CAS high level disables the I/O path 
and the output driver if it is enabled. A CAS low 
transition while RAS is high has no effect on the I/O 
data path or on the output drivers. The output drivers, 
when otherwise enabled, can be disabled by holding 

V53C104H 

OE high. The OE signal has no effect on any data 
stored in the output latches. A WE low level can also 
disable the output drivers when CAS is low. During a 
Write cycle, if WE goes low at a time in relationship 
to CAS that would normally cause the outputs to be 
active, it is necessary to use OE to disable the output 
drivers prior to the WE low transition to allow Data In 
Setup Time (tos) to be satisfied. 

Power-On 

After application of the V DO supply, an initial pause 
of 200 IlS is required followed by a minimum of 8 
initialization cycles (any combination of cycles con
taining a RAS clock). Eight initialization cycles are 
required after extended periods of bias without 
clocks (greater than the Refresh Interval). 

During Power-On, the V DO current requirement of 
the V53C104H is dependent on the input levels of 
RAS and CAS. If RAS is low during Power-On, the 
device will go into an active cycle and 100 will exhibit 
current transients., It is recommended that RAS and 
CAS track with V DO or be held at a valid V1H during 
Power-On to avoid current surges. 
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Table 1. V53C104H Data Output 
Operation for Various Cycle Types 

Cycle Type UOState 

Read Cycles Data from'Addressed 
Memory Cell 

CAS-Controlled Write High-Z 
Cycle (Early Write) 

WE-Controlled Wrtte OE Controlled. High 
Cycle (Late Wrtte) OE = High-Z I/Os 

Read-Modify-Write Data from Addressed 
Cycles Memory Cell 

Fast Page Mode Data from Addressed 
Read Memory Cell 

Fast Page Mode Write High-Z 
Cycle (Early Wrtte) 

Fast Page Mode Read- Data from Addressed 
Modify-Write Cycle Memory Cell 

"RAS-only Refresh High-Z 

CAS-before-RAS Data remains as in 
Refresh Cycle previous cycle 

CAS-only Cycles High-Z 
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MOSEL-vrrELIC V53C104N PRELIMINARY 
HIGH PERFORMANCE, 3.3 VOLT 
256K X 4 BIT FAST PAGE MODE 
CMOS DYNAMIC RAM 

HIGH PERFORMANCE V53C104N 

Max. RAS Access Time, (~AC) 

Max. Column Address Access Time, (teAA) 

Min. Fast Page Mode Cycle Time, (tpc) 

Min. ReadIWrite Cycle Time, (tRr.> 

LOW POWER. V53C104NL 

Max. CMOS Standby Current, (1006) 

Features 
• 256K X 4 Organization 
• RAS access time: 60,70,80 ns 
• Low power dissipation for V53C1 04N-80 

• Operating Current - 35 mA max. 
• TTL Standby Current - 1 ;0· mA max. 

• Low CMOS Standby Current 
• V53C104N - 400 ~ max. 
• V53C1 04NL -~ max. 

• Read-Modify-Write, RAS-Only Refresh, 
CAS-Before-RAS Refresh capability. 

• Common 1/0 capability 
• Refresh Interval 

• V53C104N - 512 cyclesl8ms 
• V53C104NL - 512 cyclesl64ms 

• On-chip substrate bias generator 
• Fast Page Mode for a sustained data rate 

greater than 25 MHz 
• Standard packages are 20 pin Plastic DIP and 

26120 pin SOJ 
• Low Battery Back-up Current 

• V53C1 04NL - 150 ~ max. 

Device Usage Chart 

Operating Package OUtline 
Temperature 

Range P K 60 

OOCt070·C . . . 
V53C104N Rev. 02 11993 

60/60L 7MOL So/SOL 

60ns 70 ns 80ns 

35ns 40ns 45ns 

45 ns 50ns 55ns 

120 ns 130ns 150ns 

60L 70L SOL 

40 )lA 40 )lA 40 )lA 

Description 

The V53C104N is a high speed 262,144 x 4 bit 
CMOS dynamic random access memory. Fabri
cated with Mosel-Vitelic's VICMOS IV technology, 
the V53C1 04N offers a combination of features: Fast 
Page Mode for high data bandwidth, fallt usable 
speed, CMOS standby current and, on request, 
extended refresh for very low data retention power 
(V53C104NL). 

All inputs and outputs are TIL compatible. Input 
and output capacitances are significantly lowered to 
allow increased system performance. Fast Page 
Mode operation allows random access of up to 512 
(x4) bits within a row with cycle times as short as 45 
ns. Because of static circuitry, the CAS clock is not 
in the critical timing path. The flow-through column 
address latches allow address pipelining while relax
ing many critical system timing requirements for fast 
usable speed. These features make the V53C104N 
ideally suited for graphics, digital signal processing 
and high performance computing systems. 

The V53C1 04NL offers a maximum data retention 
power of 1.65 mW when operating in CMOS standby 
mode and performing CAS-before-RAS refresh 
cycles. 

Access Time (ns) Power 
Temperature 

70 80 LOw Std. Mark . . . . Blank 

2-138 



MOSEL-VITELIC 

V 5 3 C 

Description Pkq. Pin Count 

Plastic DIP P 20 
SOJ K 26/20 

26120 Lead SOJ Package 
PIN CONFIGURATION 

Y 
FAMILY 

V53C104N 

o 4 N 
-I ---I -I y-, -I 

DEVICE PKG SPEED TEMP. 

d (IRAlcl PWR. L BLANK (O"C 10 70·C) 
P (PLASTIC DIP) L BLANK (NORMAL) 
K (SOJ) L 

L (LOW POWER) 

60 (60 os) 
70 (70 os) 
eo (SO os) 

20 Lead Plastic DIP 
PIN CONFIGURATION 

Top View Top View 

110, VSS 
1102 1/04 
~ IIOa 
RAS ""CAS 
NC OE 

AD AS 
Al A7 
A2 A6 
Aa A5 

VDD A4 

Pin Names 

A,,-A. Address Inputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE Write Enable 

OE Output Enable 

1101-1/°4 Data Input, Output 

VDD +3.3V Supply 

Vss OV Supply 

NC No Connect 

Absolute Maximum Ratings"" 

Ambient Temperature 
Under Bias .............................. -10°C to +80°C 

Capacitance"" 
TA = 25°C, VDD = 3.3 V ± 10%, Vss = 0 v 

Storage Temperature (plastic) .... -55°C to + 125°C Symbol Parameter Typ. Max. Unit 
Voltage Relative to V ss ....................... -1.0 V to +6.0 V 
Voltage on VDD relative to Vss ........ -0.5 V to +6.0 V C1N1 Address Input - 6 pF 

Data Output Current .....•.............................. 50 mA C1N2 RAS, CAS, WE, OE - 7 pF 

Power Dissipation ......................................... 1.0 W 
COUT Data Input/Output - 7 pF 

'Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. , Note: CapaCitance is sampled and not 100% tested 
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Block Diagram 

256Kx4 

: 0-----: ------,L 
RAS =tl RAS CLOCK LI CAS CLOCK -I WECLOCK 

VDDo-

Vss 0--

0--

0--

· • 
• 

0-+ 

0--

-I GENERATOR 

1 
r-

REFRESH 
COUNTER 

.(7 9 

0000 1-<1-0:0: Ww 
u.O 
u.o 
::::>t> row I---
000 ooW wo: 
0:D.. 
00 
Oz «« 

I GENERATOR I GENERATOR 

1 

DATA 1/0 BUS 

I\. COLUMN DECODERS 

Yo -Ya v 

SENSE AMPLIFIERS 

J512X4 

f----
00 xo-xa 0: 512 

~ :s:w k MEMORY 
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0 
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MOSEL-VITELIC V53C104N 

DC and Operating Characteristics (1-2) 
T A = O·C to 70·C, V DD = 3.3 V ± 10%, V ss = a V, unless otherwise specified. 

V53C104N V53C104NL 
Access 

Symbol Parameter Time Min. Max. Min. Max. Unit Test Conditions Notes 

III Input Leakage Current -10 10 -10 10 I1A Vss $ V1N$VOO 
(any input pin) 

ILO Output Leakage Current -10 10 -10 10 I1A VSS$VOUT$VOO 
(for High-Z State) RAS, CAS at V1H 

60 45 45 

1001 V DO Supply Current, 70 40 40 rnA ~c = tRC (min.) 1,2 

Operating 
80 35 35 

1002 V DO Supply Current, RAS, CAS at V1H 
TTL Standby 1.0 1.0 rnA other inputs ~ V ss 

60 45 45 

1003 

V DO Supply Current, 
70 40 40 rnA ~c = tRC (min.) 2 

RA8-0nly Refresh 

80 35 35 

V DO Supply Current, 
60 50 50 

10D4 Fast Page Mode 70 40 40 rnA Minimum Cycle 1,2 

Operation 
80 35 35 

1005 Standby, Output Enabled 2.0 1.0 rnA RAS=V1H, CAS=V1l 1 

other inputs ~ V ss 

1000 V DO Supply Current RAS ~ Voo -{).2 V, 

CMOS Standby 400 40 I1A CAS ~Voo -0.2 V 

other input ~ V ss 

Battery Back-up CAS-Before-RAS 

1007 * Data Retention Current N.A. 0.15 I1A Refresh Cycle 1,18 

(V53C104NL only) IRe = 125 115 
CMOS Clock Levels 

V1l Input Low Voltage -0.5 0.6 -0.5 0.6 V 3 

V1l Input High Voltage 2.4 Voo+0.5 2.4 Voo+0.5 V 3 

VOL Output Low Voltage 0.4 0.4 V IOl= 3 rnA 

VOH Output High Voltage 2.4 2.4 IOH = -3 rnA 
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AC Characteristics 
T A = O'C to 70'C, V DD = 3.3V ±1 0%, V ss = OV unless otherwise noted 
AC Test conditions, input pulse levels 0 to 3V 

JEDEC 60/l 
# Symbol Symbol Parameter 

Min. Max. 

1 tRl1RHl tRAS RAS Pulse Width 60 75K 

2 tRL2RL2 tAC Read or Write Cycle Time 120 

3 tRH2RL2 tRP RAS Precharge Time 50 

4 tRl1CHl tCSH CAS Hold Time 60 

5 lel1CHl tCAS CAS Pulse Width 20 

6 tRl1CLl tACO RAS to CAS Delay 25 40 

7 IwH2CL2 tRCS Read Command Setup Time 0 

8 tAVRL2 tASR Row Address Setup Time 0 

9 tRL1AX tRAH Row Address Hold Time 15 

10 tAVCL2 tASC Column Address Setup Time 0 

11 lel1AX tCAH Column Address Hold Time 15 

12 lel1RH1(R) ~SH(R) RAS Hold Time (Read Cycle) 20 

13 tCH2RL2 leRP CAS to RAS Precharge Time 5 

14 tCH2WX ~H Read Command Hold Time 5 
Referenced to CAS 

15 tRH2WX tRRH Read Command Hold Time 5 
Referenced to RAS 

16 taEl1RH2 tROH RAS Hold Time 10 
Referenced to OE 

17 tG110V tOAc Access Time from OE 20 

18 tC110V tCAC Access Time from CAS 20 

19 tR110V tRAc Access Time from RAS 60 

20 tAVOV tCAA Access Time from Column 35 
Address 
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70/l SOIL 
Unit Notes 

Min. Max. Min. Max. 

70 75K 80 75K ns 

130 150 ns 

50 60 ns 

70 80 ns 

25 25 ns 

25 45 25 55 ns 4 

0 0 ns 

0 0 ns 

15 15 ns 

0 0 ns 

15 15 ns 

25 25 ns 

5 5 ns 

5 5 ns 5 

5 5 ns 5 

10 10 ns 

25 25 ns 

25 25 ns 6,7 

70 80 ns 6,8,9 

40 45 ns 6,7, 
10 



MOSEL-VITELIC V53C104N 

AC Characteristics (Cont'd.) 

JEDEC 60/l 70/l SOIL 
# Symbol Symbol Parameter Unit Notes 

Min. Max. Min. Max. Min. Max. 

21 tCL10X 'u OE or CAS to Low-Z Output 0 0 0 ns 16 

22 tCH20Z '.iz OE or CAS to High-Z Output 0 20 0 20 0 20 ns 16 

23 ~L1AX tAR Column Address Hold Time 50 55 60 ns 

from RAS 

24 tRL1AV 'w-D RAS to Column Address 20 25 20 30 20 35 ns 11 
OelayTime 

25 'cL1RH1(W) ~SH(W) RAS or CAS Hold Time 20 25 25 ns • in Write Cycle 

26 \vl1CHl tCWL Write Command to CAS 20 25 25 ns 
Lead Time 

27 \vl1CL2 \VCS Write Command Setup Time 0 0 0 ns 12,13 

28 'cL1WHl \vcH Write Command Hold Time 15 15 15 ns 

29 \vl1WHl \vP Write Pulse Width 15 15 15 ns 

30 ~'WH' \vcR Write Command Hold Time 50 55 60 ns 
from RAS 

31 \vL1RHl ~L Write Command to RAS 20 25 25 ns 
Lead Time 

32 tDVWL2 'os Data in Setup Time 0 0 0 ns 14 

33 \vl1DX 'oH Data in Hold Time 15 15 15 ns 14 

34 \vl1GL2 'woH Write to OE Hold Time 15 15 15 ns 14 

35 '<>H2DX 'oED OE to Data Delay Time 15 20 20 ns 14 

36 tRL2RL2 tAWC Read-Modify-Write 180 195 215 ns 
(RMW) Cycle Time 

37 tRL1RHl tRRW Read-Modify-Write Cycle 115 135 145 ns 
(RMW) RAS Pulse Width 

38 tCL1WL2 tCWD CAS to WE Delay 45 55 55 ns 12 
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AC Characteristics (Cont'd.) 

JEDEC &OIL 70/L 6O/L 
# Symbol Symbol Parameter Unit Notes 

Min. Max. Min. Max. Min. Max. 

39 ~'Wl2 ~o RAS to WE Delay in 85 100 110 ns 12 
Read-Modify-Write Cycle 

40 'eL1CHl 'eRW CAS Pulse Width (RMW) 75 85 85 ns 

41 tAVW1.2 tAWO Col. Address to WE Delay 65 70 75 ns 12 

42 'el.2C1.2 Ipe Fast Page Mode 45 50 55 ns 
Read or Write Cycle Time 

43 'eH2C1.2 'ep CAS Precharge Time 10 10 10 ns 

44 tAVRHl 'cAR Column Address to RAS 35 40 45 ns 
Setup Time 

45 'ctwv 'cAP Access Time from 40 45 50 ns 7 
Column Precharge 

46 tRL10X !aHR Data in Hold Time 50 55 60 ns 
Referenced to RAS 

47 'cL'R1.2 'csR CAS Setup Time 10 10 10 ns 
CAS-befora-RAS Refresh 

48 ~H2Cl.2 ~pc RAS to CAS Precharge Time 10 10 10 ns 

49 ~'CHI 'eHR CAS Hold Time 30 30 30 ns 
CA5-befora-RAS Refresh 

50 'el.2C1.2 tPCM Fast Page Mode Read- 95 105 110 ns 
(RMW) Modify-Write Cycle Time 

lr lr Transition Time 3 50 3 50 3 50 ns 15 
(Rise and Fall) 

~EF Refresh Interval 8 8 8 ms 17 
(512 Cycles) 

~EF Refresh Interval 64 64 64 ms 17,18 
V53C1 04NL Only 
(512 Refresh cycles, too=125 JIS) 
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Notes 

1. 100 is dependent on output loading when the device output is selected. Specified 100 (max.) is measured with the 
output open. 

2. 100 is dependent upon the number of address transitions. Specified 100 (max.) is measured with a maximum of two 
transitions per address cycle in Fast Page Mode. 

3. Specified V1L (min.) is steady state operating. During transitions, V1L (min.) may undershoot to -1.0 V for a period 
not to exceed 20 ns. All AC parameters are measured with V1L (min.) ~ V ss and V1H (max.) :s; V DO' 

4. tRCO (max.) is specified for reference only. Operation within tRCO (max.) limits insures thattRAc (max.) and tCAA (max.) 
can be met. If ~co is greater than the specified tRCO (max.), the access time is controlled by tCAA and IcAc' 

5. Either tRRH or tRCH must be satisified for a Read Cycle to occur. 

6. Measured with a load equivalent to two TTL inputs and 100 pF. 

7. Access time is determined by the longest of IcAA' tCAC and leAp' 
8. Assumes thattRAo :S;~AO (max.).lftRAO is greater than tRAO (max.), tRAC will increase by the amountthat~Ao exceeds 

tRAO (max.). 

9. Assumes that~co :s;tRCO (max.).lf~co is greater than ~co (max.), tRAC will increase by the amountthat~co exceeds 
~CD (max.). 

10. Assumes that tRAD ~ tRAD (max.). 

11. Operation within the tRAO (max.) limit ensures that tRAC (max.) can be met. ~AO (max.) is specified as a reference 
point only. If tRAD is greater than the specified ~AO (max.) limit, the access time is controlled by IcAA and IeAc' 

12. Iwcs' tRWO' tAWD and tcwo are not restrictive operating parameters. 

13. Iwcs (min.) must be satisfied in an Early Write Cycle. 

14. tDS and IoH are referenced to the latter occurrence of CAS or WE. 

15. t,. is measured between V1H (min.) and V1L (max.). AC-measurements assume t,. = 5 ns. 

16. Assumes a three-state test load (5 pF and a 380 Ohm Thevenin equivalent). 

17. An initial 200 118 pause and 8 RAS-containing cycles are required when exiting an extended period of bias without 
clocks. An extended period of time without clocks is defined as one that exceeds the specified Refresh Interval. 

18. This is battery backup data retention mode under CAS before RAS refresh cycles. 

tRC = 125 118 (125 118 x 512 = 64 ms) 

tRAS = ~AS (min) to 1 118 

Input voltages: RAS and CAS 

WE and OE 

V1H > Voo - 0.2 V 

V1L <0.2 V 

V1N > Voo -0.2 V 

All other inputs at stable V1H or V1L 
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Waveforms of Read Cycle 

RAS ~H -

1+------------tRC(2)---------+I 
1+~-------tRAS(l)------.j 

------:i(04---- tAR (23)------I~ J,..---~-"*-----

V1L -

t------tcsH (4)--+-----+1 
-t--_.j 

CAS 
VIH-

V1L -

ADDRESS 
V1H -

V1L -

WE 
V1H -

V1L -

DE V1H -

V1L -

I/O 
VOH-

VOL -
67601 

Waveforms of Early Write Cycle 

RAS 
V1H -

V 1L -

VIH -
CAS 

V 1L -

ADDRESS 
V 1H -

V 1L -

WE 
V 1H -

V 1L -

OE 
V 1H -

V 1L -

VO 
V 1H -

V 1L -

1+------------tRC(2)----------t 
(o4--------tRAS(l)---------1~ 

------11+---- tAR (23) ---~ .r-----1 

tos (32)"1 I+- 14- tOH (33) t DHR (46) ~ 
----------~i VALID DIU"A-IN _"-------HIGH-Z --------

67602 
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Waveforms of OE-Controlled Write Cycle 

t RC (2) 

t RAS (1) 

V1H - tAR (23) 

RAS 
V 1L -

VIH-
CAS 

V 1L -

V1H -
ADDRESS 

V 1L -

V1H -
WE 

V 1L -

OE 
V1H -

V 1L -

I/O 
V1H -

V 1L -

Waveforms of Read-Modify-Write Cycle 

RAS 
"lH -

V1L -

'lJH -
CAS 

V1L -

ADDRESS 
V1H -

V1L -

WE 
V1H -

V1L -

OE 
V1H -

V1L -

I/O 
V1H 

V1L 

~-------------------------tRWC(~)------------------~ 

1------------------ tRAW (37)·-----------------~ 
/4------ tAR (23) 

1------------ tCSH (4)-----------------------1 
---t-------,---- t RSH (W)(25)--------------+I 

.r---+t----""'lI:"'\ ""0------'----- tcRW (40) rf-+--"'\ 

t RAD (24) 
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Waveforms of Fast Page Mode Read Cycle 
1+-------------'RAS(l)----------I 

------~ 1~--~ 
RAS 

ADDRESS 
V IH -

V IL -

V IH -
WE 

V IL -

OE 
V IH -

V IL -

I/O 

Waveforms of Fast Page Mode Write Cycle 

RAS 

CAS 

ADDRESS 

WE 

OE 

I/O 

VIH

V IL -

VIH -

V IL -

V IH -

V IL -

VIH -

VIL -

V IH -

V IL -

67606 
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Waveforms of Fast Page Mode Read-Write Cycle 

CAS 

V1H -
ADDRESS 

V1L -

V1H -
WE 

V1L -

V1H -
Of 

V1L -

Waveforms of RA8-0nly Refresh Cycle 

CAS 

ADDRESS 

VIH

V 1L -

V1H -

V 1L -

V1H -

V 1L -

14----------IRC(2)----------"" 

-------,it--------- 1RAS (1)-------.1 lo--~...;...._J 

NOTE: WE, DE = Don' care 
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Waveforms of CA8-before-RAS Refresh Cycle 

VIH

V IL -

14------ t RC (2) -----------------<~ 
14-----tRAS (1) ------~ 

z-----------~ L-----------1 
RAS 

CAS 

I/O 

V IH -

V IL -

t HZ (20) 

vOH-

VOL-

NOTE: WE. Ao -A 8 = Don' care 

14----- tCHR (40) ----~ 
tCSR (38) 

Waveforms of Hidden Refresh Cycle (Read) 

RAS 
VIH-

V IL -

V IH -
CAS 

V IL -

ADDRESS 
V IH -

V IL -

WE 
V IH -

V IL -

OE 
V IH -

V IL -

V OH-
I/O 

VOl-
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Waveforms of Hidden Refresh Cycle (Write) 

VIH-
RAS 

V 1L -

CAS 
V 1H -

V 1L -

ADDRESS 
V 1L -

WE 
V 1H -

V 1L -

V 1H -
OE 

V 1L -

V 1H -
I/O 

V 1L -
'~@t '~ XXXXX VALiDDATMrCtxXXXXXXXXXX"l'!XlXKlXXXXX't/XXX 

I DHR (46) 676 11 
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Waveforms of CAS-before-RAS Refresh Counter Test Cycle 

RAS 
VIH-

V IL -

CAS 
V IH -

V IL -

ADDRESS 
V IH -

V IL -

WE 
V IH -

V IL -

DE 
V IH -

V IL -

I/O 
VOH -

VOL -

WE 
VIH -

V IL -

DE 
V IH -

V IL -

I/O 
V IH -

DIN 
V IL - 148612 
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FuncUonalDescripUon 

The V53C104N is a CMOS dynamic RAM opti
mized for high data bandwidth, low power applica
tions. It is functionally similar to a traditional dynamic 
RAM. The V53C104N reads and writes data by 
multiplexing an 18-bit address into a 9-bit row and a 
9-bit column address. The row address is latched by 
the Row Address Strobe (RAS). The column address 
''flows through" an internal address buffer and is 
latched by the Column Address Strobe (CAS). Be
cause access time is primarily dependent on a valid 
column address rather than the precise time that the 
CAS edge occurs, the delay time from RAS to CAS 
has little effect on the access time. 

Memory Cycle 

A memory cycle is initiated by bringing RAS low. 
Any memory cycle, once initiated, must not be ended 
or aborted before the minimum tRAS time has expired. 
This ensures proper device operation and data integ
rity. A new cycle must not be initiated until the 
minimum precharge time tRp/top has elapsed. 

Read Cycle 

A Read cycle is performed by holding the Write 
Enable (WE) signal High during a RAS/CAS opera
tion. The column address must be held for a mini
mum specified by tAR' Data Out becomes valid only 
when tOAC' tRAC ' toAA and tCAC are all satisifed. As a 
result, the access time is dependent on the timing 
relationships between these parameters. For ex
ample, the access time is limited by tCAA when tRAC' 
tCAC and tOAC are all satisfied. 

Write Cycle 

A Write Cycle is performed by taking WE and CAS 
low during a RAS operation. The column address is 
latched by CAS. The Write Cycle can be WE con
trolled or CAS controlled depending on whether WE 
or CAS falls later. Consequently, the input data must 
be valid at or before the falling edge of WE or CAS, 
whichever occurs last. In the CAS-controlled Write 
Cycle, when the leading edge of WE occurs prior to 
the CAS low transition, the 1/0 data pins will be in the 
High-Z state at the beginning of the Write function. 

V53C104N 

Ending the Write with RAS or CAS will maintain the 
output in the High-Z state. 

In the WE controlled Write Cycle, OE must be in 
the high state and tOED must be satisfied. 

Refresh Cycle 

To retain data, 512 Refresh Cycles are required in 
each 8 ms period. There are two ways to refresh the 
memory: 

1. By clocking each of the 512 row addresses (Ao 
through As) with RAS at least once every 8 ms. 
Any Read, Write, Read-Modify-Write or RAS-only 
cycle refreshes the addressed row. 

2. Using a CAS-before-RAS Refresh Cycle. If CAS 
makes a transition from low to high to low after the 
previous cycle and before RAS falls, CAS-before
RAS refresh is activated. The V53C1 04N uses the 
output of an internal9-bit counter as the source of 
row addresses and ignore external address in
puts. 

CAS-before-RAS is a "refresh-only" mode and no 
data access or device selection is allowed. Thus, the 
output remains in the High-Z state during the cycle. 
A CAS-before-RAS counter test mode is provided to 
ensure reliable operation of the internal refresh 
counter. 

Data Retention Mode 

The V53C1 04N offers a CMOS standby mode that 
is entered by causing the RAS clock to swing be
tween a valid "'L and an "extra high" V1H within 0.2 V 
of V ~o' While the RAS clock is at the "extra high" 
level, the V53C1 04N power consumption is reduced 
to the low 1006 level. Overall 100 consumption when 
operating in this mode can be calculated as follows: 

(tRC) x (1 001 ) + (tRX-tRC) x (1006) 

1= 

Where: tRC = Refresh Cycle Time 
tRX = Refresh Interval/512 

2-153 



MOSEL-VITELIC 

Fast Page Mode Operation 

Fast Page Mode operation permits all 512 col
umns within a selected row of the. device to be 
randomly accessed at a high data rate. Maintaining 
RAS low while performing successive CAS cycles 
retains the row address intemally and eliminates the 
need to reapply it for each cycle. The column address 
buffer acts as a transparent or flow-through latch 
while CAS is high. Thus, access begins from the 
occurrence of a valid column address rather than 
from the falling edge of CAS, eliminating tASC and 1r 
from the critical timing path. CAS latches the address 
into the column address buffer and acts as an output 
enable. During Fast Page Mode operation, Read, 
Write, Read-Modify-Write or Read-Write-Read 
cycles are possible at random addresses within a 
row. Following the initial entry cycle into Fast Page 
Mode, access is tCAA or tCAP controlled. If the column 
address is valid prior to the rising edge of CAS, the 
access time is referenced to the CAS rising edge 
and is specified by teAp.lf the column address is valid 
afterthe rising CAS edge, access is timed fromthe 
occurrence of a valid address and is specified by 
lcAA. In both cases, the falling edge. of CAS latches 
the address and enables the output. 

. Fast Page Mode provides a sustained data rate of 
25 MHz for applications that require high data rates 
such as bit-mapped graphics or high-speed signal 
processing. The following equation can be used to 
calculate the maximum data rate: 

512 
Data Rate = ..... _"""....,.,.--_ 

tRC + 511 X tpc 

Data Output Operation 

The V53C1 04N Input/Output is controlled by OE, 
CAS, WE and RAS. A RAS low transition enables the 
transfer of data to and from the selected row address 
in the Memory Array. A RAS high transition disables 
data transfer and latches the output data if the output 
is enabled. After a memory cycle is initiated with a 
RAS low transition, a CAS low transition or CAS low 
level enables the internal 1/0 path. A CAS high 
transition or a CAS high level disables the 1/0 path 
and the output driver if it is enabled. A CAS low 
transition while RAS is high has no effect on the 1/0 
data path or on the output drivers. The output drivers, 
when otherwise enabled, can be disabled by holding 

V53C104N 

OE high. The OE signal has no effect on any data 
stored in the output latches. A WE low level can also 
disable the output drivers when CAS is low. During a 
Write cycle, if WE goes low at a time in relationship 
to CAS that would normally cause the outputs to be 
active, it is necessary to use OE to disable the output 
drivers prior to the WE low transition to allow Data In 
Setup Time (tos) to be satisfied. 

Power-On 

After application of the v DO supply, an initial pause 
of 200 ~ is required followed by a minimum of 8 
initialization cycles (any combination of cycles con
taining a RAS clock). Eight initialization cycles are 
required after extended periods of bias without 
clocks (greater than the Refresh Interval). 

During Power-On, the V DO current requirement of 
the V53C104N is dependent on the input levels of 
RAS and CAS. If RAS is low during Power-On, the 
device will go into an active cycle and 100 will exhibit 
current transients. It is recommended that RAS and 
CAS track with Voo or be held at a valid V1H during 
Power-On to avoid current surges. 
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Table 1. V53C104N Data Output 
Operation for Various Cycle Types 

Cycle Type 110 State 

Read Cycles Data from Addressed 
Memory Cell 

CAS-Controlled Write Hlgh-Z 
Cycle (Early Write) 

WE-Controlled Write OE Controlled. High 
Cycle (Late Write) OE = High-Z I/os 

Read-Modify-Write Data from Addressed 
Cycles Memory Cell 

Fast Page Mode Data from Addressed 
Read Memory Cell 

Fast Page Mode Write· High-Z 
Cycle (Early Write) 

Fast Page Mode Read- Data from Addressed 
Modify-Write Cycle Memory Cell 

RA5-0nly Refresh . High-Z 

CAS-before-RAS Data remains as in 
Refresh Cycle previous cycle 

CA5-0nly Cycles High-Z 



MOSEL-VITELIC V53C664 PRELIMINARY 
64K x 16 BIT FAST PAGE MODE 
BYTE WRITE CMOS DYNAMIC RAM 

V53C664 

Max. RAS Access Time, (tRM:> 

Max. Column Address Access Time, (tr. .... > 

Min. Fast Page Mode Cycle Time, (tpc> 

Min. ReadlWrite Cycle Time, (tRr.> 

LOW POWER V53C664L 

Max. CMOS Standby Current, (Inn,,> 

Features 

• 64K by 16-bit organization 
• RAS Access time: 80, 1 00 ns 
• Low power dissipation 

• V53C664K10 
- Operating Current - 90 rnA max. 
- TTL Standby Current - 2 rnA max. 

• Low CMOS Standby Current 
• V53C664 - 1.0 rnA max. 
• V53C664L - 0.2 rnA max. 

• Low Battery Back-up Current 
• V53C664L - 300 IlA max. 
• 200 IlA with 64ms refresh interval available 

on request 
• Fast Page, Byte-Write, Read-Modify-Write, 

CAS before RAS refresh, and RAS-only refresh 
capability 

• Refresh Interval 
• V53C664 - 256 cycles/4ms 
• V53C664L - 256 cyclesl32ms 

• Available in 40 Pin Plastic SOJ package 

Device Usage Chart 

Operating Package Outline 
Temperature 

Range K 

O°Cto 70°C . 
V53C664 Rev.02 September 1991 

8O/80L 10110L 

80 ns 100 ns 

45 ns 55ns 

55 ns 65 ns 

135 ns 170 ns 

80L 10L 

2001tA 200 "A 

Description 

The V53C664 is a new generation, 65,536 word x 
16 bit CMOS dynamic RAM fabricated with VICMOS 
III technology. The 16-bit wide organization makes 
the V53C664 ideal for high bandwidth applications 
such as imaging and graphics. In addition, the ver
sion with very low standby current, V53C664L, is 
extremely suitable for portable applications such as 
laptop and notebook personal computers. 

The V53C664 supports Fast Page Mode opera
tion for high data bandwidth. Fast Page Mode allows 
256 random accesses within a Single row with ac
cess cycle times as short as 55 ns per 16-bit word. 
The addition of Byte Write control, of upper and lower 
byte, makes the V53C664 ideal for use in 16-, 32-bit 
wide data bus systems. 

Mulitplexed address inputs and common input! 
output permit the V53C664 to be packaged in a 
standard 40 pin plastic SOJ to provide high system 
bit densities. 

Access Time (ns) Power 
Temperature 

80 100 Low Std. Mark 

• . • • Blank 
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Description 

Plastic SOJ 

Pin Names 
Symbol 

AO-A? 

RAS 

CAS 

UW 

LW 

OE 

1/01-1/016 

Vnn 

V",,,, 
NC 

V53C664 

V53C 664 

FAMILY 

TII-IV-I-I 
DEVICE PKG. SPEED TEMP. J (tRAC) PWR. L BLANK (O"C to 70"C) 

K (SOJ) l t: BLANK (NORMAL) 

Pin Count 

40 

Name 

Address Inputs 

40-Pin Plastic SOJ 
PIN CONFIGURATION 

Top View 

Voo VSS 
1/01 I/O Ie 
1102 1/015 
1103 1/014 
1/04 11013 
1/05 11012 
IlOe 11011 
1/07 11010. 
008 110 9 

NC NC 
Voo Vss 
UW CAS 
LW OE 

RAS NC 
Ao NC 
AI IiIC 
A2 A7 
A3 Ae 
A4 A5 

Voo ""1...::;;..... __ ......;;;;..r- Vss 
1Q1801 

Row Address Strobe 

Column Address Strobe 

Read/Upper Byte Write Input 

Read/Lower Byte Write Input 

Output Enable 

Data Input/Output 

Power (+5V) 

Ground 
No Connection 

; 2·156 

L (LOW POWER) 

80 (80 ns) to (100 ns) 150103 

Logic Symbol 

Ao 1/01 
AI 1/02 
A2 1/03 
A 3 1/04 
A4 1105 
As lIDs 
As 1/07 
A 7 II0e 
RAS 1/09 
CAS 1/010 
UW 1/011 
LW 1/012 
DE 1/013 

1/014 
1/015 
IIOIS 
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Absolute Maximum Ratings" 

Ambient Temperature 
Under Bias ................................. -1O°C to +80°C 

Storage Temperature (plastic) .... -55°C to + 125°C 
Voltage Relative to Vss ............................ -1.0 to +7.0 V 
Data Out Current ......................................... 50 mA 
Power Dissipation ......................................... 1.0 W 

'Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 

Capacitance" 
Voo = 5V ± 10%, Vss = OV 

Symbol Parameter 

CIN1 Input CapaCitance 

(AO-A7) 

CIN2 Input Capacitance 

(RAS. CAS, UW, LW, OE) --
COUT Output Capacitance 

(1101-11016) 

Min. Max. 

3 4 

4 5 

5 7 

'NOTE: CapaCitance is sampled and not 100% tested 

Block Diagram 
1/02 1/04 1/06 110s 1/010 1/012 1/014 U016 

1/01 1/03 1/05 1/07 1/09 1/011 1/013 1/015 

UW o----<.-")._--<H-+---l 

LW 0--+---<'-", 

COLUMN 
8 DECODER 

AD 
SENSE AMP. 

Al 1/0 GATE 

A2 

A3 ·····256 x 16···· 

A4 

A5 
a: 

A6 5:~ MEMORY 
A7 8 00 ARRAY 

a:O 256x256x16 w 
0 

101802 
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MOSEL-VITELIC V53C664 

DC and Operating Characteristics 
TA = O·C to 70·C, voo = 5 V ±10%, vss = 0 V,unless otherwise specified. 

V53C664 V53C664L 
Symbol Parameter Access Unit Test Conditions Notes 

Time Min. Typ. Max. Min. Typ. Max. 

III Input leakage Current -10 10 -10 10 !iA Vss:5 VIN :5 Voo 
(any input pin) 

ILO Output Leakage Current -10 10 -10 10 !iA ~~T:5VOO 
(for High-Z Stalel RAS,CAS at VIH 

1001 Voo Supply Current, 80 115 115 rnA tRC = tRC (min.) 1,2 
Operating 100 90 90 

1002 Voo Supply Current, 2.0 2.0 rnA RAS,CAS at VIH 
TIL Standby other inputs ~ V SS 

1003 ~ Supply Current, 80 115 115 rnA tRC = tRC (min.) 2 
RA5-0nly Refresh " 100 90 90 

10D4 V 00 supply Current, 80 100 100 
Fast Page MOde 100 90 90 rnA Minimum Cycle 1,2 
Operation 

1005 II 00 Supply Current, 5.0 5.0 rnA RAS=VIH,CAS=VIL 1 
Standby, Output Enabled other inputs ~ V SS 

10DS V 00 Supply Current, 1.0 0.2 rnA RAS~Voo-O·2V, 
CMOS Standby CAS;i:Voo -0.2V, 

other inputs ~ V SS 

Battery BackUp CA8-Before-RAS 
* * 1007 Data Retention Current N.A. 0.3 rnA Refresh cycles 18 

(only "l" VerSion) tRC = 125118 
CMOS clock levels 

VIL Input low Voltage -1 0.8 -.1 0.8 V 3 

VIH Input High Voltage 2.4 Voo 2.4 Voo V 3 
+1 +1 

VOL Output low Voltage 0.4 0.4 V IOL =-2.5 rnA 

VOH Output High Voltage 2.4 2.4 V IOH=2.1 rnA 

* 1007 = 0.2 rnA max. with tRC = 250118 (64ms refresh interval) available on request. 
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AC Characteristics 
T A = O°C to 70·C, V DO = 5V ± 1 0%, V ss = OV unless otherwise noted 
AC Test conditions, input pulse levels a to 3 V 

JEDEC 

# Symbol Symbol Parameter Min. 

1 tAL1AH1 tAAS RAS Pulse Width 80 

2 tAL2AL2 tRC Read or Write Cycle Time 135 

3 tAH2AL2 tRP RAS Precharge Time 45 

4 tAL1CH1 IeSH CAS Hold Time 80 

5 IeL1CH1 leAS CAS Pulse Width 30 

6 tAL1CL1 tRCD RAS to CAS Delay 20 

7 IwH2CL2 tACS Read Command Setup Time 0 

8 tAVAL2 tASA Row Address Setup Time 0 

9 ~L1AX tAAH Row Address Hold Time 10 

10 tAVCL2 tASC . Column Address Setup Time 0 

11 hlAX leAH Column Address Hold Time 15 

12 IeL1AH1(R) tASHr RAS Hold Time (Read Cycle) 30 

13 IeH2Al2 leAP CAS to RAS Precharge Time 5 

14 IeH2WX tACH Read Command Hold Time referenced to CAS 0 

15 ~H2WX tRAH Read Command Hold Time referenced to RAS 0 

16 taEL1AH2 tROH RAS Hold Time referenced to OE 10 

17 !aL10V taAC Access Time from OE -
18 h10V IeAC Access Time from CAS -
19 tAL10V tAAC Access Time from RAS -
20 tAvOV IeAA Access Time from Column Address -
21 1eL10X \z CAS to Output in Low-Z 0 

22 IeH20Z tHZ OE or CAS to High-Z Output 0 

23 tAL1AX tAA Column Address Hold Time referenced to RAS 55 

24 tAL1AV tRAD RAS to Column Address Delay Time 15 

25 tCL1RH1(W) tRSHw RAS or CAS Hold Time in Write Cycle 30 

26 IwL1CH1 IcwL Write Command to CAS Lead Time 20 

27 IwL1CL2 Iwcs Write Command Set-Up Time 0 

28 IeL1WH1 IwCH Write Command Hold Time 15 

29 IwL1WHl Iwp Write Pulse Width 15 

30 tRL1WHl IwCR Write Command Hold Time from RAS 55 

31 IwL1RHl tRWL Write Command to RAS Lead Time 20 
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80 100 

Max. Min. Max. Unit Notes 

75K 100 75K ns 

- 170 - ns 

- 60 - ns 

- 100 - ns 

10K 35 10K ns 

50 20 65 ns 4 

- 0 - ns 

- 0 - ns 

- 10 - ns 

- 0 - ns 

- 15 - ns 

- 35 - ns 

- 5 - ns 

- 0 - ns 5 

- 0 - ns 5 

- ,10 - ns 

25 - 30 ns 

30 - 35 ns 6, 7 

80 - 100 ns 6,8,9 

45 - 55 ns 6,7,10 

- 0 - ns 16 

25 0 25 ns 16 

- 65 - ns 

35 15 45 ns 11 

- 35 - ns 

- 20 - ns 

- 0 - ns 12, 13 

- 15 - ns 

- 15 - ns 

- 65 - ns 

- 20 - ns 
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AC Characteristics (continued) 

JEDEC 80 100 

# Symbol Symbol Parameter Min. Max. Min. Max. Unit Notes 

32 'oVWL2 'os Data-In Set-Up Time 0 - 0 - ns 14 

33 'wL1DX tDH Data-In Hold Time 15 - 15 - ns 14 

34 'wL1GL2 'wOH OE Hold Time 10 10 ns 14 

35 laH2DX !oED OE to Data Delay Time 10 - 20 - ns 

36 tRL2RL2 tRWC Read-Modify-Write Cycle Time 175 - 220 - ns 
(RMW) 

37 tRL2RHl ~RW Read-Modify-Write Cycle 120 - 150 - ns 
(RMW) RAS Pulse Width 

38 icUWL2 lewD CAS to WE Delay 50 - 65 - ns 12 

39 tRL1WL2 tRWD RAS to WE Delay Time in Read-Modify-Write 100 - 130 - ns 12 
Cycle 

40 icL1CHl icRW CAS Pulse Width (RMW) 80 - 95 - ns 

41 tAVWL2 tAWD Column Address to WE Delay 65 - 85 - ns 12 

42 icL2CL2 tpc Fast Page Mode Read or Write Cycle Time 55 - 65 - ns 

43 icH2CL2 icp CAS Precharge Time 10 - 10 - ns 

44 tAVRHl leAR Column Address to RAS Setup Time 45 - 55 - ns 

45 icH20V icAP Access Time from Column Precharge - 50 - 60 ns 7 

46 tRL1DX 'oHR Data Hold Time referenced to RAS 55 - 65 - ns 

47 iicURL2 icSR . CAS Setup Time (CAS before RAS Refresh) 5 - 5 - ns 

48 tRH2CL2 tRPC RAS to CAS Precharge Time 0 - 0 - ns 

49 tRL1CHl icHR CAS Hold Time (CAS before RAS Refresh) 10 - 10 - ns 

50 icL2CL2 tPCM Fast Page Mode Read-Modify-Write Cycle Time 100 - 120 - ns 
(RMW) 

51 'wH2CL2 ~CS Byte-Masked Write Setup Time 0 0 ns 

52 tRH2WL2 ~RH Byte-Masked Write Hold Time 0 0 ns 
Referenced to RAS 

53 icH2WL2 ~CH Byte-Masked Write Hold Time 0 0 ns 
Referenced to RAS 

i- Transition Time (Rise and Fall) 3 50 3 50 ns 15 

tREF Refresh Interval (256 Cycles) - 4 - 4 ms 17 

tREF Refresh Interval (256 Refresh Cycles, - 32 - 32 ms 17,18 

~C = 125 jIS, V53C664L Only) 
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Notes: 
1. 100 is dependent on output loading when the device output is selected. Specified 100 (max.) is measured with the 

output open. 

2. 100 is dependent upon the number of address transitions. Specified 100 (max.) is measured with a maximum of two 

transitions per address cycle in First Page Mode. 

3. Specified VIL (min.) is steady state operation. During transitions, VIL (min.) may undershoot to -1.0 V for periods not 

to exceed 20 ns. All AC parameters are measured with VIL (min.) ~ V ss and VIH (max.) ~ V 00. 

4. ~co (max.) is specified for reference only. Operation within tRCO (max.) and tRAO (max.) limits ensure that tRAC (max.) 

and tCM (max.) can be met. IftRCO is greater than the specified ~co (max.), the access time is controlled by 'cAA and 

tCAC· 

5. Either tRRH or ~CH must be satisfied for a Read Cycle to occur. 

6. Measured with a load equivalent to one TTL loads and 50 pF. 

7. Access time is determined by the longer of 'eM, 'cAC' or 'cAp. 

8. Assumes that ~AO ~ tRAO (max.). IftRAO is greater than ~AO (max.), tRAC will increase by the amount thattRAD exceeds 
tRAO (max.). 

9. AssumesthattRco~~co (max.). IftRco is greater than tRCO(max.), ~AC will increase by the amount that tRCD exceeds 

~co(max.). 

10. Assumes that tRAO ~ ~o (max.). 

11. Operation within the ~AO (max.) limit ensures that tRAC (max.) can be met. tRAO (max.) is specified as a reference 

point only. If tRAO is greater than the specified tRAo (max.) limit, the access time is controlled by 'eM and 'cAc. 

12. 'wcs. 'wHC' tRwo' tAWO and 'cwo are not restrictive operating parameters. 

13. 'wcs (min.) must be satisfied in an Early Write Cycle. 

14. tos and 'oH are referenced to the later occurance of CAS or WE. 

15. 'r is measured between VIH (min.) and VIL (max.). AC measurements assume 'r = 5 ns. 

16. Assumes a three-state test load (5pF and a 380 Ohm Thevenin equivalent). 

17. An initial 200 IJS pause and 8 RAS-containing cycles are required when exiting an extended period of bias without 

clocks. An extended period of time without clocks is defined as one that exceeds the specified Refresh Interval. 

18. This is battery backup data retention mode under CAS-before-RAS refresh cycles. 

tRC = 1251JS (1251JS x 256 = 32ms) 

tRAS = ~AS (min) to 11JS 

Input voltages: RAS and CAS VIH > V 00 - 0.2 V 

VIL <0.2 V 

WE and OE VIN> Voo -0.2 V 

All other inputs at stable VIH or VIL 
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ReadCyc/e 

VIH-
RAS VIL-

vIH-
CAS VIL-

VIH-
Ao-A7 VIL -

UW 
VIH-

VIL-

LW 
VIH-

VIL -

OE 
VIH-

vIL-

vOH -
1/0 1-11016 

VOL -

NOTE: DIN • OPEN 

Write Cycle (Early Write) IRC 

IRAS 

RAS 
VIH-

IAR 
VIL -

vIH-
CAS VIL -

VIH~ 

AO-A7 VIL -

VIH-
UW 

VIL -

NOTE: DOUT = OPEN 
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Upper Byte Write Cycle (Early Write) 

VIH-
CAS VIL-

AO-A7 
vIH-

Vll-

UW VIH- ~'t""t"~~~rT'tT~,j..---l--+--

V1L - .......... ........., .......... r=~~=:~:+=++===t'..L...I.I'-L-IL.L.L..L...L..I. 

LW VIH

V Il - ;....t....,t..L...L.LtL..L-L..L-L.L.L..L..L.I..J 

DE VIH

V Il - L..L-L.L.L..LI-'-''-L,.j'-L-L.L..L..L..L...I.'-Lf'''-f-L.L.L.L.L..L..L...I.'-L,.j'-L-L.L.L.L...L..I. ......... '-L... 

NOTE: DOUT = OPEN 

Lower Byte Write Cycle (Early Write) 

RAg 
vIH-

Vll-

VIH-
CAS Vll-

AO-A7 
vIH-

Vll-

LW VIH-

t----------·Ra----------I 
---.t~---_ -__ -__ -__ -~--·RAS-------l 

·AR---'----~ 

157906 

V1l - ......., ................. ~~==~~:.:+=+=+===~.L..L ......... ILL.L.L...L..I. ......... '-' 

OE V.H - -rTT"T7v.r-r:rr"T7"T'lr-r:rrint"T'l'""T'1rrTT"T7"7'"lr7-rr"T7"T'l'""T'1" 

Vll- I- 'o;'~H I=='DH;1 
110 1-110 B VVI: = mmmmOlL DATA-IN J:~1!'"T"7T"JZ/'"T"ZT"JZ/'"T"/T"JZ/'"T"ZT7Z 

VOltV016 ~::= omooommmmommmooZ7 
160107 

NOTE: DOUT = OPEN 
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Write Cycle (OE-Controlled Write) 

RAS 
VIH-

VIL-

~----------------tRC------------------~ 
~------------I~s------~------1J~~~ ---'~f----""'--IAR-------------.j 

~---------- 'cSH---------+---+I 
~------I~D'----~-

VIH-
CAS VIL-

VIH-
AO-A7 

vIL-

UW 
VIH-

VIL-

LW VIH-
VIL - ....s...o....I.....Io...o....I.....Io...o....I.....Io....Jo...I.....,.,..Jo...I.....,., ............... J.H~ ___ 'f-L...L-L..£...L-L..I....L..L..I....L...L-L. 

OE VIH

VIL - 1...I....L..L..L...L..<L..L.,L..jt....C..J 

1101-1/°16 VIH-
VIL - ___ --' 

150108 

NOTE: DooT = OPEN 
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Upper Byte Write Cycle (OE-Controlled Write) 

V,H - '"'7";,,~---"'"""-",r----'--'---..u--rl""IJ--ttrrtrrTTT7-r: 

V,L - L.L.ul'-~~-..Jf...u·~--=7=~-.Jf"t...L..~L..fI:L.LjLI'-L<t...L..1..L 

LW VIH

loll - L.L..L..L.L..L..L..L..L..L...L..I.:.J 

BE V,H - '"'7";rrrrTTT7""IJ,-y-----it--.....,mrrrr't"TT"t""'{""l:-T"l"T" 
loll - LL.L.L.L.L.L.L..L.I.JJ 

150108 

NOTE: DOUT - OPEN 

Lower Byte Write Cycle (OE-Controlled Write) 

lAC 

VIH- 'RAS 

RAS V'L-

vlH-
CAS V'L-

AO-A7 V'H-

v'L-

uw V'H-

V'L-

LW 
V,H -

V'L-

toED1 

VOg-I/O 16 ~::::: ==-=--=.\-) ---(l"Z-rZ"T'"'lZ/"T"Z"T'"'lZr-rO"T'"'lZr-rO-rZr-7ZZ-rZ"T'"'lO-rZ"T'"'lZ/"T"Z'TTZ 

NOTE: DOUT = OPEN 
150110 
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Read-Modify-Wrife Cycle 

1+---------tRWC --------.-J 
---"'r~:-_-_-_-_-_--~--tRRW .:..:..:..:.=----....:-----.~ r::"",,;<:u:......:"\1 

VIH - tAR----1~ 
VIL-

-~4-~-~I~H----~ 

CAS 
VIH-

VIL-

r--H~----~ tCRW n--~----

Ao-A7 
vIH-

vIL-

UW 
VIH-

VIL-

LW VIH

VIL - ;.....r..,.£..J~-'-f':...L.L.I.-I' 

OE VIH-

VIL - -----t-----+I'--f 

1101-11016 {~:: = 
VOH- ----OPEN-----D 
VOL - y-..~", 

150111 
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Read-Modify-Upper-Byte-Write Cycle 

RAS 

~-----------------tRWC------------------~ 

----.I foo!l-------------tRRW--------------1 F..:l:II:.---=\j 
VIH - ~--tAR----~ 

VIL -
I+------------tc H----------------I~ 

V53C664 

CAS 

--~+-~I ----~tRSH-----~1 
r--H----~~~ tCRW n+--r---------

LW VIH

V1L - ............. t....L...L.f't....L..L..I I 

OE VIH

VIL - ------l---+---++---f 

1I0g-1l0 16 {~:: = 
VOH - ______ ------<VXi 

OPEN 
VOL -
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Read-Modify-Lower-Byt.Wrlte Cycle 

14---------tRWC ---------+-I 

----1.~~--------------tRRW ---------I~ r:.......r;~~ 
tAR---~ 

RAS 
VIH-

vIL-

CAS 
VIH-

VIL -

14-------tcsH-------~ .. 1 
,-.... _.:..;I~ __ IRSH .. 

i--Hr---;,;;","'II-\. tCRW -'------iIit1rr----

Ao-A7 
VIH-

VIL -

LW VIH

VIL - -'-..&...t"-&...&.fl"-&._~ 

OE VIH

VIL - ----+------:-I'---i' 

I/O 1-1/0 8 {~:: == 

vOH - ------t-OPEN---+--CVlII 
VOL -

110g-1/0 16 {~:: == 

vOH - _____ -------1IIlUi 
OPEN 

VOL - 150113 
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Fast Page Mode Read Cycle 
~-------------------IRM----------------~ 

OE V'H-

V'L-

1/01-11016 VOH-

VOL-
157914 

NOTE: DIN = OPEN 

Fast Page Mode Write Cycle 

V'H-
RAS V'L-

V'H-
CAS V'L-

A(J-A7 
v'L-

UW 
V'H-

V'L-

LW 
V,H -

V'L-

OE 
V'H-

V'L-

1/0 1-1/°16 V,H -

V,L -

157915 
NOTE: Dour = OPEN 
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Fast Page Mode Upper Byte Write Cycle 

VJH-
RAS VIL-

VIH-
CAS VIL-

UW 
VIH-

VIL-

LW 
VIH -

VIL-

OE 
VIH -

VIL-

1/°1-1/°8 
VIH-

VIL -

VIH-
I/0g -1/016 

VIL -

157916 

NOTE: DOUT=OPEN 
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Fast Page Mode Lower Byte Write Cycle 

VIH- tAR 
1---------- tRAs--------t 

RAS VIL-

VIH-
CAS vIL-

AO-A? VIH-

VIL-

UW 
VIH-

VIL-

LW VIH

VIL - ~~~L.l..Ju..I.+++-_""""L.l..J~~_"""~L.l..J~t+-_-+-''''''''''..LL.£.I_'''''''["L. 

DE VIH

VIL - ....... ~iLL'L.LooI"-LL"'+Ljo&-'t.L.I:..LLL.I..<L.LooI"+f..LLLL< ......... ..LL.LL;HU"-LL..LLLL< ......... ..LL.£.I-&... 

VOl-lIDS VIH
VIL - ;..&J.,4.6.0l..LL..£.I....L.I JI----JI 

VOg-I/016 ~:: == I/J!H U/f!ll! U//J U(UJ/! U// HI Il/Ul/Jlj////UJ!jUl 
157917 

NOTE: DOUT - OPEN 
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Fast Page Read-Modify-Write Cycle 

"lH - ---l+-----. .... 
CAS "IL-

LW VIH -

"IL-

OE vlH -

VIL -

157918 

+ 

NOTE: * = DOUT' = DIN 
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Fast Page Mode Read-Modify-Upper-Byte-Wrife Cycle 

157919 

* + NOTE: - Dour' = DIN 
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Fast Page Mode Read-Modify-Lower-Byte-Write Cycle . 

lVOH- ",...., ",...., ",...., 
VOL --'----'--HIlIV:.J v;3 v ~ 

110g -1/016 'LZ • - 'LZ • - 'LZ. -

. ~:: ---~rtli ~/jj F, lr--l'jr-T" /.,/T7'j j""T"'l',jrT' /.ZT7'j j""T"'l',jr'T j" 
1579 20 

NOTE: * = Dour' + = DIN 
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RA8-0nly Refresh Cycle 

RAS' 
V'H -

V'l -

CAS 
V'H-

V'l -

AO-A7 
V'H-

V'l -

i+------tRC---------+i 
--, i4----- tRAS,------.{ 1"--'''---';1 

NOTE: UW,lW,OE="H"or"l" 
101821 

CA8-Sefore-RAS Refresh Cycle 
1+-----tRc--------i 

r-____ ~i4---tAAs:----1j~~~ 

V'H- ----~ __ --.J)r----- OPEN-----
Vil - • 

101822 

NOTE: DIN' UW. lW. OE. AO-A7 ="H" or"l" 

Hidden Refresh Cycle (Read) 

V'H-
CAS VIL-

Ao -A7 
VIH-

VIL-

UW 
VIH-

VIL -

lW VIH-

V'L -

6E VIH-

VIL-

1/01-1/0,6 VOH - --------------ffI 
vOL -

157923 
NOTE: DIN = OPEN 
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Hidden Refresh Cycle (Write) 

VIH-
CAS VIL-

VIH-
AO-A7 VIL-

UW 
VIH-

VIL-

LW 
VIH-

VIL-

6E VIH-

vIL-

VIH-
1101-11016 VIL-

NOTE: DOUT=OPEN 

Hidden Refresh Cycle (Upper Byte Write) 

VIH-
RAS 

VIH-
CAS VIL-

AO-AJ 
VIH-

VIL-

VIH-
UW 

VIL -: 

LW 
VIH-

vIL-

6E VIH-

VIL-

1I01-1I0s 
VIH-

VIL-

VIH-

"°9-"°16 VIL-

tOHR 
NOTE: DOUT = OPEN 
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Hidden Refresh Cycle (Lower Byte Write) 

VIH-
RAS 

VIH-
CAS VIL-

AO-A7 
VIH-

VIL-

UW 
VIH-

VIL- • 
LW 

VIH-

VIL-

OE 
VIH-

vIL-

1/01-I/Oa 
VIH-

VIL-

1----1 DHR----t 

1/°9-1/°16 
VIH-

vlL - \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 
157926 

NOTE: DOUT = OPEN 
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CA8-Sefore-RAS Refresh Counter Test Read-Modify-Write Cycle 

---,( i+--------tRAS --------tr-......... ~ 

i+----'IRSH----..-j 

'"I""t------1CAS 1"""1+-----

157929 
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MOSEL-VITELIC V53C8256H PRELIMINARY 
ULTRA-HIGH PERFORMANCE, 
LOW POWER 256K X 8 BIT 
FAST PAGE MODE CMOS DYNAMIC RAM 

HIGH PERFORMANCE 

Max. RAS Access Time, (tRAe) 

Max. Column Address Access Time, (IeAA) 

Min. Fast Page Mode Cycle Time, (tpe) 

Min. ReadIWrite Cycle Time, (tRe) 

LOW POWER V53C8256HL 

Max. CMOS Standby Current, (ID06) 

Features 
• 256K x S-bit organization 
• RAS access time: 45, 50, 55, 60 ns 
• Low power dissipation 

• V53CS256H-60 
- Operating Current - 135 mA max 
- TTL Standby Current - 2.0 mA max 

• Low CMOS Standby Current 
• V53CS256H - 1.0 mA max 
• V53CS256HL - .15 mA max 

• Low Battery Back-up Current 
• V53CS256HL-2~ max 

• Read-Modify-Write, RAS-Only Refresh, 
CAS-Before-RAS Refresh capability 

• Refresh Interval 
• V53CS256H - 512 cycles/S ms 
• V53CS256HL - 512 cycleS/64 ms 

• Fast Page Mode for a sustained data rate 
greater than 33 MHz 

• Available in 24 pin 300 mil Plastic DIP and 
26/24 pin 300 mil SOJ packages 

Device Usage Chart 

Operating Package Outline 
Temperature 

Range P 
.. 

K 45 

ODC to 70 DC . . . 
V53C8256H Rev. 01 Aprill993 

45/45L 50/50L 55/55L 60/60L 

45 ns 50 ns 55 ns 60 ns 

22 ns 24 ns 28 ns 30 ns 

25 ns 28 ns 38 ns 40 ns 

100 ns 110 ns 115 ns 120 ns 

45L 50L 55L 60L 

150 J1A 150 J1A 150 J1A 150 J1A 

Description 
The V53CS256H is a high speed 262,144 x S bit 

CMOS dynamic random access memory. 
Fabricated with Mosel-Vitelic's VICMOS III 
technology, the V53CS256H offers a combination of 
features: Fast Page Mode for high data bandwidth, 
fast usable speed, CMOS standby current and, on 
request, extended refresh for very low data 
retention power (V53CS256HL). 

All inputs and outputs are TTL compatible. Input 
and output capacitances are significantly lowered to 
allow increased system performance. Fast Page 
Mode operation allows random access of up to 512 
(xS) bits within a row with cycle times as short as 30 
ns. Because of static circuitry, the CAS clock is not 
in the critical timing path. The flow-through column 
address latches allow address pipelining while 
relaxing many critical system timing requirements 
for fast usable speed. These features make the 
V53CS256H ideally suited for graphics, digital 
signal processing and high performance computing 
systems. 

The V53CS256HL offers a maximum data 
retention power of 1.1 mW when operating in 
CMOS standby mode and performing CAS-before
RAS refresh cycles. This mode is entered by 
holding RAS at a voltage greater than VDD - 0.2 
when it is inactive. 

Access Time (ns) Power 
Temperature 

50 55 60 Low Std. Mark . . . . . Blank 
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V53C8256H 

Y 
FAMILY 

-I --I --I -, Y-I -, 
DEVICE PKG SPEED TEMP. 

d (tRA~d PWR. L BLANK (O'Cto 7O'C) 

Description 

Plastic DIP 

SOJ 

Pkg. Pin Count 

P 24 

K 26124 

26/24 Lead SOJ 
PIN CONFIGURATION 

Top View 

Vss 
I/0a 
IIOr 
IIOs 
1/05 
~ 

RAS OE 
Ao Aa 
At A7 
A:! As 
A3 A5 

VDD A4 

Absolute Maximum Ratings" 

Ambient Temperature 
Under Bias ............................. -1O"C to +80"C 

Storage Temperature (plastic) .... -55"C to + 125"C 
Voltage Relative to Vss .................... -1.0 V to +7.0 V 
Data Output Current .................................... 50 mA 
Power Dissipation ......................................... 1 .0 W 

'Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 

P (PLASTIC DIp) L BLANK (NORMAL) 
K (SOJ) L 

L (LOW POWER) 

45 (45ns) 
50 (50 ns) 
55 (55 ns) 
60 (60ns) 

24 Lead Plastic DIP 
PIN CONFIGURATION 

Top View 

Vss 
I/0t 
IIO:! 
1/03 4 

1/°4 
WE 

roiS" 
Ao 
At 
A:! 
A3 

VDD 1 ____ --' 

Pin Names 

ArrAa Address Inputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE Write Enable 

OE Output Enable 

I/Ot-I/Oa Data Input, Output 

VDD +5V Supply 

Vss OV Supply 

NC No Connect 

Capacitance" 
TA = 25"C, VDD = 5 V± 10%, Vss= OV 

Symbol Parameter Typ. Max. 

CINt Address Input 3 4 

CIN2 RAS, CAS, WE, OE 4 5 

COUT Data Input/Output 5 7 

, Note: Capacitance is sampled and not 1 00% tested 
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Block Diagram 

VDD~ 

vSS~ 

Vo -Va 

AO 

A1 

A7 

Aa 

V53C8256H 

256K x8 

..--------.l,..------, 
OECLOCK 

GENERATOR 

DATA I/O BUS 1101 

"°2 
COLUMN DECODERS "°3 

1/0 1/°4 
BUFFER 1105 

SENSE AMPLIFIERS 
1/°6 

1/°7 
I/Oa 

MEMORY 
ARRAY 
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MOSEL"VITELIC V53C8256H 

DC and Operating Characteristics (1-2) 
TA = DoC to 700C. Voo = 5 V ± 10%. VSS = 0 V. unless otherwise specified. 

V53C8256H V53C8256HL 
Symbol Parameter Access 

Time Min. Typ. Max. Min. Typ. Max. Unit Test Conditions Notes 

lu Input Leakage Current -10 10 -10 10 j.IA Vss S V1N S Voo 
(any input pin) 

ILO Output Leakage Current -10 10 -10 10 j.IA VSSSVOUT S Voo 
(for High-Z State) RAS. CAS at V1H 

45 160 160 

1001 V 00 Supply Current. 
50 150 150 rnA ~C = ~C (min.) 1.2 

Operating 
55 145 145 

60 135 135 

1002 V DO Supply Current, RAS, CAS at V1H 
TIL Standby 2 2 rnA other inputs <: V 55 

V DO Supply Current, 
45 160 160 

101)3 RA8-0nly Refresh 50 150 150 mA ~C = tRC (min.) 2 

55 145 145 

60 135 135 

1004 V DO Supply Current, 45 95 95 

Fast Page Mode 50 90 90 rnA Minimum Cycle 1,2 
Operation 

55 85 85 

60 80 80 

1005 V DO Supply Current, 2.0 2.0 rnA RAS=V1H, CAS=V1L 1 
Standby, Output Enabled other inputs <: V 55 

1006 V DO Supply Current, RAS <: Voo - 0.2 V, 
CMOS Standby 1.0 0.15 mA CAS <: VOIr 0.2 V, 

All other inputs <: V 55 

1007 Battery Back-up CAS-before-RAS 

Data Retention Current N.A. 0.3 rnA RefreSh cycle 18 
(V53C8256HL Only) ~c= 125 jill 

CMOS clock levels 

V1L Input Low Voltage -1 0.8 -1 0.8 V 3 

V1H Input High Voltage 2.4 Voo+l 2.4 Voo+l V 3 

VOL Output Low Voltage 0.4 0.4 V IOL=4.2mA 

VOH Output High Voltage 2.4 2.4 V IOH =-5 mA 
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AC Characteristics 
T A = O·C to 70·C, Voo = 5 V ±10%, Vss = OV unless otherwise noted 
AC Test conditions, input pulse levels 0 to 3V 

JEDEC 
45/L 

It Symbol Symbol Parameter Min. Max. 

1 tRl1RH1 tRAS RAS Pulse Width 45 75K 

2 tRL2RL2 ~c Read or Write Cycle Time 100 

3 tRH2RL2 tRP RAS Precharge Time 35 

4 tRuCH1 tcSH CAS Hold Time 45 

5 tcUCH1 teAs CAS Pulse Width 12 

6 tRuCl1 ~CD RAS to CAS Delay 18 31 

7 tWH2CL2 tRCS Read Command Setup Time 0 

8 tAVRL2 tASR Row Address Setup Time 0 

9 tRUAX tRAH Row Address Hold Time 8 

10 tAVCL2 tASC Column Address Setup Time 0 

11 1cL1AX teAH Column Address Hold Time 6 

12 tcl1RH1(R) ~SH(R) RAS Hold Time (Read Cycle) 14 

13 tcH2RL2 tcRP CAS to RAS Precharge Time 4 

14 tcH2WX ~CH Read Command Hold Time 0 
Referenced to CAS 

15 ~H2WX ~RH Read Command Hold Time 0 
Referenced to RAS 

16 toEl1RH2 ~OH RAS Hold Time 9 
Referenced to OE 

17 Iol1QV toAC Access Time from OE 12 

18 tcUQV teAc Access Time from CAS 12 

19 tRl1QV ~C Access Time from RAS 45 

20 tAVQV tcM Access Time from Column 22 
Address 

21 tcUQX tLl OE or CAS to Low-Z Output 0 

22 tcH2QZ ~z OE or CAS to High-Z Output 0 8 

23 tRUAX tAR Column Address Hold Time 35 
from RAS 

24 tRl1AV tRAD RAS to Column Address 13 23 
Delay Time 

25 IcURH1(W) tRSH (W) RAS or CAS Hold Time 14 
in Write Cycle 

26 twUCH1 fowl Write Command to CAS 14 
Lead Time 
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50/L 551L 60IL 

Min. Max. Min. Max. Min. Max. Unit Notes 

50 75K 55 75K 60 75K ns 

110 115 120 ns 

40 45 50 ns 

50 55 60 ns 

12 15 15 ns 

19 36 20 40 20 45 ns • 0 0 0 ns 4 

0 0 0 ns 

9 10 10 ns 

0 0 0 lIS 

7 10 10 lIS 

14 15 15 ns 

4 5 5 ns 

0 0 0 ns 5 

0 0 0 ns 5 

9 10 10 ns 

12 15 15 ns 

12 15 15 ns 6,7 

50 55 60 lIS 6,8,9 

24 28 30 ns 6,7,10 

0 0 0 ns 16 

0 8 0 10 0 10 ns 16 

40 45 50 ns 

14 26 15 27 15 30 ns 11 

14 15 15 ns 

14 15 15 ns 



MOSEL·VITELIC V53C8256H 

AC Characteristics (Cont'd) 

JEDEC 
45/L SOIL 551L 60JL , Symbol Symbol Parameter Min. Max. Min. Max. Min. Max. Min. Max. Unit Notes 

27 twL1Cl2 twcs Write Command Setup Time 0 0 0 0 ns 12,13 

28 tcL1WH1 IWCH Write Command Hold Time 6 7 10 10 ns 

29 twL1WH1 Iwp Write Pulse Width 6 7 10 10 ns 

30 ~L1WH1 twCR Write Command Hold Time 35 40 45 50 ns 
fromRAS 

31 twL1RH1 ~L Write Command 10 RAS 14 14 15 15 ns 
Lead Time 

32 Iovwl2 los Data In Setup Time 0 0 0 0 ns 14 

33 twL1DX IoH Data in Hold Time 6 7 10 10 ns 14 

34 twL1Gl2 twOH Write to DE Hold Time 9 9 10 10 ns 14 

35 MDX !oeD DE 10 Data Delay Time 8 8 10 10 ns 14 

36 ~l2Rl2 tAWc Reild-Modify-Write 135 145 160 170 ns 
(RMW) CYcle Time 

37 ~L1RH1 tRAW Read-Modify-Write Cycle 85 90 100 105 ns 
(RMW) RAS Pulse Width 

38 tcL1Wl2 lewD CAS to WE Delay 31 33 38 40 ns 12 

39 ~1Wl2 ~D RAS 10 WE Delay in 85 70 80 85 ns 12 
Read-Modlfy-Write Cycle 

40 tcL1CH1 tcAW CAS Pulse Width (RMW) 50 54 62 65 ns 

41 IAVWl2 IAWD Col. Address to WE Delay 41 43 55 58 ns 12 

42 tcl2Cl2 Ipe Fest Page Mode 25 28 38 40 ns 
Read or Write Cycle Time 

43 tcH2Cl2 tcp CAS Precharge Time 7 8 10 10 ns 

44 IAVRH1 leAR Column Address to RAS 22 24 28 30 ns 
Setup Time 

45 tcH20v leAp Access Time from 24 26 32 34 ns 7 
Column Precharge 

46 ~L1DX IoHR Data in Hold Time 35 40 45 50 ns 
Referenced to RAS 

47 tcL1Rl2 tcSR CAS Setup Time 10 10 10 10 ns 
CA5-before-RAS Refresh 

48 ~H2Cl2 ~pc RAS to CAS Precharge Time 0 0 0 0 ns 

49 ~L1CH1 tcHR CAS Hold Time 12 12 15 15 ns 
CA5-before-RAS Refresh 

50 tcl2Cl2 ~ Fest Page Mode Read- 65 70 82 85 ns 
(RMW) ModifycWrite Cycle Time 

2-184 



MOSEL-VITELIC V53C8256H 

AC Characteristics (Cont'd) 

JEDEC 
45/L 50IL 551L 6O/L 

/I Symbol Symbol Parameter Min. Max. Min. Max. Min. Max. Min. Max. Unit Notes 

tT tT Transition Time (Rise and Fall) 3 50 3 50 3 50 3 50 ns 15 

tREF Refresh Interval 8 8 8 8 ms 17 
(512 Cycles) 

tREF Refresh Interval 64 64 64 64 ms 17,18 
V53C8256HL Only 
(512 Cycles, tRC= 125 JIS) 

2·185 



MOSEL-VITELIC V53C8256H 

Notes: 
1. 100 is dependent on output loading when the device output is selected. Specified 100 (max.) is measured with the 

output open. 

2. 100 is dependent upon the number of address transitions. Specified 100 (max.) is measured with a maximum of two 
transitions per address cycle in Fast Page Mode. 

3. Specified V1L (min.) is steady state operating. During transitions, V1L (min.) may undershootto -1.0 V for a period not 
to exceed 20 ns. All AC parameters are measured with V1L (min.) ;::: Vss and V1H (max.) s VDD. 

4. ~CD (max.) is specified for reference only. Operation within tRCD (max.) limits insures that tRAC (max.) and tcAA (max.) 
can be met. If ~CD is greater than the specified tRCD (max.), the access time is controlled by tcAA and tcAC. 

5. Either tRRH or tRCH must besatisified for a Read Cycle to occur. 

6. Measured with a load equivalent to two TTL inputs and 100 pF. 

7. Access time is determined by the longest of tcAA, tcAC and tcAP. 

8. Assumes thattRAD stRAD (max.).lftRAD is greater than tRAD (max.), tRAC will increase bytheamountthat~ADexceeds 
tRAD (max.). 

9. Assumes thattRCD stRCD (max.). IftRCD is greater than tRCD (max.), tRAC will increase by the amountthat~cD exceeds 
~CD (max.). 

10. Assumes that tRAD ;::: tRAD (max.). 

11. Operation within thetRAD (max.) limit ensures thattRAC (max.) can be met. tRAD (max.) is specified as a reference point 
only. If tRAD is greater than the specified tRAD (max.) limit, the access time is controlled by tcAA and tcAC. 

12. twcs, ~WD' tAwD and tcwD are not restrictive operating parameters. 

13. twcs (min.) must be satisfied in an Early Write Cycle. 

14. tos and tDH are referenced to the latter occurrence of CAS or WE. 

15. tT is measured between V1H (min.) and V1L (max.). AC-measurements assume tT = 5 ns. 

16. Assumes a three-state test load (5 pF and a 380 Ohm Thevenin equivalent). 

17. An initial 200 ~ pause and 8 RAS-containing cycles are required when exiting an extended period of bias without 
clocks. An extended period of time without clocks is defined as one that exceeds the specified Refresh Interval. 

18. This is battery backup data retention mode under CAS-before-RAS refresh cycles. 

tRc = 125 ~ (125 ~ x 512 = 64 ms) 

tRAS = tRAS (min.) to 1 ~ 

Input voltages: RAS and CAS V1H > VDD - 0.2 V 
V1L <0.2V 

WE and OE V1N > VDD - 0.2 V 
All other inputs at stable V1H or V1L 
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Waveforms of Read Cycle 

RAS "IH - tAR (23) 

t RAS (1) 
t RC (2) 

V1L -

t CSH (4) 

CAS 
VIH -

V1L -

ADDRESS 
V1H -

V1L -

WE 
V1H - II 
V1L -

DE 
V1H -

V1L -

)/0 
VOH-

VOL -

67601 

Waveforms of Early Write Cycle 

RAS 
V1H -

V 1L -

14------------- t RC (2)----------t 
t+--------tRAS(I)---------t~ 

-------,i ""0---- tAR (23) -----1"1 J!,..-------i. 

VIH -
CAS 

V 1L -

ADDRESS 
V 1H -

V 1L -

WE 
V 1H -

V 1L -

DE 
V 1H -

V 1L -

110 
V 1H -

V1L -

t OHR (46) ~ 
t OS (32)"1 t+- 1+ t OH (33: 

----------~i VALID DIrrA-IN _.------- HIGH-Z ---------

67602 
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MOSEL-VITELIC V53C8256H 

Waveforms of OE-Controlled Write Cycle 

tRAS (I) 
tRC(2) 

V 1H - tAR (23) 
RAS 

V 1L -

VIH-
CAS 

V 1L -

V 1H -
ADDRESS 

V 1L -

V 1H -
WE 

V 1L -

OE 
V 1H -

V 1L -

V 1H -
I/O 

V 1L -

Waveforms of Read-Modify-Write Cycle 

14------------- t FIWC (36)-----------t 
14--------- tRRW (37) ---------~ t-oo---If-

14---- tAR (23) 

1------'---'-- tCSH (4)-----'----------+1 
~~o------tRSH (W)(25)-------~ 

.r--+l----~ 1------'-- tCRW (40)--------1 .-1-.,r.--",\ 
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Waveforms of Fast Page Mode Read Cycle 

RAS 

CAS 

ADDRESS 

WE 

6E 

110 

VIH

V1l -

V1H -

V 1l -

V1H -

V1l -

V1H -

V1l -

V1H -

V 1l -

Waveforms of Fast Page Mode Write Cycle 

RAS 
VIH-

V1l -

CAS 
V1H -

V1l -

ADDRESS 

WE 
V1H -

V1l -

OE 
V1H -

V1l -

110 
V1H -

V1l -

V53C8256H 

• 
67605 
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Waveforms of Fast Page Mode Read-Write Cycle 

CAS 

ADDRESS 

WE 
V1H -

V1L -

OE 
V1H -

V1L -

I/O VIIOH -

VIJOL -

Waveforms of RAS-Only Refresh Cycle 

1+-~-------_IRC(2)----------~ 

------.....,OL ""0-------- I RAS (1)-------i r--..... --..L 
RAS 

VIH-

V 1L -

CAS 
V 1H -

V IL -

ADDRESS 
V 1H -

V 1L -

NOTE: WE, 6E = Don~ care 
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Waveforms of CA5-before-RAS Refresh Counter Test Cycle 

RAS 
VIH-

VIL -

CAS 
VIH -

VIL -

ADDRESS 
VIH -

V IL -

WE 
VIH -

V IL -

OE 
VIH -

V IL -

IJO 
V'H-

V IL -

WE 
V'H-

V'L -

OE V'H-

V'L -

I/O 
VIH -

DIN 
V IL - 676 12 

Waveforms of CA5-before-RAS Refresh Cycle 

14------ t RC(2)-----------------.j 

RAS 

CAS 

IJO 

VIH

V IL -

14-----tRAS (1) --------1 
L-----------~ 1-----------1 

V IH -

V IL -

NOTE: WE, CE, Ao-A7 = Don~care 

/4----- tCHR (49) ----~ 
tCSR (47) 
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MOSEL-VITELIC V53C8256H 

Waveforms of Hidden Refresh Cycle (Read) 

RAS 
VIH-

VIL -

VIH -
CAS 

VIL -

ADDRESS 
VIH -

VIL -

WE 
VIH -

VIL -

OE 
VIH -

VIL -

VOH-
110 

VOL-

Waveforms of Hidden Refresh Cycle (Write) 

VIH ...,.... 
RAS 

V IL -

CAS 
VIH -

V IL -

ADDRESS 
V IL -

WE 
VIH -

VIL -

VIH -
OE 

V IL -

VIH -
110 

V IL -
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FuncUonalDescripUon 
The V53C8256H is a CMOS dynamic RAM 

optimized for high data bandwidth, low power 
applications. It is functionally similar to a traditional 
dynamic RAM. The V53C8256H reads and writes 
data by multiplexing an 18-bit address into a 9-bit 
row and a 9-bit column address. The row address is 
latched by the Row Address Strobe (RAS). The 
column address ''flows through" an internal address 
buffer and is latched by the Column Address Strobe 
(CAS). Because access time is primarily dependent 
on a valid column address rather than the precise 
time that the CAS edge occurs, the delay time from 
RAS to CAS has little effect on the access time. 

Memory Cycle 
A memory cycle is initiated by bringing RAS low. 

Any memory cycle, once initiated, must not be 
ended or aborted before the minimum tRAS time has 
expired. This ensures proper device operation and 
data integrity. A new cycle must not be initiated until 
the minimum precharge time tRp/tcp has elapsed. 

Read Cycle 
A Read....2Y..cle is performed by holdin~ Write 

Enable (WE) signal High during a RAS/CAS 
operation. The column. address must be held for a 
minimum specified by tAR. Data Out becomes valid 
only when toAC, tRAC, tCAA and tCAC are all satisifed. 
As a result, the access time is· dependent on the 
timing relationships between these parameters. For 
example, the access time is limited by tCAA when 
tRAC, tCAC and toAC are all satisfied. 

Write Cycle 
~ Write Cycle is performed by taking WE and 
CAS low during a RAS operation. The column 
address is latched by CAS. The Write Cycle can be 
WE controlled or CAS controlled depending on 
whether WE or CAS falls later. Consequently, the 
inJ)ut data must be valid at or before the falling edge 
of WE or CAS, whichever occurs last. In the CAS
controlled Write Cycle, when the leading edge of 
WE occurs prior to the CAS low transition, the I/O 
data pins will be in the High-Z state at the beginning 

V53C8256H 

of the Write function. Ending the Write with RAS or 
CAS will maintain the output in the H.!9.!!-Z state. 

In the WE controlled Write Cycle, OE must be in 
the high state and toED must be satisfied. 

Refresh Cycle 
To retain data, 512 Refresh Cycles are required 

in each 8 ms period. There are two ways to refresh 
the memory: 

1. By clocking each of the 512 row addresses (Ao 
through AB) with RAS at least once every 8 ms. 
Any Read, Write, Read-Modify-Write or RAS
only cycle refreshes the addressed row . 

2. Using a CAS-before-RAS Refresh Cycle. If CAS 
makes a transition from low to high to low after 
the previous cycle and before RAS falls, CAS
before-RAS refresh is activated. The 
V53C8256H uses the output of an internal 9-bit 
counter as the source of row addresses and 
ignore external address inputs. 

CAS-before-RAS is a "refresh-only" mode and no 
data access or device selection is allowed. Thus, 
the output remains in the High-Z state during the 
cycle. A CAS-before-RAS counter test mode is 
provided to ensure reliable operation of the internal 
refresh counter. 

Data Retention Mode 
The V53C8256H offers a CMOS standby mode 

that is entered by causing the RAS clock to swing 
between a valid V1L and an "extra high" V1H within 
0.2 V of Voo. While the RAS clock is at the "extra 
high" level, the V53C8256H power consumption is 
reduced to the low 1006 level. Overall 100 
consumption when operating in this mode can be 
calculated as follows: 

Where: 
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tRC = Refresh Cycle Time 
tRX = Refresh Interval/512 
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Fast Page Mode Operation 
Fast Page Mode operation permits all 1024 

columns within a selected row of the device to be 
randomly accessed at a high data rate. Maintaining 
RAS low while performing successive CAS cycles 
retains the row address internally and eliminates 
the need to reapply it for each cycle. The column 
address buffer acts as a transparent or flow-through 
latch while CAS is high. Thus, access begins from 
the occurrence of a valid column address rather 
than from the falling edge of CAS, eliminating tASC 
and tT from the critical timing path. CAS latches the 
address into the column address buffer and acts as 
an output enable. During Fast Page Mode 
operation, Read, Write, Read-Modify-Write or 
Read-Write-Read cycles are possible at random 
addresses within a row. Following the initial entry 
cycle into Fast Page Mode, access is tcAA or tCAP 
controlled. If the column address is valid prior to the 
rising edge of CAS; the access time is referenced to 
the CAS riSing edge and is specified bY..!cAP. If the 
column address is valid after the rising CAS edge, 
access is timed from the occurrence of a valid 
address and is specified by toM. In both cases, the 
falling edge of CAS latches the address and 
enables the output. 

Fast Page Mode provides a sustained data rate 
of 33 MHz for applications that require high data 
rates such as bit-mapped graphics or high-speed 
signal processing. The following equation can be 
used to calculate the maximum data rate: 

1024 
Data Rate = 

tRC + 1023 x tpc 

Data Output Operation 
-Ihe V53C8256H InpuVOutRut is controlled by 
OE, CAS, WE and RAS. A RAS low transition 
enables the transfer of data to and from the 
selected row address in the Memory Array. A RAS 
high transition disables data transfer and latches 
the output data if the output is enabled. After a 
memory cycle is initiated with a RAS low transition, 
a CAS low transition or CAS low level enables the 
internal I/O path. A CAS high transition or a CAS 
high level disables the I/O path and the output driver 
if it is enabled. A CAS low transition while RAS is 
high has no effect on the I/O data path or on the 
output drivers. The output drivers, when otherwise 
enabled, can be disabled by holding OE high. The 

V53C8256H 

OE Signal has no effect on any data stored in the 
output latches. A WE low level can also disable the 
output drivers when CAS is low. During a Write 
cycle, if WE goes low at a time in relationship to 
CAS that would normally cause the outputs to be 
active, it is necessary to use OE to disable the 
output drivers prior to the WE low transition to allow 
Data In Setup Time (tos) to be satisfied. 

Power-On 
After application of the Voo supply, an initial 

pause of 200 J.IS is required followed by a minimum 
of 8 initialization cycles (any combination of cycles 
containing a RAS clock). Eight initialization cycles 
are required after extended periods of bias without 
clocks (greater than the Refresh Interval). 

During Power-On, the V DO current requirement of 
the V53C8256H i~ndent on the input levels of 
RAS and CAS. If RAS is low during Power-On, the 
device will go into an active cycle and IDO will exhibit 
current transients. It is recommended that RAS and 
CAS track with Voo or be held at a valid VIH during 
Power-On to avoid current surges. 
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Table 1. V53C8256H Data Output 
Operation for Various Cycle Types 

Cycle Type I/O$tate 

Read Cycles Data from Addressed 
Memory Cell 

CA5-Controlled Write High-Z 
Cycle (Early WrHe) 

WE-Controlled WrHe OE Controlled. High 
Cycle (Late WrHe) OE - High-Z IIOs 

Read-Modify-Write Data from Addressed 
Cycles Memory Cell 

Fast Page Mode Data from Addressed 
Read Memory Cell 

Fast Page Mode Write High-Z 
Cycle (Early Write) 

Fast Page Mode Read- Data from Addressed 
Modify-Write Cycle Memory Cell 

RA5-0nly Refresh High-Z 

CAS-before-RAS Data remains as in 
Refresh Cycle previous cycle 

CA5-0nly Cycles High-Z 



MOSEL-VITELIC V53C8256N 
HIGH PERFORMANCE, 3.3 VOL T 
256K X 8 BIT FAST PAGE MODE 
CMOS DYNAMIC RAM 

ADVANCED 
INFORMATION 

HIGH PERFORMANCE V53C8256N 60/60L 70170L 80/80L 

Max. RAS Access Time, (tRAC) 60 ns 70 ns 80 ns 

Max. Column Address Access Time, (tCAA) 35 ns 40 ns 45 ns 

Min. Fast Page Mode Cycle Time, (tpc) 45 ns 50 ns 55 ns 

Min. Read-Write Cycle Time, (tRC) 120 ns 130 ns 150 ns 

LOW POWER V53C8256N 

Max. CMOS Standby Current, (Ioos) 

Features 
• 3.3 Volt Operation 
• 256K x 8-bit organization 
• RAS access time: 60,70,80 ns 
• Low power dissipation for V53C8256N-80 

• Operating Current - 55 mA max. 
• TTL Standby Current - 1 .0 mA max. 

• Low CMOS Standby Current 
• V53C8256N - 500 J.IA max. 
• V53C8256NL - 8~ max. 

• Read-Modify-Write, RA5-0nly Refresh, CAS
before-RAS Refresh capability 

• Common I/O capability 
• Refresh Interval 

• V53C8256N - 512 cycles/8ms 
• V53C8256NL - 512 cycles/64ms 

• On-chip substrate bias generator 
• Fast Page Mode operation for a sustained data 

rate greater than 25 MHz 
• Standard packages are 24 pin Plastic DIP and 

26124 300 mil SOJ package 
• Low Battery Back-up Current 

• V53C8256NL - 200 J.IA max. 

Device Usage Chart 

Operating Package OuUlne 
Temperature 

Range P K 60 

{)OCto 70°C • • • 
V63C8256N Rev.01 April1993 

60L 

80 !lA 

70L 80L 

80 I1A 80 !lA 

Description 

The V53C8256N is a high speed 262,144 x 8 bit 
CMOS dynamic random access memory. The 
V53C8256N offers a combination of features: 3.3 V 
Operation, Fast Page .Mode for high data 
bandwidth, fast usable speed, CMOS standby 
current and, on request, extended refresh for very 
low data retention power (V53C8256NL). 

All inputs and outputs are TTL compatible. Input 
and output capacitances are significantly lowered to 
allow increased system performance. Fast Page 
Mode operation allows random or sequential 
~ccess of up to 512 (x8) bits within a row with cycle 
times as short as 45 ns. Because of static circuitry, 
the CAS clock is not in the critical timing path. The 
flow-through column address latches allow address 
pipelining while relaxing many critical timing 
requirements for fast usable speed. These features 
make the V53C8256N ideally suited for cache 
based mainframe and mini computers, graphics, 
digital signal processing and high performance 
microprocessor systems. 

The V538256NL offers a maximum data retention 
power of 0.8 mW when operating in CMOS standby 
mode and performing CAS-before-RAS refresh 
cycles. 

Access Time (ns) Power 
Temperature 

70 80 Low Std. Mark 

• • • • Blank 
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V 5 3 C 8 2 5 6N 

FAMILY 

-I ----I -I Y-I -I 
DEVICE PKG SPEED TEMP. 

d (tRAcl PWR. L 

Description 

Plastic DIP 

SOJ 

Pkg. Pin Count 

P 24 

K 26/24 

26/24 Lead SO./ 
PIN CONFIGURA TION 

Top View 

Vss Vss 
1/°1 1/°8 
IIO:! 3 1/0] 

I~ II0s 
1/°4 1/°5 
~ ~ 

OE 
AS 
A7 
AS 
As 
A4 

Absolute Maximum Ratings"' 

Ambient Temperature 
Under Bias ........•............•....... -10°C to +80°C 

Storage Temperature (plastic) .... -55°C to + 125°C 

Voltage Relative to Vss .................... -0.5 V to +6.0 V 
Data Output Current •..•...••.•.........•.•...•.•.•.•... 50 mA 
Power Dissipation ...••........... , ..............•......•. , 1.0 W 

'Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 

~ 
BLANK (O"C to 70'C) 

P (PLASTIC DIP) L BLANK (NORMAL) 
K (SOJ) L 

L (LOW POWER) 

SO (SO ns) 
70 (70 ns) 
80 (SO ns) 

24 Lead Plastic DIP 
PIN CONFIGURATION 

Top View 

Vss 
1/°1 
1/°2 
1/03 4 
1/°4 
WE 

1lAS" 
AO 
Al 

A2 
A3 11 

VDD 

Pin Names 

~-A8 Address Inputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE Write Enable 

OE Output Enable 

I/Ol-I/Oe Data Input, Output 

Voo +3.3V Supply 

Vss OV Supply 

NC No Connect 

Capacitance"' 
TA= 25°C, VDD = 5 V ± 10%, Vss = 0 v 

Symbol Parameter Typ. Max. 

CIN1 Address Input 3 4 

CIN2 RAS, CAS, WE, OE 4 5 

COUT Data Input/Output 5 7 

• Note: Capacitance is sampled and not 100% tested 
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Block Diagram 

VDD~ 

VSS~ 

AO 

Al en a: 
3: w 
0 0 a:8 

W 
A7 0 

AS 

V53C8256N 

256Kx8 

L,,------, l..---------, 
OECLOCK 

GENERATOR 

DATA I/O BUS 1/01 

1/°2 

COLUMN DECODERS 1/°3 
1/0 1/°4 

BUFFER 1/05 
SENSE AMPLIFIERS 

1/0 6 

1/°7 
IIOS 

512 
MEMORY 
ARRAY 
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DC and Operating Characteristics (1-2) 
TA = O"C to 70DC, voo = 3.3V ± 10%, VSS = a v, unless otherwise specified. 

V53C8256N V53C8256NL 
Symbol Parameter Access 

Time Min. Typ. Max. Min. Typ. Max. Unit Test Conditions Notes 

lu Input Leakage Current -10 10 -10 10 I!A Vss:5 V1N :5 Voo 
(any input pin) 

ILO Output Leakage Current -10 10 -10 10 I!A Vss:5 VOUT:5 Voo 
(for High-Z State) RAS, CAS at V1H 

60 65 65 
1001 V 00 Supply Current, 

70 60 60 rnA ~C = tRc (min.) 1,2 
Operating 

80 55 55 

1002 Voo Supply Current, RAS, CAS at V1H 
TTL Standby 1.0 1.0 rnA other inputs ;" V ss 

V DO Supply Current, 
60 65 65 

1003 RA8-0nly Refresh 70 60 60 rnA tRC = tRC (min.) 2 

80 55 55 

IOD4 V DD Supply Current, 60 60 60 
Fast Page Mode 

70 50 50 rnA Minimum Cycle 1,2 
Operation 

80 45 45 

IDDS V DO Supply Current, 2.0 1.0 rnA RAS=V1H, CAS=V1L 1 
Standby, Output Enabled other inputs ;" V ss 

IOD6 Voo Supply Current, RAS;" Voo - 0.2 V, 

CMOS Standby 0.6 0.08 rnA CAS;" Vorr 0.2 V, 
All other inputs;" Vss 

1007 Battery Back-Up CA8-before-RAS 

Data Retention Current N.A. 0.3 rnA Refresh cycle 18 
(V53C8256NL Only) ~c= 125115 

CMOS clock levels 

V1L Input Low Voltage -0.5 0.6 -0.5 0.6 V 3 

V1H Input High Voltage 2.2 Voo+ 2.2 Voo+ V 3 
0.5 0.5 

VOL Output Low Voltage 0.4 0.4 V IOL=3rnA 

VOH Output High Voltage 2.4 2.4 V IOH=-3 rnA 
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AC Characteristics 
T A = O·C to 70·C, V DO = 3.3V ±10%, V ss = OV unless otherwise noted 
AC Test conditions, input pulse levels a to 3V 

JEDEC 60/L 
# Symbol Symbol Parameter 

Min. Max. 

1 IRL1RHI 'w.s RAS Pulse Width 60 75K 

2 IRL2RL2 lAC Read or Wrile Cycle Time 120 

3 IRH2RL2 IRP RAS Precharge Time 50 

4 IRL1CHl IcsH CAS Hold Time 60 

5 1cL1CHl leAs CAS Pulse Width 20 

6 ~L1CLl ~D RAS 10 CAS Delay 25 40 

7 iwH2cL2 ~cs Read Command Setup Time 0 

8 IAVRL2 IASR Row Address Setup Time 0 

9 ~lAX 'w.H Row Address Hold Time 15 

10 IAVCL2 lASe Column Address Setup Time 0 

11 1cL1AX leAH Column Address Hold Time 15 

12 1cL1RH1(R) ~SH(R) RAS Hold Time (Read Cycle) 20 

13 1cH2RL2 1cRP CAS 10 RAS Precharge Time 5 

14 1cH2WX ~H Read Command Hold Time 5 
Referenced 10 CAS 

15 IRH2WX IRRH Read Command Hold Time 5 
Referenced 10 RAS 

16 'oEL1RH2 tROH RAS Hold Time 10 
Referenced to OE 

17 ~L10V 'oAC Access Time from OE 20 

18 IcLlov IeAc Access Time from CAS 20 

19 IRL10V 'w.c Access Time from RAS 60 

20 tAVOV IcM Access Time from Column 35 
Address 
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70/L BOIL 
Unit Notes 

Min. Max. Min. Max. 

70 75K 80 75K ns 

130 150 ns 

50 60 ns 

70 80 ns 

25 25 ns 

25 45 25 55 ns 4 

0 0 ns 

0 0 ns 

15 15 ns 

0 0 ns 

15 15 ns 

25 25 ns 

5 5 ns 

5 5 ns 5 

5 5 ns 5 

10 10 ns 

25 25 ns 

25 25 ns 6,7 

70 80 ns 6,8,9 

40 45 ns 6,7, 
10 



MOSEL-VITELIC V53C8266N 

AC Characteristics (Cont'd.) 

JEDEC 60/L 70/L 8O/L. 
# Symbol Symbol Parameter Unit Notes 

Min. Max. Min. Max. Min. Max. 

21 'cL1QX \z OE or CAS to Low-Z Output 0 0 0 ns 16 

22 'cH2QZ ~z OE or CAS to High-Z Output 0 20 0 20 0 20 ns 16 

23 ~L1AX tAR Column Address Hold Time 50 55 60 ns 
from RAS 

24 ~L1AV ~o RAS to Column Address 20 25 20 30 20 35 ns 11 
Delay Time 

25 'cl1RH1(W) tRSH(W) RAS or CAS Hold Time 20 25 25 ns 
in Write Cycle 

26 'wL1CHl 'cwL Write Command to CAS 15 20 20 ns 
Lead Time 

27 'wL1C12 'wes Write Command Setup Time 0 0 0 ns 12,13 

28 'cL1WHl 'weH Write Command Hold Time 15 15 15 ns 

29 'wL1WHl 'wp Write Pulse Width 15 15 15 ns 

30 ~L1WHl 'weR Write Command Hold Time 50 55 60 ns 
from RAS 

31 'wl1RHl ~L Write Command to RAS 20 25 25 ns 
Lead Time 

32 'oVWl2 'os Data in Setup Time 0 0 0 ns 14 

33 'w110X tOH Data in Hold Time 15 15 15 ns 14 

34 'wl1G12 'waH Write to OE Hold Time 15 15 15 ns 14 

35 ~H20X 'oED OE to Data Delay Time 15 20 20 ns 14 

36 ~12R12 ~c Read-Modify-Write 180 195 215 ns 
(RMW) Cycle TIme 

37 tRl1RHl ~RW Read-Modify-Write Cycle 115 135 145 ns 
(RMW) RAS Pulse Width 

38 'cl1W12 'cwo CAS to WE Delay 45 55 55 ns 12 
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AC Characteristics (Cont'd.) 

JEDEC 601l 70/l SOil 
# Symbol Symbol Parameter Unit Notes 

Min. Max. Min. Max. Min. Max. 

39 ~L1W12 tRWD RAS to WE Delay in 85 100 110 ns 12 

Read-Modify-Write Cycle 

40 IeL1CHl IeRW CAS Pulse Width (RMW) 75 85 85 ns 

41 tAVW12 tAWD Col. Address to WE Delay 65 70 75 ns 12 

42 tC12C12 tpc Fast Page Mode 45 50 55 ns 
Read or Write Cycle Time 

43 1eH2C12 lep CAS Precharge Time 10 10 10 ns 

44 tAVRH1 leAR Column Address to RAS 35 40 45 ns 
Setup Time 

45 IeH2QV leAp Access Time from 40 45 50 ns 7 
Column Precharge 

46 tRL1DX ~R Data in Hold Time 50 55 60 ns 
Referenced to RAS 

47 IeL1R12 icsR CAS Setup Time 10 10 10 ns 
CA5-befora-RAS Refresh 

48 tRH2C12 ~ RAS to CAS Precharge Time 10 10 10 ns 

49 tRL1CHl IeHR CAS Hold Time 30 30 30 ns 
CAS-befora-RAS Refresh 

50 kC12 ~M Fast Page Mode Read- 95 105 110 ns 
(RMW) Modify-Write Cycle Time 

~ ~ Transition Time 3 50 3 50 3 50 ns 15 

(Rise and Fa") 

tREF Refresh Interval 8 8 8 ms 17 
(512 Cycles) 

tREF Refresh Interval 64 64 64 ms 17,18 

V53C1 04NL Only 

(512 Refresh cycles, tRC=125 lIS) 
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Notes: 
1. 100 is dependent on output loading when the device output is selected. Specified 100 (max.) is measured with the 

output open. . 

2. 100 is dependent upon the number of address transitions. Specified 100 (max.) is measured with a maximum of two 
. transitions per address cycle in Fast Page Mode. 

3. Specified V1L (min.) is steady state operating. During transitions, V1L (min.) may undershoot to -1.0 V for a period not 
to exceed 20 ns. All AC parameters are measured with V1L (min.) ;:: Vss and V1H (max.) :S Voo. 

4. ~CD (max.) is specified for reference only. Operation within tRCO (max.) limits insures thattRAC (max.) and tcAA (max.) 
can be met. If tRCO is greater than the specified~co (max.), the access time is controlled by tcAA and tcAC. 

5. Either tRRH or ~CH must be satisified for a Read Cycle to occur. 

6. Measured with a load equivalent to two TTL inputs and 50 pF. 

7. Access time is determined by the longest of tcAA, tcAC and tcAp. 

8. Assumes thattRAo :StRAo (max.).lftRAo is greater than ~AO (max.), tRAc will increase by the amountthattRAo exceeds 
~AD (max.). 

9. Assumesthat~co :S~co (max.).lftRCO is greater than tRco (max.), tRAcwili increase by the amountthat~co exceeds 
tRCD (max.). 

10. Assumes that tRAO ;:: tRAO (max.). 

11. Operation within thetRAD (max.) limit ensures thattRAc (max.) can be met. tRAO (max.) is specified as a reference point 
only. If tRAO is greater than the specified tRAO (max.) limit, the access time is controlled by tcAA and tcAC. 

12. twcs, ~WO, tAWD and tcwo are not restrictive operating parameters. 

13. twcs (min.) must be satisfied in an Early Write Cycle. 

14. tos and toH are referenced to the latter occurrence of CAS or WE. 

15. tT is measured between V1H (min.) and V1L (max.). AC-measuremEmts assume tT = 5 ns. 

16. Assumes a three-state test load (5 pF and a 380 Ohm Thevenin equivalent). 

17. An initial 200 lIS pause and 8 RAS-containing cycles are required when exiting an extended period of bias without 
clocks. An extended period of time without clocks is defined as one that exceeds the specified Refresh Interval. 

18. This is battery backup data retention mode under CAS-before-RAS refresh cycles. 

tRc = 125 lIS (125 lIS x 512 = 64 ms) 

tRAS = tRAS (min.) to 1 lIS 

Input voltages: RAS and CAS V1H > Voo - 0.2 V 
V1L <0.2V 

WE and OE V1N > Voo - 0.2 V 
All other inputs at stable V1H or V1L 
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Waveforms of Read Cycle 

RAS V'H -

V'L -

CAS 
V'H -

V'L -

ADDRESS 
V'H -

V'L -

WE V'H -

V'L -

OE V'H -

V'L -

1/0 
VOH -

VOL -

Waveforms of Early Write Cycle 

RAS 
V'H -

V'L -

V'H -
CAS 

V'L -

ADDRESS 
V'H -

V'L -

WE 
V'H -

V'L -

V'H -OE 
V,L -

V,H -
VO VALID DATA-IN HIGH-Z 

V,L -
67602 
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Waveforms of OE-Controlled Write Cycle 

l RAS (l) 

IRC(2) 

IAR (23) V1H -:-
RAS 

V 1L -'-

VIH-
CAS 

V 1L -

V 1H -
ADDRESS 

V 1L -' 

V 1H -
WE 

V 1L -

Oe 
V 1H -

V 1L -

110 
V 1H -

V 1L -

67603 

Waveforms of Read-Modify-Write Cycle 

1+-------------IRWC(36)-----------t 
14---------IRRW(37) -----------t 
1+---- tAR (23) 

RAS ~H -

V1L -

VIH-

14-------ICSH (4)-----------+1 
--rol-----:---IRSH (W)(25)-------'---~ 

r-+i!---....;..;.~ I CRW(40)---------t ,-1-+--", 
CAS 

V1L -

ADDRESS 
V1H -

V1L -

IRAD (24) 

WE 
V1H -

V1L -

OE 
V1H -

V1L -

110 
V1H 

V1L 
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Waveforms of Fast Page Mode Read Cycle 

RAS 

ADDRESS 

WE 

OE 

uo 

VIH

V 1L -

V1H -

V 1L -

V 1H -

V 1L -

V 1H -

V 1L -

V 1H -

V 1L -

Waveforms of Fast Page Mode Write Cycle 

RAS 
VIH-

V 1L -

CAS 
V 1H -

V 1L -

ADDRESS 

WE 
V 1H -

V 1L -

Oe 
V1H -

V 1L -

I/O 
V 1H -

V 1L -

V53C8256N 

67605 
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Waveforms of Fast Page Mode Read-Write Cycle 

WE 
V1H -

V1L -

OE 
V1H -

V1L -

Waveforms .of RAS-Only Refresh Cycle 

t----------IRC(2)----------~ 

-------1I4-------- IRAS (1)-------+l.r...,...---1 

ADDRESS 
V1H _' ..,... ...... ,...,....,...., ...... j,---~, ..... ..,... ............ ..,... ...... ,...,....,...., ..... ..,....,..., ...... ..,.....,...... ............... J------
V 1L -

157908 
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Waveforms of CAS-before-RAS Refresh Counter Test Cycle 

RAS 
VIH-

V il -

CAS 
VIH -

V ll -

ADDRESS 
VIH -

VIl-

WE 
VIH -

V ll -

OE 
V IH -

Vll -

I/O 
VIH -

V ll -

WE 
VIH -

V ll -

OE 
VIH -

Vll -

I/O 
VIH -

DIN 
V ll - 676 12 

Waveforms of CAS-before-RAS Refresh Cycle 

VIH

V ll -

1------tRC(2)-----------------<~ 
t-----tRAS(I) ------~ 

Z-----------1 Z-----------1 
RAS 

CAS 

t HZ (22) --t-o>----l 

NOTE: WE, CE, Ao-A 7 = Don't care 

t------ tCHR (49) ----~ 
tCSR (47) 
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Waveforms of Hidden Refresh Cycle (Read) 

RAS 
VIH-

V 1L -

V 1H -
CAS 

V 1L -

ADDRESS 
V 1H -

V 1L -

WE 
V 1H -

V 1L -

OE 
V 1H -

V 1L -

V OH-
I/O 

V OL-

Waveforms of Hidden Refresh Cycle (Write) 

RAS' 
VIH-

V 1L -

CAS 
V 1H -

V 1L -

ADDRESS 
V 1L -

WE 
V 1H -

V 1L -

OE 
V IH -

V 1L -

V 1H -
I/O 

V 1L - @ '~ XXX IH\UD DAT;ctlXX'lX:tiXiXX'IJX'ttttIXXXxxxxxx 
t DHA (46) 676 11 
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FuncUonalDescripUon 
The V53C8256N is a CMOS dynamic RAM 

optimized for high data bandwidth, low power 
applications. It is functionally similar to a traditional 
dynamic RAM. The V53C8256N reads and writes 
data by multiplexing an 18-bit address into a 9-bit 
row and a 9-bit column address. The row address is 
latched by the Row Address Strobe (RAS). The 
column address "flows through" an internal address 
buffer and is latched by the Column Address Strobe 
(CAS). Because access time is primarily dependent 
on a valid column address rather than the precise 
time that the CAS edge occurs, the delay time from 
RAS to CAS has little effect on the access time. 

Memory Cycle 
A memory cycle is initiated by bringing RAS low. 

Any memory cycle, once initiated, must not be 
ended or aborted before the minimum tRAS time has 
expired. This ensures proper device operation and 
data integrity. A new cycle must not be initiated until 
the minimum precharge time tRpltcP has elapsed. 

Read Cycle 
A Read~le is performed by holdin~ Write 

Enable (WE) signal High during a RAS/CAS 
operation. The column address must be held for a 
minimum specified by tAR. Data Out becomes valid 
only when toAC, tRAC, tcAA and tcAC are all satisifed. 
As a result, the access time is dependent on the 
timing relationships between these parameters. For 
example, the access time is limited by tcAA when 
tRAC, tCAC and toAC are all satisfied. 

Write Cycle 
~ Write Cycle is performed by taking WE and 
CAS low during a RAS operation. The column 
address is latched by CAS. The Write Cycle can be 
WE controlled or CAS controlled depending on 
whether WE or CAS falls later. Consequently, the 
input data must be valid at or before the falling edge 
of WE or CAS, whichever occurs last. In the CAS
controlled Write Cycle, when the leading edge of 
WE occurs prior to the CAS low transition, the I/O 
data pins will be in the High-Z state at the beginning 

V53C8256N 

of the Write function. Ending theWrite with RAS or 
CAS will maintain the output in the Hl9!!-Z state. 

In the WE controlled Write Cycle, OE must be in 
the high state and tOED must be satisfied. 

Refresh Cycle 
To retain data, 512 Refresh Cycles are required 

in each 8 ms period. There are two ways to refresh 
the memory: 

1. By clocking each of the 512 row addresses (Ao 
through As) with RAS at least once every 8 ms. 
Any Read, Write, Read-Modify-Write or RAS
only cycle refreshes the addressed row. 

2. Using a CAS-before-RAS Refresh Cycle. If CAS 
makes a transition from low to high to low after 
the previous cycle and before RAS falls, CAS
before-RAS refresh is activated. The 
V53C8256N uses the output of an internal 9-bit 
counter as the source of row addresses and 
ignore external address inputs. 

CAS-before-RAS is a "refresh-only" mode and no 
data access or device selection is allowed. Thus, 
the output remains in the High-Z state during the 
cycle. A CAS-before-RAS counter test mode is 
provided to ensure reliable operation of the intemal 
refresh counter. 

Data Retention Mode 
The V53C8256N offers a CMOS standby mode 

that is entered by causing the RAS clock to swing 
between a valid V1L and an "extra high" V1H within 
0.2 V of Voo. While the RAS clock is at the "extra 
high" level, the V53C8256N power consumption is 
reduced to the low 1006 level. Overall 100 
consumption when operating in this mode can be 
calculated as follows: 

Where: 
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tRC = Refresh Cycle Time 
tRX = Refresh Interval 1512 
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Fast Page Mode Operation 
Fast Page Mode operation permits all 1024 

columns within a selected row of the device to be 
randomly accessed at a high data rate. Maintaining 
RAS low while performing successive CAS cycles 
retains the row address internally and eliminates 
the need to reapply it for each cycle. The column 
address buffer acts as a transparent or flow-through 
latch while CAS is high. Thus, access begins from 
the occurrence of a valid column address rather 
than from the falling edge of CAS, eliminating tAsc 
and tT from the critical timing path. CAS latches the 
address into the column address buffer and acts as 
an output enable. During Fast Page Mode 
operation, Read, Write, Read-Modify-Write or 
Read-Write-Read cycles are possible at random 
addresses within a row. Following the initial entry 
cycle into Fast Page Mode, access is tcAA or tCAP 
controlled. If the column address is valid prior to the 
rising edge of CAS, the access time is referenced to 
the CAS rising edge and is specified b~. If the 
column address is valid after the rising CAS edge, 
access is timed from the occurrence of a valid 
address and is specified by tcAA. In both cases, the 
falling edge of CAS latches the address and 
enables the output. 

Fast Page Mode provides a sustained data ratE! 
of 25 MHz for applications that require high data 
rates such as bit-mapped graphics or high-speed 
signal processing. The following equation can be 
used to calculate the maximum data rate: 

1024 
Data Rate = 

tRC + 1023 x tpc 

Data Output Operation 
-Ihe V53C8256N InputlOutJ)ut is controlled by 
OE, CAS, WE and RAS. A RAS low transition 
enables the transfer of data to and from the 
selected row address in the Memory Array. A RAS 
high transition disables data transfer and latches 
the output data if the output is enabled. After a 
memory cycle is initiated with a RAS low transition, 
a CAS low transition or CAS low level enables the 
internal 1/0 path. A CAS high transition or a CAS 
high level disables the 1/0 path and the output driver 
if it is enabled. A CAS low transition while RAS is 
high has no effect on the 1/0 data path or on the 
output drivers. The output drivers, when otherwise 
enabled, can be disabled by holding OE high. The 

V53C8256N 

OE signal has no effect on any data stored in the 
output latches. A WE low level can also disable the 
output drivers when CAS is low. During a Write 
cycle, if WE goes low at a time in relationship to 
CAS that would normally cause the outputs to be 
active, it is necessary to use OE to disable the 
output drivers prior to the WE low transition to allow 
Data In Setup Time (tos) to be. satisfied. 

Power-On 
After application of the Voo supply, an initial 

pause of 200 IJS is required followed by a minimum 
of8 initialization cycles (any combination of cycles 
containing a RAS clock). Eight initialization cycles 
are required after extended periods of bias without 
clocks (greater than the Refresh Interval). 

During Power-On, the Voo current requirement of 
the V53C8256N is dependent on the input levels of 
RAS and CAS. If RAS is low during Power-On, the 
device will go into an active cycle and 100 will exhibit 
current transients. It is recommended that RAS and 
CAS track with Voo or be held at a valid VIH during 
Power-On to avoid current surges. 
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Table 1. V53C8256N Data Output 
Operation for Various Cycle Types 

Cycle Type 110. State 

Read Cycles Data from Addressed 
Memory Ceil 

CAS-Controlled Write High-Z 
Cycle (Early Write) 

WE-Controlled WrHe OE Controlled. High 
Cycle (Late WrHe) OE = High-Z I/os 

Read-Modify-Write Data from Addressed 
Cycles Memory Cell 

Fast Page Mode Data from Addressed 
Read Memory Cell 

Fast Page Mode Write High-Z 
Cycle (Early Write) 

Fast Page Mode Read- Data from Addressed 
Modify-WrHe Cycle Memory Cell 

RA8-0nly Refresh High-Z 

CAS-before-RAS Data remains as in 
Refresh Cycle previous cycle 

CA8-0nly Cycles High-Z 



MOSEL-VITELIC V53C8257H 
UL TRA-HIGH SPEED, 
256K X 8 BIT BURST AND 

ADVANCED 
INFORMATION 

FAST PAGE MODE CMOS DYNAMIC RAM 

HIGH PERFORMANCE 

Max. RAS Access Time, (tRAcl 

Max. Column Address Access Time, (IcAA) 

Min. Fast Page Mode Cycle Time, (tpcl 

Min. ReadiWrite Cycle Time, (tRel 

Min. Burst Mode Cycle Time, (leel 

Features 
• 256K x 8-bit organization 
• Burst Mode for a sustained data rate greater 

than 65 MHz 
• Fast Page Mode for a sustained data rate 

greater than 33 MHz 
• RAS access time: 45, 50 ns 
• Low power dissipation 

• V53C8257H-45 
- Operating Current - 135 mA max 
- TTL Standby Current - 2.0 mA max 

• Low CMOS Standby Current 
• Read-Modify-Write, RA5-0nly Refresh, 

CAS-Before-RAS Refresh capability 
• Refresh Interval 

• V53C8257H - 512 cycles/8 ms 
• Available in 24 pin 300 mil Plastic DIP and 

26/24 pin 300 mil SOJ packages 

Device Usage Chart 

Operating Package Outline 
Temperature 

Range P K 45 

O·Cto 70·C . . . 
V53C8257H Rev.OO February 1993 

45/45L 50/50L 

45 ns 50 ns 

24 ns 26 ns 

30 ns 32 ns 

100 ns 110 ns 

15 ns 20 ns 

Description 
The V53C8257H is a high speed 262,144 x 8 bit 

CMOS dynamic random access memory. The 
V53C8257H offers a combination of features: Burst 
Mode and Fast Page Mode for high data bandwidth. 

All inputs and outputs are TTL compatible. Input 
and output capacitances are significantly lowered to 
allow increased system performance. Burst Mode 
operation provides 256 (x8) sequential address 
bursts with cycle times as short as 15 ns. Burst 
Mode operation requires no external address 
information. Fast Page Mode operation allows 
random access of up to 512 (x8) bits within a row 
with cycle times as short as 30 ns. Because of static 
circuitry, the CAS clock is not in the critical timing 
path. The flow-through column address latches 
allow address pipelining while relaxing many critical 
system timing requirements for fast usable speed. 
These features make the V53C8257H ideally suited 
for graphics, digital signal processing and high 
performance computing systems. 

Access Time (ns) Power 
Temperature 

50 Low Std. Mark . . . Blank 
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MOSEL-VITELIC V53C400F PRELIMINARY 
HIGH PERFORMANCE, LOW POWER 
4M X 1 BIT FAST PAGE MODE 
CMOS DYNAMIC RAM 

HIGH PERFORMANCE V53C400F 

Max. RAS Access Time, (I" .. ,,) 

Max. Column Address Access Time, (I"A") 

Min. Fasl Page Mode Cycle Time, (Ip ,,) 

Min. ReadIWrile Cycle Time, (I",,) 

LOW POWER V53C400FL 

Max. CMOS Slandby Current, (100 ) 

Features 
• 4M x 1-bit organization 
• RAS access time: 60,70,80,100 ns 
• Low power dissipation 

• V53C400F-10 
- Operating Current - 75 mA max. 
- TTL Standby Current - 2.0 mA max. 

• Low CMOS Standby Current 
• V53C400F - 1.0 mA max. 
• V53C400FL - 0.4 mA max. 

• Battery Back-up Mode (V53C400FL Only) 
• Read-Modify-Write, RAS-Only Refresh, 

CAS-Before-RAS Refresh capability 
• Refresh Interval 

• V53C400F - 1024 cycles/16ms 
• V53C400FL - 1024 cycles/64ms 

• On-chip substrate bias generator 
• Fast Page Mode for a sustained data rate 

greater than 20 MHz 
• Available in 26/20 pin SOJ package (300 mil) 

Description 

The V53C400F is a high speed 4,194,304x1 bit 
CMOS dynamic random access memory. The 

Device Usage Chart 

60/60L 70170L 80/80L 10/10L 

60 ns 70 ns 80 ns 100 ns 

30 ns 35 ns 40 ns 50 ns 

45 ns 50 ns 55 ns 65 ns 

120 ns 130 ns 150 ns 180 ns 

10L 

O.4mA 

V53C400F offers a combination of features: Fast 
Page Mode for high data bandwidth, fast usable 
speed, CMOS standby current and, on request, 
extended refresh for very low data retention power 
(V53C400FL). 

All inputs and outputs are TTL compatible. Input 
and output capacitances are significantly lowered to 
allow increased system performance. Fast Page 
Mode operation allows random access of up to 1 024 
bits within a row with cycle times as short as 50 ns. 
Because of static circuitry, the CAS clock is not 
in the critical timing path. The flow-through column 
address latches allow address pipelining while relax
ing many critical system timing requirements for fast 
usable speed. These features make the V53C400F 
ideally suited for graphics, digital signal processing 
and high performance computing systems. 

The V53C400FL offers a maximum data retention 
power of 3.3 mW when operating in CMOS standby 
mode and performing RAS-only or CAS-before-RAS 
refresh cycles. 

Operating Package Outline Access Time (ns) Power 
Temperature Temperature 

Range K 60 70 80 100 Low Std. Mark 

O°C to 70°C . . . . . . . Blank 

V53C400F Rev. 01 January 1993 
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MOSEL-VITELIC V53C400F 

V53C400F 

y 
FAMILY 

Pin Count 

26/20 

26120 Lead SOJ Package 
PIN CONFIGURATION 

Top View 

DIN vss 
WE Dour 

RAS CAS 
NC NC 

A,o Ag 

Ao As 
A, A7 
A2 As 
A3 A5 

voo A4 

Absolute Maximum Ratings"' 

Ambient Temperature 
Under Bias ................................. -10°C to +80°C 

Storage Temperature (plastic) .... -55°C to + 125°C 
Voltage Relative to Vss ................ -1.0 V to +7.0 V 
Data Out Current ......................................... 50 mA 
Power Dissipation ......................................... 1.0 W 

'Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 

I DEJICE I - plG ~P~E~ -I-TE~P. 
J (tRA~cl PWR. L BLANK (O·Cto 70·C) 

K (SOJ) L BLANK (NORMAL) 
L L (LOW POWER) 

60 (60 ns) 
70 (70 ns) 
80 (80 ns) 
10 (lOOns) 

LOGIC SYMBOL 

Ao 
A, 
A2 
~ 
A4 
As DIN 
As 
A7 Dour 
As 
Ag 
lIjo 
RAS 
CAS 
WE 

Pin Names 

A,,-A,o Address Inputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE Write Enable 

DIN Data Input 

Dour Data Output 

voo +5V Supply 

Vss OV Supply 

NC NoConhect 

Capacitance"' 
TA = 25°C, VDD = 5 V ±10%, VSS = 0 v 

Symbol Parameter Typ. Max. Unit 

CIN1 Address - 6 pF 

CIN2 RAS,CAS, WE - 7 pF 

COUT DIJDOUT - 7 pF 

·Note: Capacitance is sampled and not 1 00% tested 
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Block Diagram 

4Mx1 

L CASCLOCK - - WE CLOCK RASCLOCK 4: GENERATOR r- GENERATOR GENERATOR 

VDD~ 

VSS~ 

.,..... 

.,....... 
· · · .,....... 

.,......., 

1 
REFRESH 
COUNTER 

..!,,~_ 9 

en en a: a: 
WW 
u..0 

!58 mw 
en o 
en W wa: a: 0. 
00 
Oz « 

..... ' -
Xo-X9 

- ------'" 

1 
I 

X10'Y10" 
t 

f----,-
DATA 1/0 SELECT r----

COLUMN DECODERS 

Yo-Y9 
SENSE AMPLIFIERS 

~}096 

en a: 
~ ~w MEMORY 

0 0 
a:8 ----v ARRAY 

W 
0 
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MOSEL-VITELIC V53C400F 

DC and Operating Characteristics (1-2) 
T A = o'e to 70'e, v DD = 5 V ± 10%, V ss = 0 V, unless otherwise specified. 

V53C400F V53C400FL 
Access 

Symbol Parameter Time Min. Max. Min. Max. Unit Test Conditions Notes 

III Input Leakage Current -10 10 -10 10 !LA Vss';; V1N ,;; Voo 
(any input pin) 

ILO Output Leakage Current -10 10 -10 10 !LA Vss';; VOUT ,;; Voo 
(for High-Z State) RAS, CAS at V1H 

1001 Voo Supply Current, 60 100 100 rnA tRc = tRC (min.) 1,2 

Operating 70 90 90 

80 80 80 

100 70 70 • 1002 Voo Supply Current, 2.0 2.0 rnA RAS, CAS at V1H 
TTL Standby other inputs ~ V ss 

10Da V 00 Supply Current, 60 100 100 rnA tRC = tRc (min.) 2 

RA5-0nly Refresh 70 90 90 

80 80 80 

100 70 70 

10D4 Voo Supply Current, 60 100 100 rnA Minimum Cycle 1,2 

Fast Page Mode 70 90 90 

Operation 80 80 80 

100 70 70 

1005 Voo Supply Current, 5 4 rnA RAS=V1H, CASaV1L 
Standby, Output Enabled other Inputs ~ V SS 

10D6 Voo Supply Current, 1 0.4 rnA RAS ~ VOIJ 0.2 V 
CMOS Standby CAS ~ VOO - 0.2V 

other inputs ~ V ss 

1007 Battery Back-up N.A. 0.6 rnA CA&Before-RAS 18 
Data Retention Current Refresh cycle 
(Only V53C400L) tRc = 62.5 JJS 

CMOS clock levels 

V1L Input Low Vo~age -1.0 0.8 -1.0 0.8 V 3 

V1H Input High Voltage 2.4 Voo+1 2.4 Voo+1 V 3 

VOL Output Low Vo~ge 0.4 0.4 V IOL = 4.2.mA 

VOH Output High VOltage 2.4 2.4 IOH --5 rnA 

2-215 



MOSEL-VITELIC V53C400F 

AC Characteristics 
TA = O·C to 70"C, voo = 5 V ±10%, vss = 0 V, unless otherwise noted· 

801L 701L 6O/L 1 OIL 

JEDEC 
# Symbol Symbol Parameter Min. Max. Min. Max. Min. Max. Min. Max. Unit Notes 

1 ~L1RHl lRAs RAS Pulse Width 60 75K 70 75K 60 75K 100 75K ns 

2 ~L2RL ~c Read or Write Cycle 120 130 150 180 ns 
TIme 

3 ~H2RL2 ~p RAS Precharge Time 50 50 60 70 ns 

4 tAVRL2 tASR Row Address Setup 0 0 0 0 ns 
TIme 

5 ~L1AX lRAH Row Address Hold 10 10 10 15 ns 
TIme 

6 tAVRHl teAR Column Address to 30 35 40 50 ns 
RAS Setup Time 

7 ~L1AV lRAo RAS to Column 15 30 15 35 15 40 20 50 ns 4 
Address Delay TIme 

8 tAvCL2 tASe Column AddressSetup 0 0 0 0 ns 
Time 

9 leL1AX teAH , Column Address Hold 15 15 15 20 ns 
TIme 

10 ~L1CLl ~ RAS to CAS Delay 20 45 20 50 20 60 25 75 ns 5 

11 ~Ll0V lRAc Access TIme from RAS 60 70 80 100 ns 6,7,8 

12 tAVOV tcAA Access Time from 30 35 40 50 ns 8,9,10 
ColumnAddress 

13 fCt.l0V teAc Access Time from CAS 15 20 20 25 ns 8,10 

14 tcL1CH1(R) tcAS(R) CAS Pulse Width in 15 20 20 25 ns 
Read Cycle 

15 tcL1RH1(Ri ~(FI) RAS Hold Time 15 20 20 25 ns 
(Read Cycle) 

16 lwti2CL2 ~cs Read Command Setup 0 0 0 0 ns 
Time 

17 leH2WX ~CH Read Command Hold 0 0 0 0 ns 11 
Time '(Referenced 
to CAS) 

18 ~H2WX tRRH Read Command Hold 0 0 0 0 ns 11 
Time (Referenced 
toRAS) 

19 leH2RL2 leRP CAS to RAS Precharge 5 5 5 10 ns 
Time 

20 leH2QX toFF Output Buffer 0 20 0 20 0 20 0 25 ns 12 
Tum Off Delay 

21 leH2QV foH Data Hold Time from 0 0 0 0 ns 11 
CAS 

22 'wL1WHl twp Write Pulse Width 10 15 15 20 ns 

2-216 



MOSEL-VITELIC V53C400F 

AC Characteristics (Cont'd.) 

60/L 70IL SOIL 1 OIL 

JEDEC 
# Symbol Symbol Parameter Min. Max. Min. Max. Min. Max. Min. Max. Unit Notes 

23 IeH2Cl2 lep CAS Precharge Time 10 10 10 10 ns 

24 tRllAX tAR Column Address Hold 50 55 60 75 ns 
Time from RAS 

25 Iel1CH1(W) IcAs(W) CAS Pulse Width in 15 20 20 25 ns 
Write Cycle 

26 IellRH1(W) tRSH(W) RAS or CAS Hold Time 15 20 20 25 ns 
in Write Cycle 

27 tRllWH1 tWCR Write Command Hold 50 55 60 75 ns 
Time from RAS • 28 tWllCl2 twcs Write Command Setup 0 0 0 0 ns 13,14 
Time 

29 IellWH1 tWCH Write Command Hold 10 15 15 20 ns 
Time 

30 tOVWl2 tos Data In Setup Time 0 0 0 0 ns 15 

31 tWH10X tOH Data In Hold Time 15 15 15 20 ns 15 

32 tR1l0X tOHR Data In Hold Time 50 55 60 75 ns 
Referenced to RAS 

33 tRl2Rl2 tAwC Read-Modify-Write 140 155 175 210 ns 
(RMW) Cycle Time 

34 tRllRH1 tRAW Read-Modify-Write 80 95 105 130 ns 
(RMW) Cycle RAS Pulse Width 

35 tRllWl2 tRWO RAS to WE Delay Time 60 70 80 100 ns 13 
Read-Modify-Write 
Cycle 

36 1e1lWl2 lewD CAS to WE Delay 15 20 20 25 ns 13 

37 tAVWl2 tAWO Column Address to 30 35 40 50 ns 13 
WE Delay 

38 IeH2QV leAP Access Time from 35 40 45 55 ns 17 
Column Precharge 

39 Iel2Cl2(R) tpc Fast Page Mode Read 40 45 55 65 ns 
or Write Cycle Time 

40 Iel2Cl2 tpCM Fast Page Mode Read- 70 75 80 95 ns 
(RMW) Modify-Write Cycle 

Time 

41 tWllRH1 tAWl Write Command to 15 20 20 25 ns 
RAS Lead Time 

42 tWll CH1 lewl Write Command to 15 20 20 25 ns 
CAS Lead Time 

43 ~H2Cl2 tRPe RAS to CAS Precharge 5 5 5 5 ns 
Time 
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ACCharacteristics (Confd.) 

60/L 701L SOIL 1 OIL 

JEDEC 
# Symbol Symbol Parameter Min. Max. Min. Max. Min. Max. Min. Max. Unit Notes 

44 IcL1R12 IcsR CAS Setup Time 5 5 5 5 ns 
CA5-before-RAS 
Refresh 

45 ~L1CHl IcHR CAS Hold Time 15 15 15 15 ns 
CA5-before-RAS Cycle 

46 ~L1CHl IcsH CAS Hold Time 60 70 80 100 ns 

47 !wH2R12 !wRP WE to RAS precharge 10 10 10 10 ns 
time (CA5-Before-RAS 
. Refresh cycle) 

48 . tRL1W12 !wRH WE Hold Time from 10 10 10 10 ns 
RAS (CA5-Before-RAS 
Refresh Cycle) 

49 !wL1R12 tWSR RAS to WE set-up 10 10 10 10 ns 20.21 
TIme (Test Mode) 

50 ~L1WHl tWHR RAS to WE hold Time 10 10 10 10 ns 20.21 
(Test Mode) 

51 tT tT Transition Time 3 50 3 50 3 50 3 50 ns 16 
(Rise and Fall) 

52 tREF Refresh Interval 16 16 16 16 rns 19 
(1024 Cycles) 

53 ~EF Refresh Interval 64 64 64 64 ms 18.19 
V53C400FL Only 
(i 024 Cycles. 
~c = 62.5 1'8) 
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Notes: 
1. 100 is dependent on output loading when the device output is selected. Specified 100 (max.) is measured with the 

output open. 

2. 100 is dependent upon the number of address transitions. Specified 100 (max.) is measured with a maximum of two 
transitions per address cycle in Fast Page Mode. 

3. Specified V1L (min.) is steady state operating. During transitions, V1L (min.) may undershoot to -1.0 V for a period 
not to exceed 20 ns. All AC parameters are measured with V1L (min.) <: V ss and V1H (max.) s V DO' 

4. Operation within the ~AD (max.) limit ensures that tRAC (max.) can be met. tRAD (max.) is specified as a reference 
point only. If ~D is greater than the specified ~AD (max.) limit, the access time is controlled by leM and leAC' 

5. ~CD (max.) is specified for reference only. Operation within tRCO (max.) limits insures that~Ac (max.) and~ (max.) 
can be met. If ~CD is greater than the specified ~CD (max.), the access time is controlled by tCM and tCAC' 

6. Assumes that~AD S~AD (max.). IftRAD is greater than tRAD (max.), tRAC will increase by the amountthat~Ao exceeds 
tRAD (max.). 

7. Assumes that~cD S ~CD (max.). If~CD is greater than tRCD (max.), ~AC will increase by the amountthattRcD exceeds 
~CD (max.). 

8. Measured with a load equivalent to two TTL inputs and 100 pF. 

9. Assumes that ~AD <: ~D (max.). 

10. Access time is determined by the longest of tCAA, ~c and leAP' 

11. Either tRRH or ~CH must be satisified for a Read Cycle to occur. 

12. !oFF and too define the time at which Dour reaches an open circuit condition and are not referenced to the output 
voltage level. 

13. fwcs, tRWD, tAWD and lewD are not restrictive operating parameters. 

14. fwcs (min.) must be satisfied in an Early Write Cycle. 

15. los and loH are referenced to the latter occurrence of CAS or WE. 

16. 1r is measured between V1H (min.) and V1L (max.). AC-measurements assume 1r = 5 ns. 

17. Assumes a three-state test load (5 pF and a 380 Ohm Thevenin equivalent). 

18. An initial 200 IJS pause and 8 RA5-containing cycles are required when exiting an extended period of bias without 
clocks. An extended period of time without clocks is defined as one that exceeds the specified Refresh Interval. 

19. This is battery backup data retention mode under CAS-before-RAS refresh cycles. 

~c = 62.5 IJS (62.5 IJS x 1024 = 64 ms) 

~s = tRAS (min) to 1 IJS 

Input voltages: RAS and CAS 

WE andOE 

V1H > VOD - 0.2 V 

V1L <0.2 V 

V1N > VDD -0.2 V 

All other inputs at stable V1H or V1L 

20. The test mode is initiated by performing a WE and CAS-before-RAS cycle. This mode is latched and remains in 
effect until the exit cycle is generated. The test mode specified in this data sheet is 8-bits parallel testing function. 

RA10, CAlC' CAo are not used. In the read cycle, if two internal bits on one 1/0 pin are equal, the 1/0 pin will indicate 
a high level. If internal bits on one 1/0 are not equal, then the 1/0 pin will indicate a low level. The test mode is cleared 
and the memory device returned to its normal operational state by performing a RAS-only refresh cycle or a CAS
before-RAS refresh cycle. 

21. In a test mode read cycle, the value of access time parameters is delayed by 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value (5 ns) to the specified value in this 
data sheet. 
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Waveforms of Read Cycle 

V 1H -
RAS V 1L -

CAS V1H -
V 1L -

V1H -
WE V1L -

o VQH_ 
OUT VOL -

.... --------------IRC(2) ---------~~ 

.... ---------1 RAS (1) ----------+t 

100201 

Waveforms of Early Write Cycle 

V1H -
RAS V 1L -

V 1H -
CAS V 1L -

V1H -
WE V1L -

V 1H -
V1L -

DOUT VOH-
VOL -

~---------------IRC(2) -----------.! 
~---------tRAS(l)---------

1------- t DHR (32) ---""----+I 

-----------HIGH-Z--------------------

1002 02 
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Waveforms of Fast Page Mode Read Cycle 

V1H -
RAS V1L -

V1H -
WE V1L -

D VQH-
OUT VOl -

14--------------tRAS (1) ----'< l---------iOI 

----HIGH-Z 

• \elid Data 

Waveforms of Fast Page Mode Write Cycle 
14-------------tRAS (1) ----->-l---------~ 

RAS V1H -
V1L -

CAS 

t CRP (19)1+-

t RCD (10) ..,.,,+.--;.r. 
V1H -
V1L -

V1H -
WE V1L -

V1H -
V 1L -
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Waveforms of Read-Modify-Write Cycle 

VIH -
RAS VIL -

~-------------t RWC (33) -----------t 

---.l~--------tRRW(34) --------Ir------..i 

t RWL(41) I------<~ 
tCRP(19) 

V IH -
CAS VIL -

WE 
VIH -
VIL -

DIN 
VIH -
VIL -

VALID DATA, ----------HIGH-Z-----~ 

~-----------~-~ 
62403 

Waveforms of RAS-Only Refresh Cycle 

VIH -
RAS V IL -

DOUT V OH -
VOL -

~---------------tRC (2) ------------t 
~---------tRAS(I)---~-----

----~ ~--------~ 

tRP(3) 
~---~ tRAH (5) 

-----------HIGH-Z--------------------
100204 
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Waveforms of Fast Page Mode Read-Modify-Write Cycle 

14-------------1 RAS (1) ------1.1------+1 

V IH -
RAS VIL -

CAS 

VIH -
WE VIL -

DIN 
V IH -
VIL -

DOUT VOH- -- HIGH-Z VOL - VALID DATAOUT 

62410 
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Waveforms of CA5-before-RAS Refresh Cycle 

VIH -
CAS V IL -

VIH -
WE VIL -

o VQH _ 
OUT VOL -

1'+---------IRC(2)----------+t 

1'4----1 RAS (1) ----------*1 
~--------~ ~--------, 

I CP(23) 14---1 1+----+- I CHR (45) 

..... -~ I WRH(48) 

1----1 IOFF(20) 

_____ -J)>--------HIGH-Z-----------'"'--------
153605 

Waveforms of Hidden Refresh Cycle (Read) 

-----.J 1'+---- I RAS (1) ---~ ~---"" 1"">-----1 RAS (1) -----+I 

ICRP(19) 

1l-------------Jf·1 RP(3) 
I RCD (10) ---r4:----1 

I RSH (R)(15) 

V IH _ -""""'il,...-tir--------'"" 
CAS VIL -

I CAA(12) 1'4----~ 

14--- I RAC (11) .. 

------ HIGH-Z--------(I 

1---- I CHR (45)---1 

VALID DATA DOUT VOH -
VOL -

~ ________________________ _J 

153606 
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Waveforms of Hidden Refresh Cycle (Write) 

V1H -
RAS V1L -

--.... 1""1---- I RAS (1) ---~"---",,, 1-'1---- IRAS(1) ---_ 

CAS 

_I RGD (10) ---r----) 
I RSH (W)(26) 

1+----1 DHR (32)---~ 

I RP(3) 

------------- HIGH-Z ---------------
153607 

Test Mode Initiation Cycle 

)4------------ IRC (2) ------------t 

N4------- tRAS(1)---------vi 
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Waveforms of CA5-Sefore-RAS Refresh Counter Test Cycle 

V1H -
CAS V1l -

WE V 1H -
V1l -

-----,.14----- 1 RAS (1)-----_I4--- I RSH(W)(26) --_ 

1+---1 CHR(43) 

WRITE CYCLE 

V53C400F 

v . 
DOUT OH

VOL -
----------HIGH-Z----++--------------

IWCS (28) 14---.j j4---.j IWCH (29) 

157909 
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FuncUonalDescnpUon 

The V53C400F is a CMOS dynamic RAM 
optimized for high data bandwidth, low power 
applications. It is functionally similar to a traditional 
dynamic RAM. The V53C400F reads and writes 
data by multiplexing a 22-bit address into an 11-bit 
row and an 11-bit column address. The row address 
is latched by the Row Address Strobe (RAS). The 
column address flows through an internal address 
buffer and is latched by the Column Address Strobe 
(CAS). Because access time is primarily dependent 
on a valid column address rather than the precise 
time that the CAS edge occurs, the delay from RAS 
to CAS has little effect on the access time. 

Memory Cycle 

A memory cycle is initiated by bringing RAS low. 
Any memory cycle, once initiated, must not be ended 
or aborted before the minimum tRAS time has expired. 
This ensures proper device operation and data 
integrity. A new cycle must not be initiated until the 
minimum precharge time tRpitcp has elapsed. 

Read Cycle 

A Read~le is performed by holdin~ Write 
Enable (WE) signal high during a RAS/CAS 
operation. The column address must be held for a 
minimum time specified by tAR. Data Out becomes 
valid only when tRAC' tcAA and tCAC are all satisfied. 
As a result, the access time is dependent on the 
timing relationships between tRAC' tCAA and tCAC. For 
example, the access time is limited by tCAA when tRAC 
(min.) and hc (min.) are both satisfied. 

Write Cycle 

A Write cycle is performed by taking WE and CAS 
low during a RAS operation. The column address is 
latched by CAS. The write can be WE controlled or 
CAS controlled depending on whether WE or CAS 
falls later. Consequently, the i~t data must be valid 
at or before the falling edge of WE or CAS, whichever 
occurs last. In a CAS-controlled Write Cycle when 
the leading edge of WE occurs prior to the CAS low 
transition, the output (DouT) pin will be in the High-Z 
state at the beginning of the Write function. Ending 
the Write with RAS or CAS will maintain the output in 
the High-Z state. 

V53C400F 

Refresh Cycle 

To retain data, 1 024 Refresh Cycles are required in 
each 16 ms period. There are two ways to Refresh 
the memory: 

1. By selecting all 1 024 address combinations of 
AD through A9 each 16 ms, a refresh of all rows is 
completed. Any Read, Write, Read-Modify-Write 
or RAS-only cycle refreshes the addressed row. 

2. Using a CAS-before-RAS Refresh Cycle. If CAS 
makes a transition from lowto high to low after the 
previous cycle and before RAS falls, CAS-before
RAS refresh is activated. The V53C400 will use 
the output of an internal 10-bit counter as the 
source of row addresses and ignore external 
address inputs. 

CAS,before-RAS is a "refresh-only" mode and no 
data access or device selection is allowed. Thus, 
DOUT will remain in the High-Z state during the cycle. 

A CAS-before-RAS counter test mode is provided 
to ensure reliable operation of the internal refresh 
counter. The user can use the counter test mode to 
write consecutive data patterns (1024 Write cycles) 
and then verify the written data by applying 1024 
consecutive Read cycles. In this mode, the 
V53C400F ignores external row/column addresses 
and takes the output from the internal 
counter instead. 

Data Retention Mode 

The V53C400F offers a CMOS standby mode that 
is entered by causing the RAS clock to swing 
between a valid V1L and an "extra high" V1H within 0.2 
V of V 00. While the RAS clock is at the "extra high" 
level, the V53C400F powerconsumptionis reduced 
to the low IOD6level. Overall 100 consumption when 
operating in this mode can be calculated as follows: 
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Fast Page Mode·Operation 

Fast Page Mode operation permits all 2048 
columns within a selected row of the device to be 
randomly accessed at a high data rate. Maintaining 
RAS low while performing successive CAS cycles 
retains the row address internally and eliminates the 
need to reapply· it for each cycle. The column 
address buffer acts as a transparent or flow-through 
latch while CAS is high. 

Thus, access begins at the occurance of a valid 
column address rather than at the falling edge of 
CAS, eliminating tASC and 1r from the critical timing 
path. CAS latches the address into the column 
address buffer and acts as on output enable. 

During Fast Page Mode operation, Read, Write, 
Read-Modify-Write, or Read-Write-Read cycles are 
possible at random addresses within a row. 
Following the initial entry cycle into Fast Page Mode, 
access is leAA or leAp controlled. If the column 
address is valid prior to the rising edge of CAS, the 
access time is determined by the by the CAS rising 
edge. If the column address is valid after the rising 
edge· of CAS, the access is timed from the 
occurrance of the valid address and is ~ified by 
t,.,,,,,. In both cases, the falling edge of CAS latches 
the"address and enables the output. 

Fast Page Mode provides a sustained data rate of 
over 20 MHz for applications that require high data 
rates like bit-mapped graphics or high-speed signal 
processing.' The following equation can be used to 
calculate the data rate: 

2,048 
Data Rate = ----

tRC + 2,047 xtpc 

Data Output Operation 

The V53C400F Data Output pin (DouT) has a 
three-state capability and is controlled by CAS. 
When CAS is high(:2: VIH), the output is in the High-Z 
state. Table 1 summarizes the DOUT states possible 
for various memory cycles. 

V53C400F 

Power On 

After application of the V DO an initial pause of 200 
I1S is required followed by a minimum of 8 
initialization cycles (any combination of cycles 
containing a RAS clock). Eight initialization cycles 
are required after extended periods of bias without 
clocks (greater than the Refresh Interval). During 
power on, the V DO current requirement of the 
V53C400F is dependent on the input levels of RAS 
and CAS. If RAS is Low during power on, the device 
will go into an active cycle and Ipo will exhibit current 
transients. It is recommended that RAS and CAS 
track with V DO or be held at a valid VIH during power 
on to avoid current surges. 
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Table 1. V53C400F Data OutPut 
Operation for Various Cycle Types 

Cycle Type D0UT 5tate 

Read Cycles Data from Addressed 
Memory Cell 

CA5-Controlled Write High-Z 
Cycle (Early Write) 

WE-Controlled Write Active, notvalid 
Cycle (Late Write) 

Read-Modify-Write Data from Addressed 
Cycles Memory Cell 

Fast Page Mode Read Data from Addressed 
Cycle· Memory Cell 

Fast Page Mode Write High-Z 
Cycle (Early Write) 

Fast Page Mode Read- Data from Addressed 
Modify-Write Cycle Memory Cell 

RA5-0nly Refresh High-Z 

CA8-before-RAS Data remains as in 
Refresh Cycle previous cycle 

CA5-0nly Cycles High-Z 



MOSEL-VITELIC V53C404F PRELIMINARY 
HIGH PERFORMANCE, LOW POWER 
1M X 4 BIT FAST PAGE MODE 
CMOS DYNAMIC RAM 

HIGH PERFORMANCE V53C404F 

Max. RAS Access Time, (tRAC) 

Max. Column Address Access Time, (tr.AA) 

Min. Fast Page Mode Cycle Time, (~) 

Min. ReadIWrite Cycle Time, (~C) 

LOW POWER V53C404FL 

Max. CMOS Standby Current, (1006) 

Features 
• 1 M x 4-bit organization 
• RAS access time: 60,70,80,100 ns 
• Low power dissipation 

• V53C404F-10 
- Operating Current - 65 mA max. 
- TTL Standby Current - 2.0 mA max. 

• Low CMOS Standby Current 
• V53C404F - 1.0 mA max. 
• V53C404FL - 0.4 mA max. 

• Battery Back-up Mode (V53C404FL Only) 
• Read-Modify-Write, RA8-0nly Refresh, 

CAS-Before-RAS Refresh capability 
• Refresh Interval 

• V53C404F - 1024 cyclesl16ms 
• V53C404FL - 1024 cycles/64ms 

• On-chip substrate bias generator 
• Fast Page Mode for a sustained data rate 

greater than 20 MHz 
• Available in 26120 pin SOJ package (300 mil) 

Description 

The V53C404F is a high speed 1,048,576x4 bit 
CMOS dynamic random access memory. The 

Device Usage Chart 

60/60L 70nOL 80/80L 10/10L 

60 ns 70 ns 80ns 100 ns 

30 ns 35 ns 40 ns 50 ns 

45ns 50ns 55 ns 65ns 

120 ns 130 ns 150 ns 180ns 

60L 70L SOL 10L 

0.4mA 0.4mA 0.4mA 0.4mA 

V53C404F offers a combination of features: Fast 
Page Mode for high data bandwidth, fast usable 
speed, CMOS standby current and, on request, 
extended refresh for very low data retention power 
(V53C404FL). 

All inputs and outputs are TTL compatible. Input 
and output capacitances are significantly lowered to 
allow increased system performance. Fast Page 
Mode operation allows random access of up to 1024 
(x4) bits within a row with cycle times as short as 50 
ns. Because of static circuitry, the CAS clock is not 
in the critical timing path. The flow-through column 
address latches allow address pipelining while relax
ing many critical system timing requirements for fast 
usable speed. These features make the V53C404F 
ideally suited for main memories, graphics, digital 
signal processing and high performance computing 
systems. 

The V53C404FL offers a maximum data retention 
power of 5.5 mW when operating in CMOS standby 
mode and performing RAS-only or CAS-befora-RAS 
refresh cycles. 

Operating Package Outline Access Time (ns) Power 
Temperature Temperature 

Range K 60 70 80 100 Low Std. Mark 

O·Cto70·C . . . . . . . Blank 

V63C404F Rev. 0.01 February1993 
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MOSEL-VITELIC 

V 5 3 C 

Pin Count 

26120 

26120 Lead SOJ Package 
PIN CONFIGURATION 

Top View 

1101 Vss 
1102 1/04 
WE IIOa 

RA5 .~ 

AS DE 

Ao AS 
Al A7 
A2 A6 
A3 A5 

VDD A4 

Absolute Maximum Ratings"' 

Ambient Temperature 

Y 
FAMILY 

Under Bias ............................. -10°C to +80°C 
Storage Temperature (plastic) .... -55°C to + 125°C 
Voltage Relative to Vss ....................... -1.0 V to +7.0 V 
Data Output Current .............................••..... 50 rnA 
Power Dissipation ............................. : ...•....... 1.0 W 

·Note: Operation above Absolute Maximum Ratings can 
. adversely affect device reliability. 

V53C4OiJF 

4 0 4 F 

-I -I -I --I y-, -I 
DEVICE PKG SPEED TEMP. 

J (tRA~cl PWR. L BLANK (OOCto700C) 
K (50.1) . .,L BLANK (NORMAL) 

L L (LOW POWER) 

60 (60 ns) 
70 (70 ns) 
80 (80 ns) 
10 (lOOns) 

Pin Names 

Aa-As Address Inputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE Write Enable 

OE OutputE~e 

110,-1104 Data Input, Output 

Voo +5V Supply 

Vss OVSupply 

NC No Connect 

Capacitance"' 

T A = 25°C, VDD = 5 V ± 10%, V 55 = 0 v 
Symbol Parameter Typ. Max. Unit 

C,N, Address Input -, 6 pF 

C'N2 RAS, CAS, WE, OE - 7 pF 

COUT Data Input/Output - 7 pF 

• Note: Capacitance is sampled and not 1000/0 tested 
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MOSEL-VITELIC V53C404F 

Block Diagram 
1Mx4 

~ RAS CLOCK L CAS CLOCK '-
- '- OECLOCK WE CLOCK 

GENERATOR ~ GENERATOR ~ GENERATOR r---- GENERATOR 

1 
I ~ 1 + 

Vooo-.-

Vss 0-.-

DATA 110 BUS I- r-o I-- 1/0 r-----o 

1 
COLUMN DECODERS 

BUFFER r-o 
f--o 

Yo-Yg v 

SENSE AMPLIFIERS 
REFRESH 
COUNTER ~1024X4 {7 g 

0--
en en ..... -a: a: 
WW 

0-- 11..0 XO-Xg a: 1024 11..0 
~ 3:~ --.l\.. . ;:)0 - MEMORY 

IDW 00 ---v ARRAY , . en o a: &3 . en W 
wa: 0 

0-- a:1l.. 

0--
!So 
<~ 148601 

2-231 



MOSEL-vrrELlC V53C404F 

DC and Operating Characteristics (1-2) 
T A = QOC to 7a-C. v DO = 5 V ± 10%. V ss = Q V. unless otherwise specified. 

V53C404F V53C404FL 
Access 

Symbol Parameter Time Min. Max. Min. Max. Unit Test Conditions Notes 

lu Input Leakage Current -10 10 -10 10 !LA Vss S V1N S Voo 
(any input pin) 

ILO Output Leakage Current -10 10 -10 10 !LA Vsss VOUT S Voo 
(for Hlgh-Z State) RAS. CAS at V1H 

1001 Voo SI4lIlIy Current. 60 110 110 rnA ~C = tAC (min.) 1.2 

Operating 70 100 100 

80 90 90 

100 65 65 

1002 Voo Supply Current. 2.0 2.0 rnA RAS. CAS at V1H 
TIL Standby other inputs 2: Vss 

1000 V DO Supply Current. 60 95 95 mA ~c = tAC (min.) 2 

RA8-0nly Refresh 70 85 85 

80 75 75 

100 65 65 

1004 V DO Supply Current. 60 95 95 rnA Minimum Cycle 1.2 

Fast Page Mode ·70 85 85 

Operation 80 75 75 

100 65 65 

IDDS V 00 Supply Current, 5 4 mA RAS=V1H• CAS.V1L 
Standby. Output Enabled other inputs 2: V ss 

1006 V DO Supply Current, 1 0.4 mA RAS 2: VOIr 0.2 V 
CMOS Standby CAS 2: Voo-0.2V 

other inputs 2: V ss 

1007 Battery Back-up N.A. 0.6 rnA CAS-Befora-RAS 18 
Data Retention Current Refresh cycle 
(Only V53C404FL) ~c= 62.5 JIS 

CMOS clock levels 

V1L Input Low Voltage -1.0 O.B -1.0 O.B V 3 

V1H Input High Voltage 2.4 Voo+l 2.4 Voo+l V 3 

VOL Output Low Voltage 0.4 0.4 V IOL=4.2mA 

VOH Output High Voltage 2.4 2.4 IOH .-5mA 
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AC Characteristics 
T A = O·C to 70·C, V DO = 5 V ±10%, V ss = 0 V, unless otherwise noted 
AC Test Conditions, input pulse levels 0 to 3V 

60/l 70/l 

JEDEC 
# Symbol Symbol Parameter Min. Max. Min. Max. 

1 tRLlRH1 tRAS RAS Pulse Width 60 75K 70 75K 

2 tR12RL tRc Read or Write Cycle 120 130 
Time 

3 tRH2R12 tRP RAS Precharge Time 50 50 

4 tRLlCH1 !cSH CAS Hold Time 60 70 

5 !cLlCH1 !cAS CAS Pulse Width 15 20 

6 tRLlCLl tRCO RAS to CAS Delay 20 20 

7 twH2Cl2 tRcs Read Command Setup 0 0 
Time 

8 tAVR12 tASR Row Address Setup 0 0 
Time 

9 ~L1AX ~H Row Address Hold 10 10 
Time 

10 tAVC12 tAsc Column Address Setup 0 0 
Time 

11 !cL1AX leAH Column Address Hold 15 15 
Time 

12 !cL1RH1(R) ~SH(R) RAS Hold Time 15 20 
(Read Cycle) 

13 !cH2R12 !cRP CAS to RAS Precharge 5 5 
Time 

14 !cH2WX ~CH Read Command Hold 0 0 
Time (Referenced 
to CAS) 

15 ~H2WX ~RH Read Command Hold 0 0 
Time (Referenced 
toRAS) 

16 toELlRH2 tROH RAS Hold Time 10 10 
Referenced to OE 

17 toLlQV toAC Access Time from OE 15 20 

18 !cLlQV !cAC Access Time from CAS 15 20 

19 tRLlQV ~c Access Time from RAS 60 70 

20 tAVQV !cM Access Time from 30 35 
Column Address 

21 !cUQX Iu OE or CAS to Low-Z 0 0 
Output 

22 !cH2QZ ~z OE or CAS to Low-Z 0 20 0 20 
Output 
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V53C404F 

BOIL 1 OIL 

Min. Max. Min. Max. Unit Notes 

80 75K 100 75K ns 

150 180 ns 

60 70 ns 

80 100 ns 

20 25 ns 

20 60 25 75 ns 4 II 
0 0 ns 

0 0 ns 

10 15 ns 

0 0 ns 

15 20 ns 

20 25 ns 

5 10 ns 

0 0 ns 5 

0 0 ns 5 

20 25 ns 

20 25 ns 

20 25 ns 6,7 

80 100 ns 6,8,9 

40 50 ns 6,7,10 

0 0 ns 16 

0 25 0 25 ns 16 



MOSEL-vrrELIC V53C404F 

AC Characteristics (Cont'd.) 

601L 70/L 8O/L 1 OIL 

JEDEC 
# Symbol Symbol Parameter Min. Max. Min. Max. Min. Max. Min. Max. Unit Notes 

23 tRL1AX tAR Column Address Hold 50 55 60 75 ns 
Time from RAS 

24 tRL1AV ~D RAS to Column 15 30 15 30 15 40 20 50 ns 11 
Address Delay TIme 

25 !cL1RH1(W) ~SH(W) RAS or CAS Hold Time 15 20 20 25 ns 
in Write Cycle 

26 IwL1CH1 IewL Write Command to 15 20 20 25 ns 
CAS LeadTIme 

27 IwL1CL2 Iwcs Write Command Setup 0 0 0 0 ns 12.13 
TIme 

28 !cL1WH1 tWCH Write Command Hold 10 15 15 20 ns 
Time 

29 IwL1WH1 Iwp Write Pulse Width 10 15 15 20 ns 

30 ~1WH1 IwCR Write Command Hold 50 55 60 75 ns 
Time from RAS 

31 tWL1RH1 ~L Write Command to 15 20 20 25 ns 
RAS Lead Time 

32 tDVWl2 los Data In Setup Time 0 0 0 0 ns 14 

33 IwL1DX loti Data In Hold Time 15 15 15 20 ns 14 

34 IwLG1Gl2 tWOH Write to OE Hold Time 15 20 20 25 ns 14 

35 ~H2DX toeD OE to Data Delay Time 15 20 20 25 ns 14 

36 tRl2Rl2 ~c Read-Modify-Write 170 185 205 245 ns 
(RMW) Cycle TIme 

37 ~L1RH1 ~AW Read-Modify-Write 105 125 135 165 ns 
(RMW) Cycle RAS Pulse Width 

38 !cL1Wl2 lewD CAS to WE Delay 40 50 50 60 ns 12 

39 tRL1Wl2 ~D RAS to WE Delay in 85 100 110 135 ns 12 
Read-Modify-Write 
Cycle 

40 !cL1CH1 !cAW CAS Pulse Width 65 75 75 90 ns 
(RMW) 

41 tAVWl2 tAwD Column Address to 60 65 70 80 ns 12 
WE Delay 

42 !cl2Cl2 tpc Fast Page Mode Read 45 50 55 65 ns 
or Write Cycle Time 

43 !cH2Cl2 !cP CAS Precharge Time 10 10 10 10 ns 

44 tAVRH1 leAR Column Address to 30 35 40 50 ns 
RAS Setup Time 

45 !cH2QV leAp Access Time from 35 40 45 55 ns 7 
Column Precharge 
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MOSEL-VITELIC V53C404F 

AC Characteristics (Cont'd.) 

60/l 70/l &OIL 10/l 

JEDEC 
# Symbol Symbol Parameter Min. Max. Min. Max. Min. Max. Min. Max. Unit Notes 

46 tRL10X2 tOHR Data in Hold Time 50 55 60 75 ns 
Referenced to RAS 

47 IcL1RL2 IcSR CAS Setup Time 5 5 5 5 ns 
CA5-before-RAS 
Refresh 

48 ~H2CL2 tRPC RAS to CAS Precharge 5 5 5 5 ns 
Time 

49 ~L1CHl IcHR CAS Hold Time 15 15 15 15 ns 
CA5-before-RAS 
Refresh II 

50 1cL2CL2 \PCM Fast Page Mode Read- 95 100 110 130 ns 
(RMW) Modify-Write Cycle 

Time 

51 twH2RL2 twRP WE to RAS precharge 10 10 10 10 ns 
time (CAS-Before-RAS 
Refresh cycle) 

52 tRL1 WL2 twRH WE Hold Time from 10 10 10 10 ns 
RAS (CAS-Before-RAS 
Refresh Cycle) 

53 twL1RL2 twSR RAS to WE set-up 10 10 10 10 ns 19,20 
Time (Test Mode) 

54 ~L1WHl twHR RAS to WE hold Time 10 10 10 10 ns 
(Test Mode) 

55 tT tT Transition Time 3 50 3 50 3 50 3 50 ns 15 
(Rise and Fall) 

56 ~EF Refresh Interval 16 16 16 16 ms 17 
(1024 Cycles) 

57 ~EF Refresh Interval 64 64 64 64 ms 17,18 
V53C404FL Only 
(1024 Cycles, 
tRC = 62.5 115) 
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Notes: 
1. 100 is dependent on output loading when the device output is selected. Specified 100 (max.) is measured with the 

output open. 

2. 100 is dependent upon the number of address transitions. Specified 100 (max.) is measured with a maximum of two 
transitions per address cycle in Fast Page Mode. 

3. Specified V1L (min.) is steady state operating. During transitions, V1L (min.) may undershoot to -1.0 V for a period 
not to exceed 20 ns. All AC parameters are measured with V1L (min.) ~ Vss and V1H (niax.) s VDD. 

4. tRCD (max.) is specified for reference only. Operation within tRCD (max.) limits insures that~c (max.) andtcAA (max.) 
can be met. If tRCD is greater than the specified ~CD (max.), the access time is controlled by tCAA and leAc. 

5. Either tRRH or ~CH must be satisified for a Read Cycle to occur. 

6. Measured with a load equivalent to two TTL inputs and 100 pF. 

7. Access time is determined by the longest of ~'leAc and leAp. 

8. Assumes thattRAD stRAD {max.).lf~D is greater than tRAD (max.), ~AC will increase by the amountthat~AD exceeds 
~AD (max.). . 

9. Assumes that~cD S~CD {max.).lf~CD is greater than ~CD (max.), ~c will increase by the amountthat~cD exceeds 
~CD (max.). 

10. Assumes that tRAD ~ ~AD (max.). 

11. Operation within the ~D (max.) limit ensures that tRAC (max.) can be met. tRAD (max.) is specified as a reference 
point only. If ~D is greater than the specified ~AD (max.) limit, the access time is controlled by ~ and ~c. 

12. twos, tRWD' tAWD and lewD are not restrictive operating parameters. 

13. ~cs (min.) must be satisfied in an Early Write Cycle. 

14. tDS and taH are referenced to the latter occurrence of CAS or WE. 

15. 1r is measured between V1H (min.) and V1L (max.). AC-measurements assume 1r = 5 ns. 

16. Assumes a three-state test load (5 pF and a 380 Ohm Thevenin equivalent). 

17. An initial 200 118 pause and 8 RA5-containing cycles are required when exiting an extended period of bias without 
clocks. An extended period of time without clocks is defined as one that exceeds the specified Refresh Interval. 

18. This is battery backup data retention mode under CAS-before-RAS refresh cycles. 
~c = 62.5118 (62.51JS x 1024 = 64 ms) 
~AS = ~s (min) to 1 118 _ 
Input voltages: RAS and CAS V1H > V DO - 0.2 V 

V1L <0.2V 
WE and OE V1N > VDD - 0.2 V 
All other inputs at stable V1H or V1L 

19. The test mode is initiated by performing a WE and CAS-before-RAS cycle. This mode is latched and remains in 
effect until the exit cycle is generated. The test mode specified in this data sheet is 8-bits parallel testing function. 

CAO is not used. In the read cycle, if two intemal bits on one 1/0 pin are equal, the 1/0 pin will indicate a high level. 
If intemal bits on one VO are not equal, then the 1/0 pin will indicate a low level. 

The test mode is cleared and the memory device retumed to its normal operational state by performing a RAS-only 
refresh cycle or a CAS-before-RAS refresh cycle. 

20. In a test mode read cycle, the value of access time parameters is delayed by 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value (5 ns) to the specified value in this 
data sheet. 
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MOSEL-VITELIC V53C404F 

Waveforms of Read Cycle 

RAS ~H -
V1L -

CAS 
VIH -

V1L -

ADDRESS 
V1H -

V1L -

WE 
V1H -

V1L -

OE 
V1H -

V1L -

110 
VOH-

VOL -

Waveforms of Early Write Cycle 

RAS 
V1H -

V1L -

VIH-
CAS 

V1L -

ADDRESS 
V 1H -

V 1L -

WE 
V1H -

V 1L -

Dc 
V1H -

V1L -

I/O 
V1H -

V 1L -

14-------------tRC(2)----------I~ 

.... -------tRAS(1)--------I~ 

-------,i ""1---- tAR (23) -----1"'1 .-k,..----"-1 

VALID DATA-IN D-------HIGH-Z --------

67602 
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Waveforms of OE-Controlled Write Cycle 

t RAS (I) 
IRQ (2) 

tAR (23) V1H -
RAS 

V 1L -

VIH -
CAS 

V 1L -

V 1H -
ADDRESS 

V 1L -

V 1H -
WE 

V 1L -

OE 
V 1H -

V 1L -

I/O 
V 1H -

V 1L -

Waveforms of Read-Modify-Write Cycle 

RAS 
"IH -

V1L -

"'H-
CAS 

V1L -

ADDRESS 
V1H -

V1L -

WE 
V1H -

V1L -

OE 
V1H -

V1L -

I/O 
V1H 

V1L 

f4------------- �RWC(36)-----------t 
14---------- IRRW (37) ---------~ 
1----- tAR (23) 

i-------tCSH (4)------------I~ 
-~I-----,---IRSH (W)(25),---------t 

.r---H----~ 1----'---ICRW(40)--------t rt-+--, 

tRAD (24) 
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Waveforms of Fast Page Mode Read Cycle 

RAS 
VIH- I AR (23) 

V 1L -

CAS 
V 1H -

V 1L -

ADDRESS 
V 1H -

V 1L -

WE 
V 1H -

V 1L -

V 1H -
OE 

V 1L -

110 

Waveforms of Fast Page Mode Write Cycle 

CAS 

ADDRESS 

WE 

OE 

VO 

V1H -

V 1L -

V 1H -

V 1L -

V1H -

V 1L -

V 1H -

V 1L -

V53C404F 

I RAS (l) 

-I RSH (R)(12) 

• 
67605 
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Waveforms of Fast Page Mode Read-Write Cycle 

CAS 

ADDRESS 

V1H -
WE 

V1L -

OE 
V1H -

V1L -

VO VI/OH -

VI/OL -

Waveforms of RA8-0nly Refresh Cycle 

ADDRESS 

VIH

V1L -

V1H -

V1L -

t-----------tRC(2)-----------O"'\ 

-----...;..,;-,It-------- tRAS(l)--------+\~---_.L 

NOTE: WE, DE = Don1 care 

2·240 

678 os 



MOSEL-VITELIC V53C404F 

Waveforms of CAS-before-RAS Refresh Cycle 

VIH

V 1L -

:~------ t RC (2) -----------------.j 

t------t RAS(l) ------~ 

~----------~ 1----------~ 
RAS 

CAS 
V 1H -

V 1L -

WE 
V 1H -

V 1L -

VO 
V OH-

V OL-

NOTE: 

t HZ (22) 

WE, OE, Ao-A7 = Don't care 

j4----- tCHR (49) ----~ 
tCSR (47) 

j4--..-j tWRH (52) 

Waveforms of Hidden Refresh Cycle (Read) 

RAS VIH-

V 1L -

V 1H -
CAS 

V 1L -

ADDRESS 
V 1H -

V 1L -

WE 
V 1H -

V 1L -

5E 
V 1H -

V 1L -

V OH-
1/0 

V OL -
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Waveforms of Hidden Refresh Cycle (Write) 

YIH-
RAS 

YIL -

CAS 
V 1H -

YIL -

ADDRESS 
V 1L -

WE 
Y 1H -

V 1L -

Oe 
Y 1H -

V 1L -

~ '~ XXX VAUDDATMC~XXX~ 
t OHR (46) 1466 04 

V 1H -
I/O 

Y 1L -

Test Mode Initiation Cycle 

tRC(2) 

V1H -
tRAS(1) RAS 

V1L -

IcHR (49) 

CAS 
V1H -

V1L -

V1H - twHR(54) 

WE 
V1L -

001 YOH -
XXx): 1Hz (22) 

I 
VOL - XX 

D04 146605 
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Waveforms of CAS-before-RAS Refresh Counter Test Cycle 

RAS 
VIH-

V IL -

CAS 
V IH -

V IL -

ADDRESS 
V IH -

V IL -

WE 
VIH - • V IL -

OE 
V IH -

V IL -

110 
V IH -

V IL -

WE 
VIH -

V IL -

OE VIH -, 

V IL -

I/O 
V IH -

DIN 
V IL - 157906 
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FuncUonalDescripUon 

The V53C404F is a CMOS dynamic RAM opti
mized for high data bandwidth, low power applica
tions. It is functionally similar to a traditional dynamic 
RAM. The V53C404F reads and writes data by 
multiplexing an 2Q-bit address into a 1 Q-bit row and 
a 1 O-bit column address. The row address is latched 
by the Row Address Strobe (RAS). The column 
address ''flows through" an internal address buffer 
and is latched by the Column Address Strobe (CAS). 
Because access time is primarily dependent on a 
valid column address rather than the precise time 
that the CAS edge occurs, the delay time from RAS 
to CAS has little effect on the access time. 

Memory Cycle 

A memory cycle is initiated by bringing RAS low. 
Any memory cycle, once initiated, must not be ended 
or aborted before the minimum tRAS time has expired. 
This ensures proper device operation and data integ
rity. A new cycle must not be initiated until the 
minimum precharge time tRpltcp has elapsed. 

. Read Cycle 

A Read cycle is performed by holding the Write 
Enable (WE) signal High during a RAS/CAS opera
tion. The column address must be held for a mini
mum specified by tAR" Data Out becomes valid only 
when tOAC' tRAC ' tCAA and tCAC are all satisifed. As a 
result, the access time is dependent on the timing 
relationships between these parameters. For ex
ample, the access time is limited by tCAA when tRAC ' 
IcAc and tOAC are all satisfied. 

Write Cycle 

A Write Cycle is performed by taking WE and CAS 
low during a RAS operation. The column address is 
latched by CAS. The Write Cycle can be WE con
trolled or CAS controlled depending on whether WE 
or CAS falls later. Consequently, the input data must 
be valid at or before the falling edge of WE or CAS, 
whichever occurs last. In the CAS-controlled Write 
Cycle, when the leading edge of WE occurs prior to 
the CAS low transition, the 1/0 data pins will be in the 
High-Z state at the beginning of the Write function. 

V53C404F 

Ending the Write with RAS or CAS will maintain the 
output in the High-Z state. 

In the WE controlled Write Cycle, OE must be in 
the high state and tOED must be satisfied. 

Refresh Cycle 

To retain data, 1024 Refresh Cycles are required 
in each 16 ms period. There are two ways to refresh 
the memory: 

1. By clocking each of the 1 024 row addresses (Ao 
through Ag) with RAS at least once every 16 ms. 
Any Read, Write, Read-Modify-Write or RAS-only 
cycle refreshes the addressed row. 

2. Using a CAS-before-RAS Refresh Cycle. If CAS 
makes a transition from low to high to low after the 
previous cycle and before RAS falls, CAS-before
RAS refresh is activated. The V53C404F uses the 
output of an internal 1 O-bit counter as the source 
of row addresses and ignore external address 
inputs. 

CAS-before-RAS is a "refresh-only" mode and no 
data access. or device selection is allowed. Thus, the 
output remains in the High-Z state during the cycle. 
A CAS-before-RAS counter test mode is provided to 
ensure reliable operation of the internal refresh 
counter. 

Data Retention Mode 

The V53C404F offers a CMOS standby mode that 
is entered by causing the RAS clock to swing be
tween a valid V1L and an "extra high" V1H within 0.2 V 
of V ~o' While the RAS clock is at the "extra high" 
level, the V53C404 power consumption is reduced to 
the low 1006 level. Overall 100 consumption when 
operating in this mode can be calculated as follows: 

(tRC) x (1 001 ) + (tAX-tRC) x (1 006) 

1= 

Where: tRC = Refresh Cycle Time 
tRX = Refresh Interval I 1 024 
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Fast Page Mode Operation 

Fast Page Mode operation permits all 1024 col
umns within a selected row of the device to be 
randomly accessed at a high data rate. Maintaining 
RAS low while performing successive CAS cycles 
retains the row address internally and eliminates the 
need to reapply it for each cycle. The column address 
buffer acts as a transparent or flow-through latch 
while CAS is high. Thus, access begins from the 
occurrence of a valid column address rather than 
from the falling edge of CAS, eliminating tAse and ~ 
from the critical timing path. CAS latches the address 
into the column address buffer and acts as an output 
enable. During Fast Page Mode operation, Read, 
Write, Read-Modify-Write or Read-Write-Read 
cycles are possible at random addresses within a 
row. Following the initial entry cycle into Fast Page 
Mode, access is \;AA or tCAP controlled. If the column 
address is valid prior to the rising edge of CAS, the 
access time is referenced to the CAS rising edge 
and is specified by tC4p. Ifthe column address is valid 
after the rising CAS edge, access is timed from the 
occurrence of a valid address and is specified by 
\;AA. In both cases, the falling edge of CAS latches 
the address and enables the output. 

Fast Page Mode provides a sustained data rate of 
18 MHz for applications that require high data rates 
such as bit-mapped graphics or high-speed Signal 
processing. The following equation can be used to 
calculate the maximum data rate: 

1024 
Data Rate = ----

tRC + 1023 x tpc 

Data Output Operation 

The V53C404F Input/Output is controlled by OE, 
CAS, WE and RAS. A RAS low transition enables the 
transfer of data to and from the selected row address 
in the Memory Array. A RAS high transition disables 
data transfer and latches the output data if the output 
is enabled. After a memory cycle is initiated with a 
RAS low transition, a CAS low transition or CAS low 
level enables the internal 1/0 path. A CAS high 
transition or a CAS high level disables the 1/0 path 
and the output driver if it is enabled. A CAS low 
transition while RAS is high has no effect on the 1/0 
data path or on the output drivers. The output drivers, 
when otherwise enabled, can be disabled by holding 

V53C404F 

OE high. The OE signal has no effect on any data 
stored in the output latches. A WE low level can also 
disable the output drivers when CAS is low. During a 
Write cycle, if WE goes low at a time in relationship 
to CAS that would normally cause the outputs to be 
active, it is necessary to use OE to disable the output 
drivers prior to the WE low transition to allow Data In 
Setup Time (tos) to be satisfied. 

Power-On 

After application of the V DD supply, an initial pause 
of 200 /JS is required followed by a minimum of 8 
initialization cycles (any combination of cycles con
taining a RAS clOCk). Eight initialization cycles are 
required after extended periods of bias without 
clocks (greater than the Refresh Interval). 

During Power-On, the V DD current requirement of 
the V53C404F is dependent on the input levels of 
RAS and CAS. If RAS is low during Power-on, the 
device will go into an active cycle and IDD will exhibit 
current transients. It is recommended that RAS and 
CAS track with VDD or be held at a valid V1H during 
Power-On to avoid current surges. 
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Table 1. V53C404F Data Output 
Operation for Various Cycle Types 

Cycle Type 110 State 

Read Cycles Data from Addressed 
Memory Cell 

CA8-Controlled WrHe High-Z 
Cycle (Early WrHe) 

WE-Controlled Write OE Controlled. High 
Cycle (Late Write) OE = High-Z I/os 

Read-Modify-Write Data from Addressed 
Cycles Memory Cell 

Fast Page Mode Data from Addressed 
Read Memory Cell 

Fast Page Mode Write High-Z 
Cycle (Early Write) 

Fast Page Mode Read- Data from Addressed 
Modify-Write Cycle Memory Cell 

RA8-0nly Refresh High-Z 

CA5-before-RAS Data remains as in 
Refresh Cycle previous cycle 

CA8-0nly Cycles High-Z 

II 



MOSEL-VITELIC V53C405 
1MX 4 BIT 4 CAS 
CMOS DYNAMIC RAM 

ADVANCED 
INFORMATION 

HIGH PERFORMANCE V53C405 

Max. RAS Access TIme, (tRM:) 

Max. Column Address Access Time, (tCAA) 

Min. Fast Page Mode Cycle Time, (tpc) 

Min. ReadIWrite Cycle Time, (tRr.) 

LOW POWER V53C405L 

Max. CMOS Standby Current, (1006) 

Features 
• 1 M x 4-bit 4 CAS organization 
• RAS access time: 60,70,80,100 ns 
• Low power dissipation 

• VS3C40S-10 
- Operating Current - 6S mA max. 
- TTL Standby Current - 2.0 mA max. 

• Low CMOS Standby Current 
• VS3C40S - 1.0 mA max. 

• Read-Modify-Write, RAS-Only Refresh, 
CAS-Sefore-RASRefresh capability 

• Refresh Interval 
• VS3C40S - 1024 cyclesl16ms 
• VS3C40SL - 1024 cyclesl64ms 

• Fast Page Mode for a sustained data rate 
greater than 20 MHz 

• Available in 26/24 pin SOJ package (300 mil) 

Device Usage Chart 

Operating Package Outline 
Temperature 

Range K 60 

O~Cto 70·C . . 
V53C405 Rev.OO March 1993 

60/60L 70170L SO/SOL 10110L 

SOns 70 ns BOns 100 ns 

30ns 35ns 40 ns 50ns 

45ns 50 ns 55 ns 65ns 

120ns 130 ns 150ns 180 ns 

70L 80L 10L 

O.4mA 0.4mA 0.4mA 

Description 
The VS3C40S is a high speed 1,048,576x4 bit 

CMOS dynamic random access memory. The 
VS3C40S offers 4 CAS inputs, in addition to: Fast 
Page Mode for high data bandwidth, low CMOS 
standby current and, on request, extended refresh 
for very low data.retention power (VS3C40SL). 

All inputs and outputs are TTL compatible. Input 
and output capacitances are significantly lowered to 
allow increased system performance. Fast Page 
Mode operation allows random access of up to 1024 
(x4) bits within a row with cycle times as short as 4S 
ns. These features make the VS3C40S ideally suited 
for parity. bits for the SIMM module and parity 
memory for the main memories, graphics, digital 
signal processing and high performance computing 
systems. 

The VS3C40SL offers a maximum data retention 
power of S.S mW when operating in CMOS standby 
mode and performing RAS~only or CAS-before-RAS 
refresh cycles. 

Access Time (ns) Power 
Temperature 

70 80 100 Low Std. Mark . . . . . Blank 
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MOSEL-VITELIC V53C851~53C9512 PRELIMINARY 
HIGH PERFORMANCE, LOW POWER 
512K x 8 AND 512K x 9 BIT 
FAST PAGE MODE 
CMOS DYNAMIC RAM 

HIGH PERFORMANCE V53C8512JV53C9512 

Max. RAS Access Time, (~Ael 

Max. Column Address Access Time, (IcAA) 

Min. Fast Page Mode Cycle Time, (!Pel 

Min. ReadlWrHe Cycle Time, (~el 

lOW POWER V53C8512UV53C9512l 

Max. CMOS Standby Current, (1006) 

Features 
• 512K x 8 and 512K x 9 Organization 
• RAS access time: 50, 60, 70 ns 
• Low power dissipation for V53C851219512 

• Operating Current - 105 mA max. 
• TTL Standby Current - 2.0 mA max. 

• Low CMOS Standby Current 
• V53C851219512 - 5 mA max. 
• V53C8512L19512L- 0.15 mA max. 

• Read-Modify-Write, RAS-Only Refresh, 
CAS-Before-RAS Refresh capability 

• Common 1/0 capability 
• Refresh Interval 

• V53C851219512 - 1 024 cyclesl16 ms 
• V53C8512L19512L-1024 cyclesl16 ms 

• On-chip substrate bias generator 
• Fast Page Mode for a sustained data rate 

greater than 28 MHz 
• Standard package is 28 pin 400 mil SOJ 

Device Usage Chart 

50/50l 60/60l 70170l 

50 ns 60 ns 70 ns 

25 ns 30ns 35ns 

35 ns 40 ns 45 ns 

110 ns 120 ns 130 ns 

50l 60L 70l 

0.15mA 0.15mA 0.15mA 

Description 
The V53C8512 is a 524,288 x 8 and the 

V53C9512 is a 524,288 x 9 bit high speed CMOS 
dynamic random access memory. The V53C8512 
and V53C9512 offer a combination of features: Fast 
Page Mode for high data bandwidth, fast usable 
speed, CMOS standby current and, on request, 
extended refresh for very low data retention power 
(V53C8512L and V53C9512L). 

All inputs and outputs are TTL compatible. Input 
and output capacitances are significantly lowered to 
allow increased system performance. Fast Page 
Mode operation allows random access of up to 512 
(x8) bits within a row with cycle times as short as 35 
ns. Because of static circuitry, the CAS clock is not 
in the critical timing path. The flow-through column 
address latches allow address pipelining while 
relaxing many critical system timing requirements 
for fast usable speed. These features make the 
V53C8512 and V53C9512 ideally suited for 
graphics, digital signal processing and high 
performance computing systems. 

Operating Package Outline Access Time (ns) Power 
Temperature Temperature 

Range K 50 60 70 Low Std. Mark 

O·Cto 70·C . . . . . Blank 

V53C851219512 Rev. 01 Aprill993 
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MOSEL-VITELIC V53C851219512 

V53C852 

Y 

Description Pin Count 

SOJ 28 

28 Lead SOJ Package 
PIN CONFIGURATION 

Top View 

Absolute Maximum Ratings" 

Parameter Rating 

Ambient Temperature -10to+80 
Under Bias 

Storage Temperature -55 to + 125 
(plastic) 

Voltage Relative to Vss -1.0 to +7.0 

Voltage on VDD relative -1.0 to +7.0 
toVss 

Data Output Current 50 

Power Dissipation 700 

FAMILY 

Units 

°C 

°C 

V 

V 

mA 

mW 

'Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 

-I -1--1 -, y-, -, 
DEVICE PKG SPEED TEMP. 

J (t RAlcl PWR. L BLANK (O·C to 70·C) 
K (SOJ) C BLANK (NORMAL) 

L (LOW POWER) 

50 (50 ns) 
60 (60 ns) 
70 (70 ns) 

Pin Names 

AO-Ag Address Inputs 

D01-DOg Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

W ReadIWrite Input 

OE Data Output Enable 

Vcc Power (+5V) 

NC No Connection 

Capacitance" 
TA= 25°C, VDD = 5 V± 10%, Vss = OV 

Symbol Parameter Typ. Max. Unit 

CIN1 Address Input - 6 pF 

CIN2 RAS, CAS, WE, OE - 7 pF 

COUT Data Input/Output - 7 pF 

'Note: Capacitance is sampled and not 100% tested. 
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Block Diagram 

R 

C 

AS-

AS-

w-

~ 

Control & 
Clocks 

I 

Refresh Control 

+ 
Refresh Counter 

• 

I 
I 
I 

~ Row Address Buffer ~ 

-< Q Column Address Buffer I 
+ 

V53C851219512 

V BB Generator 
~vcc 

VSS 

- Row Decoder 4- Data In f.-
Buffer 

Q 
Memory Array OCI 

524.288 x 8 ~ f- f--
or E 

524.288 x 9 < ~ Q) 

Cells 
tJ) 
c 
Q) 

en ... - Data Out 
Column Decoder - Buffer -0 E 
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MOSEL-VITELIC V53C851219512 

DC and Operating Characteristics (1 , 2) 
T A = O·C to 70"C, Voo = 5 V ± 10%, Vss = 0 V, unless otherwise specified. 

V53C851219512 V53C8512L19512L 
Access 

Symbol Parameter Time Min. Max. Min. Max. Unit Test Conditions Notes 

lu Input Leakage Current -10 10 -10 10 !1A Vss S V1N S Voo 
(any input pin) .. 

ILO Output Leakage Current -10 10 -10 10 !1A Vss S Vour S Voo 
(for High-Z State) RAS, CAS at V1H 

50 120 120 
1001 V 00 Supply Current, 

Operating 60 110 110 rnA tRc = tRC (min.) 1,2 

70 105 105 

1002 Voo Supply Current, RAS, CAS at V1H 
TTL Standby 2.0 2.0 rnA other inputs '" Vss 

50 120 120 
Voo Supply Current, 

1000 RAS-Only Refresh 60 110 110 rnA tRc = tRC (min.) 2 

70 105 105 

V 00 Supply Current, 50 95 95 

10D4 Fast Page Mode 60 90 90 rnA Minimum Cycle 1,2 
Operation 

70 85 85 

10DS Standby, Output Enabled 5.0 5.0 rnA RAS=V1H, CAS=V1L 1 

other inputs '" V ss 

10DS V 00 Supply Current RAS"'Voo-D.2V, 
CMOS Standby 1.0 0.15 rnA CAS", Voo -Q.2 V 

other input'" V ss 

V1L Input Low Voltage -1.0 0.6 -1.0 0.6 V 3 

V1L Input High Voltage 2.4 Voo+l 2.4 Voo+l V 3 

VOL Output Low Voltage 0.4 0.4 V IOL= 4.2 mA 

VOH Output High Voltage 2.4 2.4 IOH s-5rnA 



MOSEL-VITELIC 

AC Characteristics 
T A = O°C to 70°C, V DO = 5 V ±10%, V ss = OV unless otherwise noted 
AC Test conditions, input pulse levels 0 to 3V 

JEDEC 50/l 

It Symbol Symbol Parameter Min. Max. 

1 ~L1RHl ~AS RAS Pulse Width 50 10K 

2 ~L2RL2 ~c Read or Write Cycle Time 110 

3 tRH2RL2 ~P RAS Precharge TIme 40 

4 tRL1CHl IeSH CAS Hold Time 50 

5 IeL1CHl leAS CAS Pulse Width 12 10K 

6 ~L1CL1 ~CD RAS to CAS Delay 18 38 

7 tWH2CL2 ~cs Read Command Setup Time 0 

8 tAVRL2 tASR Row Address Setup Time 0 

9 tRL1AX ~H Row Address Hold Time 8 

10 tAVCL2 tASC Column Address Setup Time 0 

11 IeL1AX leAH Column Address Hold Time 8 

12 IeL1RH1(R) ~SH(R) RAS Hold Time (Read Cycle) 12 

13 IeH2RL2 IeRP CAS to RAS Precharge Time 5 

14 IeH2WX tRCH Read Command Hold Time 0 
Referenced to CAS 

15 tRH2WX ~RH Read Command Hold Time 0 
Referenced to RAS 

16 IoeL1RH2 tROH RAS Hold Time Referenced to OE 10 

17 IoL1QV IoAC Access Time from OE 12 

18 IeL1QV IeAC Access Time from CAS 12 

19 ~L1QV tRAC Access Time from RAS 50 

20 tAVQV IeAA Access Time from Column Address 25 

21 IeL1QX Iu OE or CAS to Low-Z Output 0 

22 IeH2QZ ~z OE or CAS to High-Z Output 0 10 

23 tRL1AX tAR Column Address Hold Time from RAS 45 

24 tRL1AV tRAD RAS to Column Address Delay Time 13 25 

25 IeL1RH1(W) tRSH(W) RAS or CAS Hold Time in Write Cycle 12 

26 tWL1 CHl icwL Write Command to CAS Lead Time 12 

27 tWL1CL2 Iwcs Write Command Setup Time 0 

28 IeL1WHl tWCH Write Command Hold Time 8 
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V53C851219512 

SOil 70/l 

Min. Max. Min. Max. Unit Notes 

60 10K 70 10K ns 

120 130 ns 

45 50 ns 

60 70 ns 

15 10K 20 10K ns • 19 45 20 50 ns 4 

0 0 ns 

0 0 ns 

9 10 ns 

0 0 ns 

9 10 ns 

15 20 ns 

5 5 ns 

0 0 ns 5 

0 0 ns 5 

15 20 ns 

15 20 ns 

15 20 ns 6,7 

60 70 ns 6,8,9 

30 35 ns 6.7.10 

0 0 ns 16 

0 10 0 10 ns 16 

50 55 ns 

14 30 15 35 ns 11 

15 20 ns 

15 20 ns 

0 0 ns 12.13 

9 10 ns 



MOSEL-VITELIC V53C851219512 

AC Characteristics (Cant'd) 

JEDEC 50IL 6O/L 70IL 

It Symbol Symbol Parameter Min. Max. Min. Max. Min. Max. Unit Notes 

29 1w11WHl Iwp Write Pulse Width 8 9 10 ns 

30 tRL1WHl IwCR Write Command Hold TIme from RAS 45 50 55 ns 

31 IwL1RHl iRwL Write Command to RAS Lead Time 12 15 20 ns 

32 IoVW12 tos Data in Setup Time 0 0 0 ns 14 

33 IwL1DX IoH Data in Hold Time 8 9 10 ns 14 

34 IwL1G12 IwOH Write to OE Hold Time 10 15 20 ns 14 

35 1aH20X toED OE to Data Delay Time 10 10 15 ns 14 

36 tR12R12 iRwc Read-Modify-Write 160 170 180 ns 
(RMW) Cycle Time 

37 ~L1RHl tRAW Read-Modify-Wrlte Cycle 110 115 120 ns 
(RMW) RAS Pulse Width 

38 icL1W12 lewD CAS to WE Delay 35 40 50 ns 12 

39 ~l1W12 tRWO RAS to WE Deiay in 80 90 100 ns 12 
Read-Modify-Write Cycle 

40 icL1CHl icAW CAS Pulse Width (RMW) 55 65 75 ns 

41 tAVW12 tAWO Col. Address to WE Delay 50 55 60 ns 12 

42 ic12C12 \pc Fast Page Mode Read or Write Cycle Time 35 40 45 ns 

43 icH2c12 icp CAS Precharge Time 10 10 10 ns 

44 tAVRHl leAR Column Address to RAS Setup Time 25 30 35 ns 

45 icH2QV leAp Access Time from Column Precharge 30 35 40 ns 7 

46 ~110X tOHR Data in Hold Time Referenced to RAS 45 50 55 ns 

47 icl1R12 icSR CAS Setup Time CA5-before-RAS Refresh 10 10 10 ns 

48 ~H2C12 ~pc RAS to CAS Precharge Time 10 10 10 ns 

49 tRL1CHl icHR CAS Hold Time CA8-before-RAS Refresh 20 20 20 ns 

50 ic12c12 \PCM Fast Page Mode Read-Modify-Write 80 90 100 ns 
(RMW) Cycle Time 

tT IT Transition TIme (Rise and Fall) 3 50 3 50 3 50 ns 15 

~EF Refresh Interval (1024 CycleS) 16 16 16 ms 17 
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MOSEL-VITELIC V53C851219512 

Notes 
1. 100 is dependent on output loading when the device output is selected. Specified 100 (max.) is measured with the 

output open. 

2. 100 is dependent upon the number of address transitions. Specified 100 (max.) is measured with a maximum of two 
transitions per address cycle in Fast Page Mode. 

3. Specified V'L (min.) is steady state operating. During transitions, V'L (min.) may undershoot to -1.0 V for a period not 
to exceed 20 ns. All AC parameters are measured with V'L (min.) ;:: Vss and V'H (max.) ~ VDD. 

4. tRco (max.) is specified for reference only. Operation within tRCD (max.) limits insures thattRAc (max.) and tcAA (max.) 
can be met. If tRco is greater than the specified ~co (max.), the access time is controlled by tcM and tcAC' 

5. Either tRRH or tRCH must be satisified for a Read Cycle to occur. 

6. Measured with a load equivalent to two TIL inputs and 100 pF. 

7. Access time is determined by the longest of tcAA' tcAC and tcAP' 

8. Assumes thattRAD ~ tRAD (max.}.lftRAD is greater than tRAD (max.), tRAC will increase by the amountthat~Ao exceeds 
~AD (max.). 

9. AssumesthattRco ~~co (max.}.lf~CD is greaterthantRCD (max.), tRAcwili increase bytheamountthat~co exceeds 
tRCD (max.). 

10. Assumes that tRAO ;:: ~AO (max.). 

11. Operation within the tRAD (max.) limit ensures that~Ac (max.) can be met. tRAD (max.) is specified as a reference point 
only. If tRAD is greater than the specified tRAD (max.) limit, the access time is controlled by tcAA and tcAC' 

12. twcs, tRWD, tAWD and lewD are not restrictive operating parameters. 

13. twcs (min.) must be satisfied in an Early Write Cycle. 

14. los and loH are referenced to the latter occurrence of CAS or WE. 

15. tT is measured between V'H (min.) and V'L (max.). AC-measurements assume tT = 5 ns. 

16. Assumes a three-state test load (5 pF and a 380 Ohm Thevenin equivalent). 

17. An initial 200 J.IS pause and 8 RAS-containing cycles are required when exiting an extended period of bias without 
clocks. An extended period of time without clocks is defined as one that exceeds the specified Refresh Interval. 
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MOSEL-VITELIC V53C8512/9512 

TIMING DIAGRAMS 

Read Cycle 

~------------------tRC--~--------------~~ 

~----------tRAS------------~~ 

:------:Lf,4---tAR---+I 
RAS 

VIH~ 

VIL-

CAS 
VIH-

VIL-

A 
VIH-

vIL-

Iii VIH-

OE 

001-0081 vOH- . 
DQ9 vOL _------ OPEN ----1---4-,..:...v"'1"-______ ..30 

Early Write Cycle 

A 

D01-oo81 
D09 VIL _----------<l1I:.._VA_L_ID_D_A_TA_"_IN..30I>-------- OPEN --------

VI//J DON'T CARE 
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MOSEL-VITELIC V53C851219512 

OE-Controlled Write Cycle 

RAS VIH-

VIL-

CAS VIH-

VIL-

A VIH-

VIL-

W VIH-

VIL-

OE 
VIH-

VIL-

DQ1-DQal VIH-

DQ9 VIL-

Read-Modify-Wrife Cycle 

RAS VIH-

VIL-

CAS VIH-

VIL-

A VIH-

VIL-

W 
VIH-

VIL-

OE 
VIH-

VIL-

DQ1-DQ8I VIIOH-

DQ9 VIIOL-
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MOSEL-VITELIC 

Fast Page Mode Read Cycle 

A 
VIH-

VIL-

IN VIH-

VIL-

OE 
VIH-

VIL-

001-0081 VOH
OOg VOL - --------'--<1/ 

Fast Page Mode Write Cycle (Early Write) 

A 

w 

001-0081 
DOg 

V53C851219512 

tRP 

VZI~ DON'T CARE 
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MOSEL-vrrELIC 

Fast Page Mode Read-Modify-Write Cycle 

IASR 

A 

Iii 

oo1-0Q8/ 
DQ9 

RAS-Only Refresh Cycle 

V53C851219512 

~-------------------tRC------------------~ 

VIH-
RAS VIL-

.. N .. f------------tRAS -------.J/I 

ICRP tRPC 

CAS 
VIH-

VIL-

A VIH-
vlL - .J.....I.-'-.L..J-,.:.. ____ ...:;y-'--'_L..L...<-L. ........ '-'-.......... '-'-~t....L....L...L...t._'_.L...I._L..L...<_L.J '-_______ _ 

Note: 'ii, OE ~ Don't Care VlIIJ DON'T CARE 
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MOSEL~VITELIC V53C851219512 

CA8-before-RAS Refresh Cycle 

~-------------IRC--------------------------~ 

VIH
VIL-

CAS VIH
VIL-

I'I. ... I-------�RAS --------------------I .. ~I/I 

I+------ICHR .. 

D01-D081 VIH"':---"""":i.. 
D09 VIL- I>----~-----OPEN ---------------

Note: W = V1H• OE. A = Don't Care 

Hidden Refresh Cycle (Read) 

~----------IRC----~----~r_---------IRC----~----~ 
I+------IRAS IRAS ----.J 

... __ --,---IAR-----+! 

CAS 
VIH-

VIL-

A 

W VIH-
VIL-

OE 
VIH-

VIL-

001-0081 VOH-
D09VOL----~-----~~~ ____ V_AL_ID_D_A_T_A~_U_T ____ _T 

VlJlJ DON'T CARE 
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MOSEL-VITELIC V53C851219512 

Hidden Refresh Cycle (Write) 

~---------tRC--~~--~~---------tRC--------~ 
14------ tRAS tRAS ----~I 

• W VIH-
VIL - -'-.L..J.~.L..j...L....p....;-l ___ -+....t.....'--'-..L...'-'-....t.....'--'-..L.....'--'-..I....I.-'-.L..J.-'-.L..j.....L...L..j...L....L..j...L...~ 

OE VIH
VIL - ..I....I.'-L...J...(o'-L... ........ ......, ........ ...L..L...L...L..L...L....t.....'__'_...t.....'-L.....I....I.'-L.....I....I.'-L.....I....I.-'-........ ...L...L...I....L...L...I....L..L...L...L..'-

DQ1-DQ8/ VOH _--rr-r'"7"'-\.r-....:....-------:lILrT7-r-T7-r-r-T-r-r-T-r-r-r~r-r"'7'""'lr-r"'7'""'lr-r.,....,_r_: 

DQ9VOL-~~~~------~I~ ........ -'-........ ...L...L...I....L..L...L...L..L...L....t.....'--'-..I....I.'--'-..I....I.'--'-..I....I.~ 
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MOSEL;'VITELIC V53C851219512 

CA5-before-RAS Refresh Counter Test Cycle 

14:--------,---- tR!\S -----------I~~I 

tcSR 

CAS 
VIH-

VIL-

A VIH-
VIL-

READ CYCLE 

iii VIH-

VIL-

OE VIH-

VIL-

DQ1-008/ vOH-
009 VOL OPEN 

WRITE CYCLE 

Iii VIH-

VIL-

OE VIH-

VIL-

001-008/ VIH-

009 VIL 

Iii VIH-

VIL-

OE 
VIH-

VIL-

tOH 

001-0081 VIIOH-
009 VVOL --------------......;,-<\1 

rmll DON'T CARE 
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MOSEL-VITELIC 

FuncUonalDescripUon 
The V53C851219512 and V53C8512U9512L are 

CMOS dynamic RAMs optimized for high data 
bandwidth, low power applications. It is functionally 
similar to a traditional dynamic RAM. The 
V53C8512/9512 reads and writes data by 
multiplexing a 19-bit address into a 1 O-bit row and a 
9-bit column address. The row address is latched 
by the Row Address Strobe (RAS). The column 
address ''flows through" an internal address buffer 
and is latched by the Column Address Strobe 
(CAS). Because access time is primarily dependent 
on a valid column address rather than the precise 
time that the CAS edge occurs, the delay time from 
RAS to CAS has little effect on the access time. 

Memory Cycle 
A memory cycle is initiated by bringing RAS low. 

Any memory cycle, once initiated, must not be 
ended or aborted before the minimum tRAS time has 
expired. This ensures proper device operation and 
data integrity. A new cycle must not be initiated until 
the minimum precharge time tRp/tCP has elapsed. 

Read Cycle 
A Read....2Y.cle is performed by holdin~ Write 

Enable (WE) signal High during a RAS/CAS 
operation. The column address must be held for a 
minimum specified by tAR. Data Out becomes valid 
only when toAC, tRAC' tCAA and tcAC are all satisifed. 
As a result, the access time is dependent on the 
timing relationships between these parameters. For 
example, the access time is limited by tCAA when 
tRAC, tCAC and toAC are all satisfied. 

Write Cycle 
~ Write Cycle is performed by taking WE and 
CAS low during a RAS operation. The column 
address is latched by CAS. The Write Cycle can be 
WE controlled or CAS controlled depending on 
whether WE or CAS falls later. Consequently, the 
inlJut data must be valid at or before the falling edge 
of WE or CAS, whichever occurs last. In the CAS
controlled Write Cycle, when the leading edge of 
WE occurs prior to the CAS low transition, the I/O 
data pins will be in the High-Z state at the beginning 
of the Write function. Ending the Write with RAS or 
CAS will maintain the output in the Hl9!!-Z state. 

In the WE controlled Write Cycle, OE must be in 
the high state and tOED must be satisfied. 

V53C851219512 

Refresh Cycle 
To retain data, 1024 Refresh Cycles are required 

in each 16 ms period. There are two ways to refresh 
the memory: 

1. By clocking each of the 1024 row addresses (Ao 
through Ag) with RAS at least once every 16 ms. 
Any Read, Write, Read-Modify-Write or RAS
only cycle refreshes the addressed row. 

2. Using a CAS-before-RAS Refresh Cycle. If CAS 
makes a transition from low to high to low after 
the previous cycle and before RAS falls, CAS
before-RAS refresh is activated. The V53C8512/ 
9512 uses the output of an internal 1 O-bit counter 
as the source of row addresses and ignore 
external address inputs. 

CAS-before-RAS is a "refresh-only" mode and no 
data access or device selection is allowed. Thus, 
the output remains in the High-Z state during the 
cycle. A CAS-before-RAS counter test mode is 
provided to ensure reliable operation of the internal 
refresh counter. 

Data Retention Mode 
The V53C851219512 offers a CMOS standby 

mode that is entered by causing the RAS clock to 
swing between a valid V1L and an "extra high" V1H 
within 0.2 V of V DO. While the RAS clock is at the 
"extra high" level, the V53C8512/9512 power 
consumption is reduced to the low 1006 level. 
Overall 100 consumption when operating in this 
mode can be calculated as follows: 

1= 

Where: 
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tRc = Refresh Cycle Time 
tRX = Refresh Interval/1 024 
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Fast Page Mode Operation 
Fast Page Mode operation permits all 512 

columns within a selected row of the device to be 
randomly accessed at a high data rate. Maintaining 
RAS low while performing successive CAS cycles 
retains the row address internally and eliminates 
the need to reapply it for each cycle. The column 
address buffer acts as a transparent or flow-through 
latch while CAS is high. Thus, access begins from 
the occurrence of a valid column address rather 
than from the falling edge of CAS, eliminating tAsc 
and tT from the critical timing path. CAS latches the 
address into the column address buffer and acts as 
an output enable. During· Fast Page Mode 
operation, Read, Write, Read-Modify-Write or 
Read-Write-Read cycles are possible at random 
addresses within a row. Following the initial entry 
cycle into Fast Page Mode, access is toM or tCAP 
controlled. If the column address is valid prior to the 
rising edge of CAS, the access time is referenced to 
the CAS rising edge and is specified by.!cAE. If the 
column address is valid after the rising CAS edge, 
access is timed from the occurrence of a valid 
address and is specified by toM' In both cases, the 
falling edge of CAS latches the address and 
enables the output. 

Fast Page Mode provides a sustained data rate 
of 28 MHz for applications that require high data 
rates such as bit-mapped graphics or high-speed 
signal processing. The following equation can be 
used to calculate the maximum data rate: 

512 
Data Rate = 

tRC + 511 x tpc 

Data Output Operation 
The V53C851219512.J!!E.ut/Output is controlled 

by OE, CAS, WE and RAS. A RAS low transition 
enables the transfer of data to and from the 
selected row address in the Memory Array. A RAS 
high transition disables data transfer and latches 
the output data if the output is enabled. After a 
memory cycle is initiated with a RAS low transition, 
a CAS low transition or CAS low level enables the 
internal I/O path. A CAS high transition or a CAS 
high level disables the I/O path and the output driver 
if it is enabled. A CAS low transition while RAS is 
high has no effect on the I/O data path or on the 
output drivers. The output drivers, when otherwise 

V53C851219512 

enabled, can be disabled by holding OE high. The 
OE signal has no effect on any data stored in the 
output latches. A WE low level can also disable the 
output drivers when CAS is low. During a Write 
CYCle, if WE goes low at a time. in relationship to 
CAS that would normally cause the outputs to be 
active, it is necessary to use OE to disable the 
output drivers prior to the WE low transition to allow 
Data In Setup Time (tos) to be satisfied. 

Power-On 
After application of the Voo supply, an initial 

pause of 200 J.IS is required followed by a minimum 
of 8 initialization cycles (any combination of cycles 
containing a RAS clock). Eight initialization cycles 
are required after extended periods of bias without 
clocks (greater than the Refresh Interval). 

During Power-On, the Voo current requirement of 
the V53C8512/9512 is dependent on the input 
levels of RAS and CAS. If RAS is low during Power
On, the device will go into an active cycle and 100 

will exhibit current transients. It is recommended 
that RAS and CAS track with Voo or be held at a 
valid VIH during Power-On to avoid current surges. 
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Table 1. V53C851219512 Data Output 
Operation for Various Cycle Types 

Cycle Type 110 State 

Read Cycles Data from Addressed Memory 
Cell 

CAS-Controlled Write High-Z 
Cycle (Early Write) 

WE-Controlled Write OE Controlled. 
Cycle (Late Write) High OE = High-Z I/os 

Read-Modify-Write Data from Addressed 
Cycles Memory Cell 

Fast Page Mode Data from Addressed 
Read Memory Cell 

Fast Page Mode Write High-Z 
Cycle (Early Write) 

Fast Page Mode Read- Data from Addressed 
Modify-Write Cycle Memory Cell 

RA8-0nly Refresh High-Z 

CAS-before-RAS Data remains as in 
Refresh Cycle previous cycle 

CA8-0nly Cycles High-Z 



MOSEL-VITELIC V53C8512NIV53C9512N 
3.3 VOL T, LOW POWER 
512K x 8 AND 512K x 9 BIT 
FAST PAGE MODE 

PRELIMINARY 

CMOS DYNAMIC RAM 

HIGH PERFORMANCE V53C8512NN53C9512N 

Max. RAS Access Time, (tAAd 

Max. Column Address Access Time, (!eAA) 

Min. Fast Page Mode Cycle Time, (tpc) 

Min. ReadlWrite Cycle Time, (tAd 

LOW POWER V53C8512NLlV53C9512NL 

Max. CMOS Standby Current, (1006) 

Features 
• 3.3 Volt ± 10% Operation 
• Sief Refresh 
• 512K x 8 and 512K x 9 Organization 
• RAS access time: 60, 70 ns 
• Low power dissipation for V53C8512N/9512N 

• Operating Current - 50 mA max. 
• TIL Standby Current - 1 mA max. 

• Low CMOS Standby Current 
• V53C8512N/9512N - 2.5 mA max. 
• V53C8512NU9512NL-0.5 mA max. 

• Read-Modify-Write, RAS-Only Refresh, 
CA5-Before-RAS Refresh capability 

• Common 1/0 capability 
• Refresh Interval 

• V53C8512N/9512N -1024 cycleS/16 ms 
• V53C8512NU9512NL - 1024 cycles/16 ms 

• On-chip substrate bias generator 
• Fast Page Mode for a sustained data rate 

greater than 25 MHz 
• Standard package is 28 pin 400 mil SOJ 
• Low Battery Back-up Current 

• V53C8512NU9512NL - 0.5 mA max. 

Device Usage Chart 

60/60L 70170L 

60 ns 10 ns 

30 ns 35 ns 

40ns 45ns 

120 ns 130 ns 

60L 70L 

1 rnA 1mA 

Description 
The V53C8512N is a 524,288 x 8 and the 

V53C9512N is a 524,288 x 9 bit high speed CMOS 
dynamic random access memory. The V53C8512N 
and V53C9512N offer a combination of features: 
3.3 Volt operation, Fast Page Mode for high data 
bandwidth, fast usable speed, CMOS standby 
current and, on request, self refresh and extended 
refresh for very low data retention power 
(V53C8512NL and V53C9512NL). 

All inputs and outputs are TIL compatible. Input 
and output capacitances are significantly lowered to 
allow increased system performance. Fast Page 
Mode operation allows random access of up to 512 
(x4) bits within a row with cycle times as short as 40 
ns. Because of static circuitry, the CAS clock is not 
in the critical timing path. The flow-through column 
address latches allow address pipelining while 
relaxing many critical system timing requirements 
for fast usable speed. These features make the 
V53C8512N and V53C9512N ideally suited for 
graphics, digital signal processing and high 
performance computing systems. 

The V53C8512NL and V53C9512NL offer a 
maximum data retention power of 3.3 mW when 
operating in CMOS standby mode and performing 
CAS-before-RAS refresh cycles. 

Operating Package Outline Access Time (ns) Power 
Temperature Temperature 

Range K 60 70 Low Std. Mark 

O°C to 10°C . . . . . Blank 

V53C8512N/9512N Aev.OO February 1993 
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MOSEL-VITELIC V53C16256118256 ADVANCED 
INFORMATION 256K X 16 AND 256K X 18 BIT 

CMOS DYNAMIC RAMS 

HIGH PERFORMANCE 

Max. RAS Access Time, (~cl 

Max. Column Address Access Time, (IcAAl 

Min. Fasl Page Mode Cycle Time, (Ipcl 

Min. ReadlWrile Cycle Time, (~cl 

Features 
• 256K X 16 and 18-bit organization 
• RAS access time: 70, 80, 100 ns 
• Dual CAS Input 
• Low power dissipation 

• V53C16256-70, V53C18256-70 
- Operating Current - 110 mA max 
- TTL Standby Current - 1.0 mA max 

• Read-Modify-Write, RAS-Only Refresh, 
CA8-Sefore-RAS Refresh 

• Refresh Interval 
• V53C16256118256 - 512 cycles/8 ms 

• Fast Page Mode 

70 80 100 

70 ns 80 ns 100 ns 

35ns 40ns SOns 

45 ns 50 ns SOns 

130 ns 150ns 180 ns 

Description 
The V53C16256 is a 262,144 x 16 bit and the 

V53C18256 is a 262,144 x 18 bit high-performance 
CMOS dynamic random access memory. The 
V53C16256 and V53C18256 offer Fast Page mode 
with dual CAS inputs. An address, CAS and RAS 
input capacitances are reduced to one quarter 
when the x4 DRAM is used to construct the same 
memory density. The V53C16256.and V53C18256 
have asymmetric address and accepts 512 cycle 
8ms interval. 

• Available in 4o-pin 400 mil SOJ and 4o-pin ZIP 

All inputs are TTL compatible. Fast Page Mode 
operation allows random access up to 512 x 16118 
bits, within a page, with cycle times as short as 
45ns. • Single +5V Power Supply 

• TIL Interface 

Device Usage Chart 

Operating Package Outline 
Temperature 

Range P Z 70 

O·Clo 70·C . . . 
V53C16256118256 Rev. 00 March 1993 

TheV53C16256 is best suited for graphics, and 
DSP applications and V53C18256 is best suited for 
the portable and laptop computer main memory 
applications. 

Access Time (ns) Power 
Temperature 

80 100 Std. Mark . . . Blank 
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MOSEL-VITELIC V53C16257118257 ADVANCED 
INFORMATION 256K X 16 AND 256K X 18 BIT 

CMOS DYNAMIC RAMS 

HIGH PERFORMANCE 

Max. RAS Access Time, (~Ael 

Max. Column Address Access Time, (teM) 

Min. Fast Page Mode Cycle Time, (tpel 

Min. ReadlWrite Cycle Time, (~el 

Features 
• 256K x 16 and 18-bit organization 
• RAS access time: 70, 80, 100 ns 
• Dual Write Enable Inputs 
• Low power dissipation 

• V53C16257-70, V53C18257-70 
- Operating Current - 110 mA max 
- TTL Standby Current - 1.0 mA max 

• Read-Modify-Write, RA5-0nly Refresh, 
CA5-Before-RAS Refresh 

• Refresh Interval 
• V53C16257/18257 - 1024 cyclesl16 ms 

• Fast Page Mode 
• Available in 40-pin 400 mil SOJ and 40-pin ZIP 
• Single +5V Power Supply 
• TIL Interface 

Device Usage Chart 

70 80 100 

70 ns 80 ns lOOns 

35 ns 40 ns 50 ns 

45ns 50ns 60ns 

130 ns 150 ns 180ns 

Description 
The V53C16257 is a 262,144 x 16 bit and the 

V53C18257 is a 262,144 x 18 bit high-performance 
CMOS dynamic random access memory. The 
V53C16257 and V53C18257 offer Fast Page mode 
with dual write enable inputs. An address, CAS and 
RAS input capacitances are reduced to one quarter 
when the x4 DRAM is used to construct the same 
memory density. The V53C16257 and V53C18257 
have an asymmetric address and accepts 1 024 
cycle 16ms interval. 

All inputs are TIL compatible. Fast Page Mode 
operation allows random access up to 512 x 16/18 
bits, within a page, with cycle times as short as 
45ns. 

TheV53C16257 is best suited for graphics, and 
DSP applications and V53C18257 is best suited for 
the portable and laptop computer main memory 
applications. 

Operating Package Outline ACcess Time (ns) Power 
Temperature Temperature 

Range P Z 70 80 100 Std. Mark 

O·Cto 70·C . . . . . . Blank 

Vsac16257/1S257 Rev. 00 March 1993 
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MOSEL-VITELIC V53C261 FAMIL Y V53C261 
HIGH PERFORMANCE LOW POWER 
64K X 4 MUL TlPORT VIDEO MEMORY 
WITH FAST PAGE MODE 

HIGH PERFORMANCE V53C261 

Max. RAS Access Time, (tRAC) 

Max Column Address Time, (tr.AA) 

Min. Fast Page Mode Cycle Time, (tpc) 

Min. ReadlWrite Cycle Time, (tRC) 

Min. Serial Port Cycle Time, ('sCC) 

Features 

• Low power dissipation for V53C261-12 
• RAM Port operating alone - 50 mA 
• SAM Port operating alone - 35 mA 
• RAM/SAM operating together - 85 mA 

• Low CMOS standby current - 6 mA 
• Fast Page Mode access, RAS-only refresh, and 

CAS-before-RAS Refresh capability 
• Bi-directional data transfer between RAM and 

SAM with Turbomode™ real-time operation. 
• Bit-masked Write function on RAM port for addi

tional flexibility. 
• 256 Refresh cyclesl4 ms. 
• Standard packages are 24 pin 400 mil Plastic 

DIP and 24 pin ZIP. 

Description 

The V53C261 is a high speed 65,536 x 4 bit 
multiport CMOS dynamic memory. The two ports, 
random access and serial access, are configured to 
offer optimum flexibility in graphics and other sys
tems that require an interface between a processor 
and a high speed serial data channel such as a CRT 
or graphics display device. 

The organization of the random access port of 
the V53C261 is exactly like that of the V53C464, a 
64K x 4 CMOS DRAM. Additional functions such as 
transfer between RAM and SAM utilize otherwise 
unused states of the CAS, DT/OE, WBIWE and SE 
signals sampled at the falling edge of RAS at the 
beginning of a cycle. 

Device Usage Chart 

Operating Package Outline 
Temperature 

I Range P Z 

O·Cto 70·C • I • 
V53C261 Rev. 02 June 1990 
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10 12 

100 ns 120 ns 

45 ns 55 ns 

60 ns 70 ns 

175 ns 205ns 

35 ns 40 ns 

The Serial Access Memory (SAM) is organized 
as 256 x 4 bits that can be read or written at high 
speed. The contents of the SAM can be loaded into 
RAM, and the contents of a selected RAM row (256 
x 4) can be loaded into SAM. Except when transfer
ring data between one another, the SAM and RAM 
operate in an asynchronous manner. The transfer 
from RAM to SAM or SAM to RAM also refreshes the 
transferred row in the RAM. 

In a RAM to SAM load cycle, 8 bits are needed 
to specify which of the 256 rows is to be transferred. 
The state of the address lines at the falling edge of 
CAS is used to specify the starting point in the SAM 
where data is to be written or read. The static 
mechanization of the SAM (allowed by CMOS) does 
not require refreshing. The first access to SAM, 
either read or write, will be to the location specified at 
CAS time in the previous cycle, and subsequent 
accesses will continue in an increasing address 
direction, modulo 256. 

The V53C261 is processed utilizing VI CMOS 
technology. This advanced CMOS processing al
lows memory devices to be fabricated with lower 
operating current and higher performance than com
parable NMOS designs. All I/O signals are TTL 
compatible. Input and I/O capacitances are signifi
cantly lowered to enhance system performance. 

Access Time (ns) Power 

100 I 120 Std. 
Temperature 

Mark 

• I • • Blank 



MOSEL-VITELIC V53C261 

Description 

Plastic DIP 

Plastic ZIP 

Pkg. Pin Count 

P 24 
Z 24 

V 5 3 C 2 6 

;A~IL~ TDE~ICE I p!G. ~P~E~ -,-TElp. 

d (tRAe) PWR. L BLANK (O"C to 70"C) 

P (PLASTIC DIP) l L BLANK (STANDARD) Z (PLASTIC ZIP) 

10 (100 ns) 
12 (120 ns) 869 01 

66901 

24 Lead Plastic DIP 
PIN CONFIGURATION 

Top View 

24 Lead Plastic ZIP 
PIN CONFIGURATION 

Top View 

sc 
SIOo 
SIO, 

DT/OE 

~/ICb 

~/I~ 

WBIWE 
RAS 

A6 

A5 

A4 

voo 

Vss 
SI03 

SI02 

SE 
~ 110.l 
Wz/I~ 
CAS 
Ao 
A, 
A2 
A3 

A7 

Capacitance" 

Symbol Parameter 

CIN1 Address Input 
Capac~ance 

RAS, CA.§.. WBIWE 
CIN2 SE, SC, OTiOE 

Capacitance 

COUT 1/0 Capacitance 

Wz/I~ 1 

SEa 

SIO, 9 

~/ICb 11 

WBIWE 13 

Typ. Max. 

5 

8 

7 

• Note: Capac~ance is sampled and not 100% tested 
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Block Diagram 

A 

869 03 

PRE
DECODER 

ADDRESS 
POINTER 

Absolute Maximum Ratings" 

Ambient Temperature 

ROW 
DECODER 

Under Bias. __ .. __ . ______ . ____ ..... __ .... -10·C to +80·C 
Storage Temperature (plastic) .... -55·C to + 125·C 
Voltage on any Pin Except VOD 

Relative to Vss ................................. -1.0 V to +7.0 V 
Voltage on V DD relative to V ss ........ -1.0 V to +7.0 V 
Data Output Current .................................... 50 mA 
Power Dissipation ......................................... 1 .0 W 

'Note: Operation above Absolute Maximum Ratings can 

adversely affect device reliability. 
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I/O 
BUFFER 

CONTROL 
TIMING 

We/lOa 

W1 /101 

W2 /102 

W3 /103 

RAS 

CAS 

WBIWE 

SC 

SE 

L----r"TT'T-..r--- OriOE 

AC Test Conditions 

V53C261 

Input Voltage Levels ______________________________ .0 to 3.0 V 
Input Rise and Fall Times __________ .5 ns between 0.8 

and 2.4 V 
Input Timing Reference Levels ________ . 0.8 and 2.4 V 
Output Timing Reference Levels ______ 0.8 and 2.4 V 
Output Load (RAM Port) __ .......... 2 TTL and 100 pF 
Output Load (SAM Port) ............ __ 2 TTL and 50 pF 



MOSEL-VITELIC V53C261 

Waveforms of Bit Masked Write 

CAS 

i5T/OE .I \ 
'I 

WBIWE \- --j \ 
I 

: 
I 

: / 
WO/IOa 

EFFECTIVE 

I NON EFFECTIVE I 

EFFECTIVE 

~~~~-------------------J)(~----~i _NO_N_E_F_F_ECT __ IV_E~ __ --J)(~ __________ _ 
SET MASK BIT :BIT -MASKED WRITE: 

I I 

'I II WBIWE = "H" all 4 bits 01 data are written into RAM 
"2 WO-aI1()()-;3 = "H" Non masked 

WO-JII()()-;3 = "L" Masked 

869 04 
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MOSEL-VITELIC 

Waveforms of Serial Output Mode 

SC 

869 05 

RAM _ SAM TRANSFER & START 

I 
I 
I 

REAL TIME TRANSFER 
RAM - SAM ON THE FLY 

I 
I 
I 

WRITE CYCLE 

I DATA OUT 
'---- FROM COLUMN "A" 

I NEW DATA OUT 
'---- FROM COLUMN "8" 

·3 If SE goes to "H" level, SIO, enters the high impedance state, 

but the serial data selector continues to function. 
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MOSEL-VITELIC 

Waveforms of Serial Input Mode 

A.-A, 

SC 

RAM _ SAM 
AT START 

I 
I 

I DATA OUT 
0....-... FROM COLUMN "A" 

PSEUDO WRITE 
TRANSFER 

I 
I 

~DATAIN 
FROM 
COLUMN"C" 

"4 If SE goes to "Ii" level, SIOj input data is ignored, 
but the serial data selector continues to function 
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SAM _ RAM (ROW R4) 
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MOSEL-VITELIC V53C261 

DC Characteristics (1, 5) 
T A = O·C to 70·C, V DO = 5 V ± 10%, V ss = 0 V, unless otherwise specified. 

Access V53C261 

Symbol Parameter Time min max Unit Test Conditions Notes 

III Input Leakage Current -10 10 !lA Vss < VIN < Voo 
(any input pin) 

ILO Output Leakage Current -10 10 !lA ~~T<V.QQ 
(for High-Z State) RAS, CAS and SE at VIH 

100 60 RASICAS Cycling, SAM port 

1001 V DO Supply Current rnA TIL Standby 2,3 
120 50 tRC (min), SC=VIL 

RAM/SAM ports TIL Standby 

1002 VooSupply Current 8 rnA RAS, CAS at VIH, I/O> V ss 

TIL Standby SC=VIL II 
V DO Supply Current 100 60 RAS Cycling, CAS at VIH 

1003 RA5-0nly Refresh rnA SAM port TIL standby 2,3 
120 50 tRC (min), SC=VIL 

V DO SupplyCurrent 100 50 RAS=VIL, CAS Cycling 

1004 Fast Page Mode rnA SAM port TIL Standby 2,3 
Operation 120 40 tpc (min), SC=VIL 

~Supply Current 100 60 RASICAS Cycling, 

1005 CAS-before-RAS rnA SAM port TIL Standby 2,3 
Refresh 120 50 tRC (min), SC=VIL 

V DO SupplyCurrent 100 65 RASICAS Cycling, SAM port 

1006 RAM/SAM Transfer rnA TIL Standby 2,3 
Mode 120 55 tRC (min), SC=VIL 

Voo SupplyCurrent 100 100 RAS/CAS Cycling, SAM port 

1007 Both Ports Active rnA Active 2,3 
120 85 tRC (min), tscc (min) 

Voo Supply Current 100 40 RAS/CAS at VIH, I/O> V SS 

1008 SAM Only Operation rnA SAM port Active 2 
120 35 Iscc (min) 

V DO Supply Current 100 100 RAS Cycling, CAS at VIH, 

1009 RAS-Only Refresh and rnA SAM port Active 2,3 
SAM Active 120 85 tRC (min), tscc (min) 

V DO Supply Current, Fast 100 90 RAS=VIL, CAS Cycling 

10010 Page Mode Operation rnA SAM port Active 2,3 
and SAM Active 120 75 tpc (min),lscc (min) 
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MOSEL-VITELIC V53C261 

DC Characteristics (Cont'd.) 

Access V53C261 

Symbol Parameter Time min max Unit Test Conditions Notes 

~ Supply Current 100 100 RASICAS Cycling, 

10011 CA8-before-RAS mA SAM port Active 2,3 
Refresh and SAM 120 85 ~c (min), tsec (min) 
Active 

V 00 Supply Current 100 105 RASICAS Cycling, 

10012 RAMISAM Transfer mA SAM port Active 2,3 
Mode and SAM Active 120 90 ~c (min),1scc (min) 

10013 V 00 Supply Current RAS, CAS, SE, WBlWE, 
Both Ports CMOS 6 mA DTIOE >V 00 -0.5 V 
Standby SC<0.6V 

V1L Input Low Voltage -1 0.8 V 

V1H Input High Voltage 2.4 Voo V 
+1 

VOL Output Low Voltage 0.4 V IOL = 4.2 mA 

VOH Output High Voltage 2.4 V IOH=-2 mA 
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MOSEL-VITELIC V53C261 

AC Characteristics (1,4,5,6) 
T A = O·G to 70·G, V DD = 5 V ±1 0%, V ss = OV unless otherwise specified. 

Read, Write, Read-Modify-Write and Refresh Cycles 

10 12 
# Symbol Parameter Unit Notes 

Min Max Min Max 

1r Transition Time (Rise and Fall) 3 25 3 25 ns 

~1 Refresh Interval (256 Cycles) 4 4 ms 

1 ~c Read or Write Cycle Time 175 205 ns 

2 ~AS RAS Pulse Width 100 37K 120 37K ns 

3 ~P RAS Precharge Time 65 75 ns 

4 leSH CAS Hold Time 100 120 ns • 5 hs CAS Pulse Width 30 35 ns 

6 tASR Row Address Setup Time 0 0 ns 

7 ~AH Row Address Hold Time 15 15 ns 

8 leRP CAS to RAS Precharge Time 10 10 ns 

9 ~co RAS to CAS Delay 25 70 25 85 ns 7 

10 tASC Column Address Setup Time 0 0 ns 

11 leAH Column Address Hold Time 20 20 ns 

12 tRSH RAS Hold Time 30 35 ns 

13 tOHS DT High Setup Time 0 0 ns 

14 tOHH DT High Hold Time 20 20 ns 

15 tAR Column Address Hold Time 70 80 ns 
from RAS 
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MOSEL-VITELIC 

AC Characteristics {Confd.} 

Read Cycle 

# Symbol Parameter 

16 ~AC RAS Access Time 

17 teAC CAS Access Time 

18 lcAA Column Address Access Time 

19 ~cs Read Command Setup Time 

20 ~RH Read Command Hold Time, 
RAS-Referenced 

21 ~CH Read Command Hold Time, 
CAS-Referenced 

22 loAC OE Access Time 

23 ~ OE or CAS to Output High-Z 

24 \z OE or CAS to Output Low-Z 

25 loH Output Hold Time From OE or CAS 

10 

Min 

0 

5 

0 

0 

0 
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12 
Unit Notes 

Max Min Max Min Max 

100 120 ns 8,9 

30 35 ns 9,10 
11 

45 55 ns 9 

0 ns 

10 ns 12 

0 ns 12 

25 30 ns 9 

25 30 ns 13 

0 ns 

0 ns 



MOSEL-VITELIC 

AC Characteristics (Confd.) 

Write Cycle 

# Symbol Parameter 

26 ~WL Write Command to RAS Lead Time 

27 tCWL Write Command to CAS Lead Time 

28 lWp Write Command Pulse Width 

29 lwcs Write Command Setup Time 

30 lwcH Write Command Hold Time 

31 los Data In Setup Time 

32 loH Data In Hold Time 

33 wss Write Mask Setup Time 

34 WSH Write Mask Hold Time 

35 Ws Write Mask Select Setup Time 

36 lWH Write Mask Select Hold lime 

37 ioEH OE Hold Time Referenced to WE 

38 lwcR Write Hold lime from RAS 

39 loHR Data Hold Time from RAS 
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10 12 
Unit Notes 

Min Max Min Max 
"-""-"""-

30 35 ns 

30 35 ns 

20 25 ns 

0 0 ns 14 

20 25 ns 

0 0 ns 

20 25 ns II 
0 0 ns 

20 20 ns 

0 0 ns 

20 20 ns 

10 15 ns 

80 95 ns 

80 95 ns 



MOSEL-VITELIC 

AC Characteristics (Coord.) 

Read-Modify-Write Cycle 

# Symbol Parameter 

40 ~ Read-Modify-Write Cycle Time 

41 ~RW RMW Cycle RAS Pulse Width 

42 lcRw RMW Cycle CAS Pulse Width 

43 tRWO RAS to WE Delay 

44 lewD CAS to WE Delay 

45 tAWO Column Address to WE Delay 

46 taeo OE to Data In Delay Time 

Fast Page Mode Operation 

# Symbol Parameter 

47 fpc Page Mode Cycle Time 

48 lcp CAS Precharge Time 

49 ~p Access Time from Column Precharge 

# Symbol Parameter 

50 lcsR CAS-befora-RAS Refresh Setup Time 

51 lcHR CAS-befora-RAS Refresh Hold Time 

52 tRPC RAS Precharge to CAS Active Time 
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Min 

245 

170 

100 

135 

65 

80 

25 

Min 

60 

20 

Min 

10 

25 

0 

V53C261 

10 12 
Unit Notes 

Max Min Max 

285 ns 

37K 200 37K ns 

115 ns 

160 ns 14 

75 ns 14 

95 ns 

30 ns 

10 12 
Unit Notes 

Max Min Max 

70 ns 

25 ns 

55 65 ns 15 

10 12 
Unit Notes 

Max Min Max 

10 ns 

25 ns 

0 ns 



MOSEL-VITELIC V53C261 

AC Characteristics (Cont'd.) 

ReadlWrite, Pseudo Write Transfer and Serial Read/Write Cycle 

10 12 
# Symbol Parameter Unit Notes 

Min Max Min Max 

53 !sec Serial Clock Cycle Time 35 40 ns 

54 ~CL SC Precharge Time 10 10 ns 

55 ~oo SE to Serial Out Setup Time 0 5 ns 

56 ~OH Serial Out Hold after SC High 0 5 ns 

57 ~CA Serial Output Access Time from SC 30 35 ns 16 

58 ~A Serial Output Access Time from SE 25 30 ns 16 

59 ~z Serial Output Disable Time from SE High 20 25 ns 13 • 
60 !seH SC Pulse Width 15 15 ns 

61 ~E SE Pulse Width 10 10 ns 

62 ~P SE Precharge Time 10 10 ns 

63 loLS Transfer Command to RAS Setup Time 0 0 ns 

64 ~DH Transfer Command to RAS Hold Time 75 90 ns 

65 hH Transfer Command to CAS Hold Time 25 30 ns 

66 ~DD SC to Transfer Command Lead Time 15 20 ns 

67 ~DH SC Hold Time after DT High 10 10 ns 

68 ~zs Serial Data Input to DT High Delay Time 0 0 ns 

69 loTP DT Precharge Time 25 30 ns 

70 'rRP DT to RAS Precharge Time 75 85 ns 

71 ~ws Serial Write Enable Setup Time 10 10 ns 

72 ~WH Serial Write Enable Hold Time 15 20 ns 

73 ~WIS Serial Write Disable Setup Time 10 10 ns 

74 ~WIH Serial Write Disable Hold Time 15 20 ns 

75 ~RS SC to RAS Setup Time 20 20 ns 
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AC Characteristics (Confd.j 

Read/Write, Pseudo Write Transfer and Serial Read/Write Cycle 

10 12 
# Symbol Parameter Unit Notes 

Min Max Min Max 

76 ~s Pseudo Transfer Command (SEl a a ns 
to RAS Setup Time 

77 tEH Pseudo Transfer Command (SEl 20 20 ns 
to RAS Hold Time 

78 !gIS Serial Data In Setup Time a a ns 

79 !gIH Serial Data In Hold TIme 10 10 ns 

80 !gos SC to DT High Setup TIme a a ns 

81 !gCR SC to RAS Precharge Setup TIme a a ns 

3-14 



MOSEL-VITELIC V53C261 

Notes: 

1. All voltages are referenced to V ss. 
2. 100 is dependent on output loading when the device output is enabled. 100 (max.) is measured with all outputs open. 

3. 100 is dependent on the number of address transitions while CAS is at V1H. Specified 100 (max.) is measured with 

a maximum of two transitions per address input per random cycle and one transition per address cycle in Fast Page 

Mode. 

4. V1H (min.) and V1L (max.) are the reference levels for measuring input signal timing. Transition times are measured 

between V1H (min.) and V1L (max.). 

5. An initial pause of 200 j.IS and 8 RAS-containing cycles are required when exiting an extended period of bias without 

clocks or upon Power Up. An extended period of time without clocks is defined as one that exceeds the specified 

Refresh Interval. 

6. AC characteristics assume ~ = 5 ns. All AC measurements are made with a load equivalent to two TTL inputs and 

either 50 or 100 pF in parallel. V1L (min.) > Vss and V1H (max.) <VOO. 

7. ~co (max.) is for reference only. ~co (min.) = tRAH (min.) + ~+ tASe (min.) 

8. Assumes that~co <~co (max.). If~co>tRco (max.), tRAC will increase by the amountthattRco exceeds tRCO (max.) . 
9. Measured with a load equivalent to 2 TTL loads and 100 pF in parallel. 

10. Assumes tRco > ~co (max.). 

11. If tASe < (tcAA (max.) - leAc (max.) - tT), access time is defined by ~ rather than tCAC· 

12. Either tRCH or ~RH must be satisfied. 
13. An output disable time defines the time when the output reaches the open-circuit condition and is not referenced 

to output voltage levels. 

14. lwcs, ~wo and lewoare specified for reference only. If lwcs > lwcs (min.), the cycle is a CAS-controlled write cycle 

(Early Write), and the 10 pins will be at High-Z during the entire cycle. If lewo > lewo(min.), and tRwO > tRwo(min.), 

the cycle is a Read-Modify-Write cycle, and the 10 pins will reflect the data read from the addressed location. If any 

of the above conditions is not satisfied, the condition of the Data Out pins will be indeterminate. 

15. Access time is determined by the longest of tCAA, leAc and leAp. 
16. Measured with a load equivalent to 2 TTL loads and 50 pF in parallel. 
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Waveforms of Read Cycle 

VIH -
AO-A7 VIL -

wBiWe 
VIH -
VIL -

Wl/lOj 
(OUll'UTS) 

DT/OE 
VIH -
VIL -

NOTES: 
a, b. VIH (min) and VIL (max) are reference levels for measuring timing 

of input signals. 
C., d. VOH (min) and VOL (max) are reference levels for measuring 

timing of Dour __ 
e. tLZ is referenced to the later of CAS and OE low transition. 

Waveforms of Write Cycle (Early Write) 

f. 

g. 

h. 

V53C261 

869 07 

tHZ and IoH are referenced to the eariier 01 CAS and 6E high 
transition. 
Transition is measured +500 mV from steady state voltage with 
speclfled three state load (5 pF and a 380 Ohm Thevenin 
equivalent). 
Either tACH or tRRH must be satisfied. 

1+----------1 RC(I)-------.-i 
1+--------'CSH(4) -----~ 

WjllOj VIH -

(INPUTS) VIL -

WjnOj 
(OUTPUTS) 

1+--------'-' 'RAS (2) ------.j 
---LI<I>----- 'AR(15)- __ -1---...1 

869 os 
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Waveforms of Write Cycle (Delayed Write) 

WinOi VIH -

(INPUTS) VIL -

WiliOi VOH -

(OUTPUTS) VOL -

i+----------1RC(I)I--------t 
J+--------1CSH (4)-----~ 
1+-------'RAS(2)------t 

-----,i. 14----IAR (15) ~+---1 

Waveforms of Read-Modify-Write Cycle 

WinOi 

(INPUTS) 

WinOi 

(OUTPUTS) 

i+----------1RWC(40),-------+i 

'RWD(431 
1+------- RRW(41)---

---.i 14----'AR(15)-
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Waveforms of Fast Page Read Cycle 

CAS 
VIH -

VIL -

AO-A7 VIH -

VIL -

VIH -
WBfWE 

VIL -

WinOi VOH -

(OUTPUTS) 

iSfiOE 
V,H -

V,L -

869 11 

Waveforms of Fast Page Mode Write Cycle 

i-------------'AAS(2)-----------+l 

RAS 
V'H-

CAS 
V'H-

V'L-

'ASA(6) 

Ao-A7 V'H- ~~~~~~7.m~~~hm 
V'L-

W, 110, V,H 

(INPUTS) V IL 

VOH- II 
VOL ;:;-HS(13+J I 
VIH- VI 
V IL - /Y' foo--------------- 'OHH(14) --"'-----_~ ,..JL,,; ..... UL. ...... 

iSf/OE 

HIGH 21;.----11:1-----+------

I 

869 12 
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Waveforms of RAS-Only Refresh Cycle 

RAS 

CAS 

AO-A7 

Wjl10i 

(OUTPUTS) 

DT/OE 

869 13 

1+_-----tRC(l)------------II-

______ -,[ ~----I RAS(2) 
VIHa_ 

Vlt-

V,ti-' 

V'l 

V'H 

V'l 

II 
~: 

VOH- II H,GHz.------,-II,--------

VOL tDHS(13)~ i.-t DHH (14) -1 t OHS (13)-r-J lt DHH (14)-1 

~::-xtIXt/l = ~ 

Waveforms of Hidden Refresh Cycle 

_ READ CYCLE_ •• -----HIDDEN REFRESH CYCL.eE----_ 

CAS 

AO-A7 V'H 

V'l 

V'H 
WBtwE 

V'l 

Wi 110, 
(OU1PUT~) 

DT/OE 
VIH 

V'L 

888 14 
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Waveforms of CA5-before-RAS Refresh Cycle 

RAS 

CAS 

WIIO, 
(OUTPUTS) 

V,H -

V,L -

V,H 

V,L 

t tRC(l) ~ 

Ii: :N:E IRAS(2)==::::Jf 

'--__ --I "~~it~"'~ ~ '~~'} 7 
'----.... iCt CP (48) jL 

VOH -
----------------------------HIGHZ--------------------------__ _ 

VOL -
AO-A7 = DON'T CARE 
Dr/OE = DON'T CARE 
WBlWE= DON'T CARE 

869 148 

Waveforms of Read Transfer Cycle (RAM-SAM) Serial Read Setup· 

WIIO, 
(OUTPUTS) 

. SE 

COLUMN ROW 
V,L - ADDR ADDRESS ADDRESS 

tw:::! r~ tWBH (34J I 

~::~~ 
tD~LS (63) I.-- tCOH (65) 1t: tTRP (7O)--+i 

V,H _ I. t RDH(64) - -------1NWWWWWWY\""lI:"If"~X""'7I~"'lr:X""'7I-X-~~-r~ 

~ t~~~~ 
VOH- HIGH Z----------...,,-----------------

~: tSOA (58) ----j l-l='-----
~ ~~~ I ~ 

V,H ' ~ :SDH (67), {~,!""' -, .1 1 
SC V ~SCL(54) L \ 

IL I t~ -{ ~tSOZ(59) 
SIO 

(OUTPUTS) 

SIO 
(INPUTS) 

~: ~HIGHZ mDATAVA~ 
_ISZ8(68) 

V,H 

V,L 

NOTE: • IN THE CASE THAT THE PREVIOUS TRANSFER IS WRITE TRANSFER. 869 15 
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Waveforms of Read Transfer Cycle (RAM-SAM) (TurbomodeTM ) 

RAS 
V,H -

V,L -

CAS 

AO-A7 ROW 
AODRESS 

V,H 
WBIWE 

• V,H 
DT/OE 

V,L 

W/'O, 

(OUTPUTS) VOL-

V,H -
SE 

V,L 

SC 
V,H -

V,L -

SIO VOH-
OATAVALIO' (OUTPUTS) VOL-

869 16 
f----NEW 

ROWOATA 
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Waveforms of Write Transfer Cycle (SAM-RAM) 

1+-----IRC(I)--'--------~----__+t 

1+-----ICSH(4) ----------t 
VIH _:---~i. ""0----- ::~1~: ---.-I----<~ j:---t-----i. 
VIL -

J---IRCD (9)-*>----

r ICAH (II) 

AO-A7 COLUMN ROW 
VIL - ADDR ADDRESS ADDRESS 

WBIWE ~:~;m rr 

V53C~1 

I DLS (63 rr : ITRP (70)----1 

__ ,. I RDH (64) .J.--I;---:!I:,-x-, ...... ~,.....,.~'X"">OMC""X""> ...... "X""l .... 5fJOE VIH 

VIL ","1l.,.,lj'-lL...lL..lL..lIl.,.,lj'-lL...lL.~IL.l'-lL...lL. 

Wl/lOj 
(OUTPUTS) 

SC 

SIOj 
(INPUTS) 

II 
IDTP(69) 

~- I 
---~-----------HIGHZ_r----------------

rISCR(Jli~ 
II 

DATA VALID· 

SIOj 

(OUTPUTS) VOL DATA VALID t------------HIGHZ~------------~----

NOTE- IF SE IS "H" LEVEL, THE SERIAL INPUT DATA ARE NOT WRITTEN INTO THE DATA REGISTER, BUT THE SERIAL DATA SELECTOR CONTINUES 
TO FUNCTION. 

869 178 
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Waveforms of Pseudo Write Transfer Cycle Serial Write Setup 

1------IRC(I)--------------i 

I------ICSH (4)---------1 

_-----,i. ""----IRAS (2)-------1 1.--+-----01 
RAS VIH - IAR(15)-j 

1+---- I RSH (12) 

V53C261 

I---IRCD (9)-*--- I CAS (5) ---1--1 
I ~--I----

AO-A7 COLUMN ROW 
VIL - ADDR ADDRESS ADDRESS 

WBfWE ~:~ ~ Ir 
IDLS(63) n : ITRP(70)-I __ I- I RDH (64) J,----ll'---r.,...,....-x-,..."...-x-,..."...-x-,..."...-x-,..."...,.... 

Dr/OE VIH 
V IL "-loL.,lj~.lL,;IL...),u.:..lI-:lLJoL.,lj~.lL,;~ 

WJIO. 
(OUTPUTS) 

SC 

SIO 
(INPUTS! 

II t DTP (69) 

VOH- I 
----~-----------HIGHZ:~--------------

rtSCR(!lj~ 
II 

DATA VALID' 

SIO. 
(OUTPUTS) VOL 

DATA VALID --------- HIGH Z----------------

869 17 

NOTE· IF Be IS"H" LEVEL, THE SERIAL INPUT DATA ARE NOT WRITTEN INTO THE DATA REGISTER, BUT THE SERIAL DATA SELECTOR CONTINUES 
TO FUNCTION. 
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Waveforms of Serial Write Cycle 

RAS VIH 
VIL -

__ VIH~ 
DT/OE VIL 

SC 

SIOl VIH 

(INPUTS) VIL 

\'--------~/ 

Waveforms of Serial Read Cycle 

RAS VIH 

VIL -

SE VIH-
VIL -:..... _____ .1 

sc VIH

VIL -

SIOi VOH-

OUTPUTS VOL -'---------1 

\'--______ --.J/ 
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FuncUonalDescripUon 

RAM Operation 

The V53C261 is a CMOS dynamic memory with 2 
ports. One port, the RAM port, operates in the same 
way as the V53C464-64K x 4 DRAM. The other 
port, the Serial Access Port (SAM), allows data to be 
either read from or written to the memory at very high 
data rates. 

The V53C261 reads and writes data via the RAM port 
by multiplexing a 16-bit address into an 8-bit row and 
an 8-bit column address. The Row Address Strobe 
(RAS) latches the row address on chip. The column 
address, however, flows through the internal column 
address buffer and is latched by the Column Address 
Strobe (CAS) signal. Because column access time 
becomes primarily dependent upon a valid column 
address rather than the falling edge of CAS, signal 
timing restrictions on CAS can be greatly loosened 
with no effect on access time. 

Memory Cycle 

A memory cycle is initiated by the falling edge of 
RAS. A memory cycle may not be ended or aborted 
prior to fulfilling the tRAS (min) timing specification 
once it has been started. This precaution is neces
sary for proper device operation and integrity. A new 
memory cycle may not be started until the minimum 
precharge time tRP"lcp has been satisfied. 

Read Cycle 

A read cycle is a memory cycle in which data are 
retrieved from the memory array and presented on 
the W; 110; pins. Read cycles can take the form of 
single operations to a specific row and column ad
dress or page mode accesses to any of 256 column 
addresses within a single row. 

Write Cycle 

A write cycle is a memory cycle in which data 
supplied externally to W; 110; are written into the 
location in memory specified by the address. Using 
the masked write function, any combination of W/IOj 

lines may be written and the remainder ignored. 
Write cycles can take the form of single operations to 
a specific row and column address or page mode 
accesses to any of 256 column addresses within a 
single row. 
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Refresh Cycle 

To retain the data in a V53C261 DRAM a refresh 
operation activating each of the 256 row addresses 
must be performed at least once every 4 ms. Any 
operation such as read, write, RMW, RAS-only 
cycle, CAS before RAS refresh cycle or transfer 
cycle refreshes the addressed row. 

Fast Page Mode Operation 

Fast Page Mode permits all 256 columns of 4-bits 
within a selected row of the V53C261 to be randomly 
accessed at a high data rate. After a normal cycle 
initiation, maintaining RAS low while performing suc
cessive CAS cycles retains the row address inter
nally and eliminates the need to resupply it. The 
column buffer acts as a transparent latch while CAS 
is high and, when CAS goes low, holds the ad
dresses applied. Because of the transparent 
latches, the column address ''flows through" and the 
read access begins upon stable addresses rather 
than the falling CAS edge. This eliminates tASC and 

1r from the critical timing path and helps to speed up 
access while making operation simpler. 

During a Fast Page Mode operation, read, write, 
read-modify-write, or read-write-read cycles are 
possible to random addresses within a selected row. 
Multiple operations to the same address are permit
ted as well as more than 256 accesses to any 
combination of addresses within the selected row. 
The only limiting factor to the number of such Page 
Mode accesses is consideration of refresh timing. 
Following the entry cycle into Page Mode, access 
time is tCAA or tCAP -dependent. If the column address 
is valid before or coincident with the rising edge of 
CAS, then tCAP is the access controlling parameter. 
If the column address is valid after the rising edge of 
CAS, access time is determined by tCAA. In both 
cases, the falling edge of CAS latches the address 
and enables the output buffers. 

With Fast Page Mode, very high sustained data rates 
can be achieved. The following equation can be 
used to calculate the data rate possible: 

256 
Data Rate = 

• 
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Mode Selection 

Control Signals 
Ao-A., 

(Sampled at the failing edge of RAS) Sample Time 
RAM Operation to SAM Mode to be 
to be Performed Entered CAS DT/OE WBIWE SE WI 1101 RAS CAS 

Read Mode not affected X X X Row Column Add. 

Wr~e Mode not affected H H X X Row Column Add. 

Mode not affected L X H· Row Column Add. 

Bit Masked Write 

Mode not affected H L X L· Row Column Add. 

RAM ~ SAM Transfer Output Mode H X X Row SAM Start·· 

L 
SAM ~ RAM Transfer Input Mode L L X Row SAM Start·· 

Pseudo Transfer Input Mode L H X X SAM Start·· 

CAS-before-RAS or ModEl not affected L X X X X X X 
Hidden Refresh 

X = DON'T CARE 

• The state of the W, I~nes is sampled at the falling edge of RAS to set the Write Bit Mask Register. If Wi 110, is high 
at the falling edge of RAS, no masking action is taken and the corresponding data bit will be subject to change by a write 
operation. If W/IO, is low at the falling edge of RAS, the corresponding bit is masked and will not be altered by a write 
operation. 
The 8 address signals, Ao - A7, are used to select the RAM row address that will be affected by. a transfer to or from 
the SAM and the starting address for a SAM read or write operation. The falling edge of RAS strobes the row address, 
and the falling edge of CAS strobes the SAM starting address. 
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Combined RAM-SAM Operation 

Transfer 

The transfer operation of the V53C261 allows a row 
(256 bits) of data to be transferred between RAM and 
SAM in either direction. The signals and states that 
control the transfer operation are specified in the 
Mode Selection Table. 

To start a serial write operation, it is necessary to 
cause the SIOo -S103 pins of the SAM port to be in a 
high-Z state. The pseudo write transfer cycle accom
plishes this purpose and must be performed any time 
the SAM mode is to be changed from read to write. 
No data transfer takes place, but addresses are set 
up as in any other transfer cycle. A read transfer 
cycle (RAM to SAM) changes the mode from write to 
read. 

SAM Operation 

General 

The Serial Access Memory (SAM) ofthe V53C261 is 
organized as 256 words x 4 bits per word. It is 
possible to load the SAM from two sources: the RAM 
and the external serial I/O lines, SIOj. SAM has two 
operational modes, read and write (viewed exter
nally). Mode changes were described in the previ
ous section. 

When the SAM is in the read mode, data are first 
transferred from the RAM to SAM and then can be 
accessed serially via the SIOj lines beginning with 
any SAM address. The progression of data output is 
from lower to higher numbered bits and addresses 
are modulo 256. 

When the SAM is in the write mode, data are cap
tured into the SAM using the SIOj lines and can be 
written into a selected row in the RAM by a write 
transfer operation. 

Read/Write 

The SC pin is used as a 'shift clock' for the SAM port. 
Serial access is triggered by the rising edge of SC. 
When the SAM is in the write mode, the rising edge 
of SC causes data to be strobed into the selected cell 
of the SAM. In the read cycle, output data become 
valid aftertscA from the rising edge of SC and remain 
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valid until the next cycle. The SAM address is 
automatically incremented by SC. 

The SE pin is used as an output/input enable pin for 
the SAM. It does not, however, gate the SC signal. 
The SAM address counter for read or write opera
tions will continue to increment regardless of the 
state of SE. 

Turbomode Read Transfer 

The V53C261 offers Turbomode real-time read 
transfer between RAM and SAM. By using the 
Turbomode feature, a continuous data stream can 
be generated even if the row address must be 
changed. No loss oftiming is caused by Turbomode 
transfer. The data transfer from the RAM to SAM is 
!!]m.ered by the rising edge of DT/OE after the RAS/ 
CAS cycle has set up the data to be transferred and 
the start address. New row data is available for SAM 
output after DT/OE returns to a high state in compli
ance with specification parameters tSD~~H. SC 
should be applied continuously and DT/OE timed 
from SC to achieve non-stop transfer. 

Write Transfer 

When the SAM has been placed into a write mode, 
and the required data have been captured via SIOj , 
the write transfer operation will cause the content of 
the SAM to be written into the selected RAM row. 
After the write transfer cycle has been completed, 
more data can be written to the SAM via SIOj. 

Power-On 

After application of the V DO supply, an initial pause of 
200 !lS is required followed by a minimum of 8 
initialization cycles (any combination of cycles con
taining a RAS clock). Eight initialization cycles are 
required after extended periods of bias without 
clocks. An extended period of time without clocks is 
defined as one that exceeds the specified refresh 
interval. During Power-On, the V DO current require
ment of the V53C261 is ~endent on the input 
levels of RAS and CAS. If RAS is Low during Power
On, the device will go into an active cycle, and 100 will 
exhibit current transients. It is recommended that 
RAS and CAS track with V DO or be held at a valid V1H 
during Power-On to avoid current surges. 



MOSEL-VITELIC V52C4256 PRELIMINARY 
MUL TIPORT VIDEO RAM WITH 
256K X 4 DRAM AND 512 X 4 SAM 

HIGH PERFORMANCE V52C4256 

Max. RAS Access Time, (tRAC> 

Max. CAS Access Time, (leAC> 

Max. Column Address Access Time, (IAA) 

Min. Fast Page Mode Cycle Time, (tpC> 

Min. ReadlWrite Cycle Time, (tRC> 

Max. Serial Access Time, (tSCA) 

Min. Serial Port Cycle Time, (tscC> 

Features 
• Organization 

• RAM Port: 262,144 words x 4 bits 
• SAM Port: 512 words x 4 bits 

• RAM Port 
• Fast Page Mode, Read-Modify-Write, 

Write-Per-Bit 
• 512 Refresh Cycles/8 ms 
• CAS-before-RAS Refresh, Hidden Refresh, 

RAS-only Refresh 

• SAM Port 
High Speed Serial Read/Write Capability 

• 512 Tap Locations 
• Fully Static Register 

• RAM-SAM Bidirectional Transfer 
• Read/Write/Pseudo Write Transfer 
• Real Time Read Transfer 

• Low Power Dissipation 
• RAM Port Operating Alone - 85 mA 
• SAM Port Operating Alone - 50 mA 

• Low CMOS Standby Current - 7 mA 
• Package 

• 28 pin 400 mil SOJ 
• 28 pin 400 mil ZIP 

Device Usage Chart 

60 70 80 10 

60 ns 70 ns 80 ns 100 ns 

15 ns 20 ns 25 ns 25 ris 

30 ns 35 ns 40 ns 50 ns 

40 ns 45 ns 50 ns 55 ns 

120 ns 140 ns 150 ns 180 ns 

25 ns 25 ns 25 ns 25 ns 

30 ns 30 ns 30 ns 30 ns 

Description 
The V52C4256 VRAM is equipped with a 

262,144-words by 4-bits dynamic random access 
memory (RAM) port and a 512-words by 4-bits 
static serial access memory (SAM) port. The 
V52C4256 supports three types of operations: 
random access to and from the RAM port, high 
speed serial access to and from the SAM port, and 
bidirectional transfer of data between any selected 
row in the RAM port and the SAM port. The RAM 
port and the SAM port can be accessed 
independently except when data is being 
transferred between them internally. 

Operating Package Outline Access Time (ns) Power 
Temperature Temperature 

1 
60 1 70 1 80 1 100 Range K z Std Mark 

O'C-70'C . I . • I . I I . Blank 

V52C4256 Rev.02 January 1993 

3-28 



MOSEL-VITELIC 

Description Pkg. Pin Count 

SOJ 

ZIP 

K 28 
Z 28 

28 Lead Pin Configuration 

SC VSS 
SIOl SI04 
SI02 SI03 

DT/OE SE 
Wl/101 W4II04 
W2II02 W3/103 
WBIWE NC 

NC CAS 
RAS NC 

AS AO 
A6 Al 
AS A2 
A4 A3 

VDD 0... ___ "';"", A7 

NC 
W4/104 

SI03 
VSS 

SIOl 
DT/OE 

W2I102 
NC 
AS 
AS 

VDD 
A3 
Al 
NC 

K-SOJ 

Z-ZIP 

W3/103 
SE 
SI04 
SC 
SI02 
Wl/101 
WBIWE 
RAS 
A6 
A4 
A7 
A2 
AO 
CAS 

Capacitance~ 

TA = 25°C, VDD = 5 V ±1D%. Vss = D V, f = 1MHz 

Symbol Parameter Min. Max. 

CIN I nput Capacitance 7 

CIN/OUT Input/Output 9 
Capacitance 

'Note: Capacitance is sampled and not 100% tested. 

V52C4256 

V52C4256 

Unit 

pF 

pF 

V-~ TV T V 
FAMILY 

3-29 

DEVICE PKG. SPEED PWR. TEMP. 

,,~J 
CtRAcl L L BLANK (O"C to 7O"C) 

~ 
BLANK (STANDARD) 

60 (60ns) 
70 (70 ns) 
80 (80 ns) 
10 (100 ns) 

Pin Names 

Name Description 

AD-AS Address Inputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

DT/OE Data Transfer/Output Enable 

WBflNE Write per BitflNrite Enable 

W1/101-W4/104 Write Mask/Data In, Out 

SC Serial Clock 

SE Serial Enable 

S101-S104 Serial Input/Output 

VDDNSS Power (5V)/Ground 

NC No Connection 

Absolute Maximum Ratings~ 

Ambient Temperature 
Under Bias ................................. -1O°C to +80°C 

Storage Temperature (plastic) .... -55°C to +125°C 
Voltage Relative to Vss ............................ -1.0 to +7.0 V 
Short Circuit Out Current ............................. 50 mA 
Power Dissipation ............................................ 1 W 

'Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 
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Functional Diagram 

a: a: w w c iL w 
8 512.512.4 

:m~ :::; ~ :::; 
W Q.. 

i:i c :::; 512 CELL 16_ 
z c( It C/)/Jl 
:::; III ARRAY I-

3 z 
0 w 
0 C/) 

AO-AJJ 
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DC and Operating Characteristics 
(Voo = 5V ± 10%, TA = 0-70°C) 

Symbol Parameter (RAM Port) 

1001 Operating Current 

RAS, CAS Cycling, lAC = lAC Min. 

1001A 

1002 Standby Current 
RAS, CAS = V1H 

10D2A 

1003 RA5-0nly Refresh Current 
RAS Cycling, CAS = V1H, 

1003A tRC = tRC Min. 

10D4 Page Mode Current 
RAS = V1L, CAS Cycling, 

10D4A tpc = tpc Min. 

1005 CAS-before-RAS Refresh Current 
RAS Cycling, CAS before RAS, 

tRC = tRc Min. 

10D5A 

1000 Data Transfer Current 

RAS, CAS Cycling, tRC = tRc Min. 

10D6A 

II(L) Input Leakage Current 

SAM 

Port 

Standby 

Active 

Standby 

Active 

Standby 

Active 

Standby 

Active 

Standby 

Active 

Standby 

Active 

OV,;; V1N ,;; 5.5V, all other pins not under test = OV 

IO(L) Output Leakage Current 
OV,;; VOUT ';; 5.5V, Output Disable 

VOH Output "H" Level Voltage 

lOUT =-2 rnA 

VOL Output "L" Level Voltage 

lOUT =2 rnA 

V1H Input High Voltage 

V1L Input Low Vo~age 

-60 

Min. Max. 

95 

130 

7 

55 

95 

130 

75 

130 

95 

130 

95 

130 

-10 10 

-10 10 

2.4 

0.4 

2.4 Voo+l 

-1.0 0.8 
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V52C4256 

-70 -80 -10 

Min. Max. Min. Max. Min. Max. Unit Note 

85 75 65 mA 1,2 

120 110 100 rnA 1,2 

7 7 7 mA 

50 45 40 mA 1,2 

85 75 65 rnA 1,2 

120 110 100 mA 1,2 

70 65 60 mA 1,2 

120 110 100 mA 1,2 

85 75 65 rnA 1,2 

120 110 100 rnA 1,2 

85 75 65 mA 1,2 

120 110 100 rnA 1,2 

-10 10 -10 10 -10 10 !LA 

-10 10 -10 10 -10 10 !LA 

2.4 2.4 2.4 V 

0.4 0.4 0.4 V 

2.4 Voo+l 2.4 Voo+l 2.4 Voo+l V 

-1.0 0.8 -1.0 0.8 -1.0 0.8 V 



MOSEL-VITELIC V52C4256 

AC Electrical Characteristics Notes: 3,4,5 

-60 ·70 -80 ·10 

Symbol Parameter Min. Max. Min. Max. Min. Max. Min. Max. Unit Notes 

~c Random Read or Write Cycle Time 120 140 150 180 ns 

~MW R~odify-Write Cycle Time 175 195 195 235 ns 

tpc Fast Page Mode Cycle Time 40 45 50 55 ns 

IpRMW Fast Page Mode Read-Modify-Write Cycle Time 85 90 90 100 ns 

~c Access Time from RAS 60 70 80 100 ns 6,12 

tM Access Time from Column Address 30 35 40 50 ns 6,12 

!cAc Access Time from CAS 15 20 25 25 ns 6,13 

IePA Access Time from CAS Precharge 35 40 45 50 ns 6,13 

'oFF Output Suffer Turn-Off Delay 0 15 0 20 0 20 0 20 ns 8 

tT Transition Time (Rise and Fall) 3 35 3 35 3 35 3 35 ns 5 

~p RAS Precharge Time 50 60 60 70 ns 

~S RAS Pulse Width 60 10K 70 10K 80 10K 100 10K ns 

tRAsP RAS Pulse Width (Fast Page Mode only) 60 lOOK 70 lOOK 80 lOOK 100 lOOK ns 

tRSH RAS Hold Time 15 20 25 25 ns 

IcsH CAS Hold Time 60 70 80 100 ns 

!cAs CAS Pulse Width 15 10K 20 10K 25 10K 25 10K ns 

~D RAS to CAS Delay Time 20 45 20 50 20 55 20 75 ns 12 

~D RAS to Column Address Delay Time 15 30 15 35 15 40 20 50 ns 12 

~ Column Address to RAS Lead Time 30 35 40 55 ns 

IeRP CAS to RAS Precharge Time 10 10 10 10 ns 

IePN CAS Precharge Time 10 10 10 10 ns 

lep CAS Precharge Time (Fast Page Mode) 10 10 10 10 ns 

tASR Row Address Setup Time 0 0 0 0 ns 

~H Row Address Hold Time 10 10 10 10 ns 

tASC Column Address Setup Time 0 0 0 0 ns 

leAH Column Address Hold Time 10 15 15 15 ns 

tAR Column Address Hold Time referenced to RAS 50 55 55 70 ns 

tRcS Read Command Setup Time 0 0 0 0 ns 

tRCH Read Command Hold Time 0 0 0 0 ns 9 

~RH Read Command Hold Time referenced to RAS 0 0 0 0 ns 9 

iwCH Write Command Hold Time 10 15 15 15 ns 

iwCR Write Command Hold Time referenced to RAS 50 55 55 70 ns 

twp Write Command Pulse Width 10 15 15 15 ns 
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AC Electrical Characteristics (Cont'd) 

-60 ·70 -80 ·10 

Symbol Parameter Min. Max. Min. Max. Min. Max. Min. Max. Unit Notes 

~WL WrHe Command to RAS Lead Time 15 20 20 25 ns 

IewL Write Command to CAS Lead Time 15 20 20 25 ns 

tos Data Setup Time 0 0 0 0 ns 10 

tDH Data Hold Time 15 15 15 15 ns 10 

IoHR Data Hold Time referenced to RAS 50 55 55 70 ns 

twes Write Command Setup Time 0 0 0 0 ns 11 

tRWD RAS to WE Delay Time 90 100 100 130 ns 11 

tAWD Column Address to WE Delay Time 60 65 65 80 ns 11 

lewD CAS to WE Delay Time 40 45 45 55 ns 11 

Ioze Data to CAS Delay Time 0 0 0 0 ns 

Ioza Data to OE Delay Time 0 0 0 0 ns 

toeA Access Time from OE 15 20 20 25 ns 6 

Ioez Output Buffer Turn-Oll Delay from OE 0 10 0 10 0 10 0 20 ns 8 

toED OE to Data Delay Time 10 10 10 20 ns 

toEH OE Command Hold Time 10 10 10 20 ns 

~H RAS Hold Time referenced to OE 10 15 15 15 ns 

tcsR CAS Setup Time for CAS-before-RAS Cycle 10 10 10 10 ns 

!eHR CAS Hold Time for CAS-before-RAS Cycle 10 10 10 10 ns 

tRPe RAS Precharge to CAS Active Time 0 0 0 0 ns 

~EF Refresh Period 8 8 8 8 ms 

twSR WB Setup Time 0 0 0 0 ns 

~H WBHoldTime 15 15 15 15 ns 

~s WrHe-Per-Bit Mask Data Setup Time 0 0 0 0 ns 

~H Write-Per-Bit Mask Data Hold Time 15 15 15 15 ns 

tTHS DT High Setup Time 0 0 0 0 ns 

tTHH DT High Hold Time 15 15 15 15 ns 

tTLS DT Low Setup Time 0 0 0 0 ns 

tTLH DT Low Hold Time 15 10K 15 10K 15 10K 15 10K ns 

tRTH DT Low Hold Time referenced to RAS 55 10K 60 10K 65 10K 80 10K ns 
(Real Time Read Transfer) 

tATH DT Low Hold Time referenced to Column 20 25 30 30 ns 
Address (Real Time Read Transfer) 

!eTH DT low Hold Time referenced to CAS 15 20 25 25 ns 
(Real Time Read Transfer) 
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AC Electrical-Characteristics (Cant'd) 

-60 -70 -80 -10 

Symbol Parameter Min. Max. Min. Max. Min. Max. Min. Max. Unit Notes 

teSR SE Setup Time referenced to RAS o. 0 0 0 ns 

tREH SE Hold Time referenced to RAS 15 15 15 15 ns 

tTRP DT to RAS Precharge Time 50 60 60 70 ns 

tTP DT Precharge Time 20 20 20 30 ns 

tRSO RAS to First SC Delay Time (Read Transfer) 65 70 80 100 ns 

tASo Column Address to First SC Delay Time 40 45 45. 50 ns 
(Read Transfer) 

!eso CAS to First SC Delay Time (Read Transfer) 20 20 25 25 ns 

tTSL Last SC to DT lead Time 5 5 5 5 ns 
(Real Time Read Transfer) 

tTSO DT to First SC Delay Time (Read Transfer) 15 15 15 15 ns 

tsRS LaSt sc to RAS Setup Time (Serial Input) 20 25 25 30 ns 

tsRO RAS to First SC Delay Time (Serial Input) 20 20 20 25 ns 

Isoo RAS to Serial Input Delay Time 40 40 40 50 ns 

tsoz Serial Output Buffer Tum-0ff Delay from RAS 10 40 10 40 10 40 10 50 ns 8 
(Pseudo Write Transfer) 

Isec SC Cycle Time 30 30 30 30 ns 

Isc SC Pulse Width (SC High Time) 10 10 10 10 ·ns 

tscp SC Precharge Time (SC Low Time) 10 10 10 10 ·ns 

!seA ·Access Time from SC 25 25 25 25 ns 7 

tSOH Serial Output Hold Time from SC 5 5 5 5 ns 

tsos Serial Input Setup Time 0 0 0 0 ns 

IsOH Serial Input Hold Time 15 15 15 15 ns 

IsEA Access Time from SE 25 25 25 25 . ·ns 7 

IsE SE Pulse Width 25 25 25 25 ns 

IsEP SE Precharge Time 25 25 25 25 ns 

IsEZ Serial Output Buffer Tum-0ff Delay from SE 0 20 0 20 0 20 0 20 ns 8 

tSZE Serial Input to SE Delay Time 0 0 0 0 ns 

Iszs Serial Input to First SC Delay Time 0 0 0 0 ns 

tsws Serial Write Enable Setup Time 5 5 5 5 ns 

IsWH Serial Write Enable Hold Time 15 15 15 15 ns 

IsWIS Serial Write Disable Setup Time 5 5 5 5 ns 

IsWIH Serial Write Disable Hold Time 15 15 15 15 ns 
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Notes 

1 . These parameters depend on cycle rate. 

2. These parameters depend on output loading. Specified values are obtained with the output open. 

3. An initial pause of 200J.lS is required after power-up, followed by any 8 RAS cycles (DT/OE "high") and 

any 8 SC cycles before proper device operation is achieved. In case of using internal refresh counter, a 

minimum of 8 CAS-before-RAS initialization cycles instead of 8 RAS cycles are required. 

4. AC measurements assume tr = 5 ns. 

5. V1H (min.) and V1L (max.) are reference levels for measuring timing of input signals. Also, transition times 

are measured between V1H and V1L. 

6. RAM port outputs are measured with a load equivalent to 1 TTL load and 100 pF. Dour reference levels: 

VOWVOL = 2.0V/0.8V. 

7. SAM port outputs are measured with a load equivalent to 1 TIL load and 30 pF. Dour reference levels: 

VoHNOL = 2.0V/0.8V. 

8. toFF (max.), toEZ (max.), tSDZ (max.) and tSEZ (max.) define the time at which the outputs achieve the 

open circuit condition and are not referenced to output voltage levels. 

9. Either tRCH or tRRH must be satisfied for a read cycle. 

10. These parameters are referenced to CAS leading edge of early write cycles and to WBIWE leading edge 

in OE-controlled write cycles and read-modify-write cycles. 

11. twcs, tRWD, tCWD and tAWD are not restrictive operating parameters. They are included in the data sheet 

as electrical characteristics only. If twcs ~ twcs (min.), the cycle is an early write cycle and the data out 

pin will remain open circuit (high impedance) throughout the entire cycle. If tRWD <:: tRWD (min.), tCWD <:: 

leWD (min.) and tAWD ~ tAWD (min.), the cycle is a read-modify-write cycle and the data out will contain 

data read from the selected cell. If neither of the above sets of conditions is satisfied, the condition of the 

data out (at access time) is indeterminate. 

12. Operation within the tRCD (max.) limit ensures that tRAC (max.) can be met. tRCD (max.) is specified as a 

reference point only; if tRCO is greater than the specified tRco (max.) limit, then access time is controlled 

by leAC. 

13. Operation within the tRAO (max.) limit ensures that tRAC (max.) can be met. tRAO (max.) is specified as a 

reference point only; if tRAD is greater than the specified tRAO (max.) limit, then access time is controlled 

by tAA. 

• 
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TIMING WAVEFORMS 

Read Cycle 

RAS 

CAS 

AD-AS 

r-- IN 

W11101-

VIH-

VIL-

VIH-

V52C4256 

tRC 

IRAS 

IAR 

tcSH 

tRCD i4---tcPN 

tRAD 

W41104 tRAC-----llj.,....-_......:. __ -==-_-,L 
LOUT VOH-_________ OPEN VALID DATA-OUT I}------

VOL-

VTII1 : "H" OR "L" 
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Write Cycle (Early Write) 

~-------------------tRC--------------------~ 

~----------tRAS--------------.1 

VIH-:-----~I+--- tAR ----------~~ 

VIL-

~---------~SH------~~-'I 

~----tRCD----~~-

CAS 
VIH----+---++---------+------

AO-A8 

WSfWE 

DTIOE 

IN VIHI vIL-

W1/I01-
W4/I04 ~-------tDHR--------•• 1 

LOUT VOH-_____________ _ _____________ _ 
VOL _ OPEN 

*1 WSfWE W1/I01-W4/I04 

0 WM1 data 

1 Don't Care 

WMI data: 0: Write Disable 
1: Write Enable 
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V1J1J : "H" OR "L" 

Cycle 

Write per bit 

Normal Write 

• 
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Write Cycle (OE Controlled Write) 

RAS VIH-

VIL-

CAS VIH-

AD-AS 

IN vIH
I. VIL

W1/101-· 
W4/104 

tRCD 

V52C4256 

tRC 

tRAS 

tAR 

tcSH 

LOUT VOH-___ .,.--_________ OPEN _______________ _ 

VOL 

*1 WBIWE W1/101-W4/104 

0 WM1 data 

1 Don't Care 

WM1 data: 0: Write Disable 
1: Write Enable 
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VIlJJ : "H" OR "L" 

Cycle 

Write per bit 

Normal Write 
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Read-Modify-Write Cycle 

~---------tRMW----------------------------------~ 

VIH-
~-------- tRAS --------------------~ ...it:----:i. 

RAS 
VIL-

J:R~ 

l"i"'t---------IAR------+I 

~---tCSH--------~------~ 

~----tRCD---_I+_------_I_tRSH-------_H~ 

CAS --+--++------±--\.I~---_+_ teAS J:-------I""""""----L VIH-

VIL-

AO-A8 VIH-

IN VIH

I VIL -......, """f--"""T'"--"r"-"I""" 
W1/101-
W4/104 

LOUT VOH-___ ......:.. __ 
VOL-

--
"1 WBIWE W1/101-W4/104 

0 WM1 data 

1 Don't Care 

WMl data: 0: Write Disable 
1: Write Enable 
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Cycle 
VIII1 : "H" OR "L" 

Write per bit 

Normal Write 

• 
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Fast Page Mode Read Cycle 

AD-AS 

DT/OE 11//11 ~ 11/// / /'A /11////1 

IOZO-.j * tePA tePA 

I IN ~IILH! 1111 1 1/,r~I>---i-'~--+-L..+-~--++.--+~--+-+-r.-IO-EA++-'~-FF+-+---1H:-'~E-A+-+---
W1t101- /1 I Ik II I , -.- ~!~r:.... ~ • 'V~ -. r-:-- I... .. ~- f-+ ~1QFF 
W4/104 ~IAA:' 1QEZ - a ~ ~ ~ 

LOUT VOH- IRAC ___ -<l~ OATA-OUT +-IAA --.0; OATA-OUT I4-IAA OATA-OUI'I>-__ 
VOL ---OPEN 1 2 n 

VI/I] : "H" OR "L' 
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Fast Page Mode Write Cycle (Early Write) 

~------~----tRASP----------~ 

CAS 

AD-AS 

VIH---"""""-I4---
VIL-

VIH _-:r",,--++--"';';":~--.r"\ 

VIL-

1 ... 1---- tpc --~ 

VIH~t--r+-~~~r,~~,,~,,~~ff-r~r7-r~,,~T;~'-r7-r~"~T 
DT/OE VIL-

IN VIH
I VIL- ~=;....;;r 

W1/101-
W4/104 

LOUTVOH-__________________________ --------------------------VOL- OPEN 

--
*1 WBIWE W1/101-W4/104 

D WM1 data 

1 Don't Care 

WM 1 data: 0: Wrije Disable 
1: Wrije Enable 
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Cycle 
V///1 : "H" OR "L" 

Write per bit 

Normal Write 

• 
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Fast Page Mode Read-Modify-Write Cycle 

~------------------------tRASP----------------------~ 

AO-A8 

DT/OE 

liN 

W11101-
W41104 

1\141----- tcSH -f-------.! 

LOUT VOH-_-+ ___ --<I 
VOL-

--
*1 WBIWE W11101-W41104 

0 WM1 data 

1 Don't Care 

WM1 data: 0: Write Disable 
1: Write Enable 

tRP 

Cycle 
VillA : "H" OR "L" 

Write per bit 

Normal Write 
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RAS Only Refresh Cycle 

~--------tRC --------_ 

RAS 
VIH-------,I 

VIL-

tcRP 

~------ tRAS -----_ 

W1/I01- VOH-____________ OPEN _____________ _ 
W4/104 vQL-

V1JZ1 : "H" OR "L" 

CAS before RAS Refresh Cycle 

~--------tRC---------.1 

1'~r------tRAS-----~ 

tcSR 

CAS 

VIH _-r"'T""l~"'T""l....,.._r_l"'7"_r_l"'7"_r_l"'7"_r_l"'7"_r_l~"'T""l~"'T""l~"'T""l~"'T""l~"'T""l"'7""'T""l~"'T""lr_r_7 

WBIWE VIL --:.....'-'-...L....'-'--4-''-'-..L..I.'-'-..L..I.'-'-..L..I.'-'-..L..I.'-'-...L....'-'-...L....'-'-...L....'-'-...L....'-'-...L....'-'-...L....'-'-...L....'-'-...L....~ 

W1/I01- VOH- 1>-_________ OPEN __________ _ 

W4/I04 VOL -:....-____ --"1'""" 

Note: AO - AS = Don't Care ("W or "L'1 P71A : "H" OR "L" 
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Hidden Refresh Cycle 

~-----IRC-----~~-----IRC----~ 

VIH------..L~-- IRAS ---~ ,....--" 1-41---- IRAS ---.I "......_" 
lI.~--IAR--~ 

VIL-

IRSH 

W1/101- VOH--.....;.~-..:;,jl>+ ______ --<I 
W4/104 vOL - ~ _________ -"I 

!4---IRAC---.I VIlA : "H" OR "L" 

3-44 
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Read Transfer Cycle (Previous Transfer is Write Transfer Cycle) 

~--------tRC--------------------------------~ 

~ ______ ~ ~r-------tRAS--------------------~p-~~~~ 
VIH-

RAS 
VIL-

\~--------~R----------~ 

J.-------------- tcSH ---+-----.j 
~---- tRCD -------1~- tRSH -t-------I-----.J 

CAS 

AD-AS VIH-

WBfWE 
VIH-

~----tRSD---------------~--~ 

W1/101- VOH-~-----:1>-+-_____________ ~_-II--________ _ 
W4/104 VOL -~----'1 

SC 

IN VIHI VIL-

S101-
SI04 

Inhibit Rising Transient 

LOUTVOH-_____________________ ~ 

VOL- ~~~~~, __ 

Note: SE = VIL 

V7IIA : "H" OR "L" 
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Real Time Read Transfer Cycle 

AD-AS 

W1/101- VOH
W4/104 VOL -------1 

5C VIH
VIL-

IN VIH-____ --II-________ _ 
I VIL-

5101-
5104 

LOUT VOH
VOL-

V52C4256 

---------Previous Row Dala -------.... f--New Row Data 

Note: SE = VIL 

VZI jj : "H" OR "L" 
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Pseudo Write Transfer Cycle 

~---------tRC----------------------------------~ 

VIH------.I fooIf----- tRAS ----------------------~ 1r=~==:;J 
VIL _ tAR -----------+1 

1+--------------- tcSH -----+--------+1 

AD-A8 

W1/101- VOH
W4/104 VOL _;....._--..;,-+-+---------- OPEN --------t-:---------

SC Inhib" Rising Transient 

tESR tREH 

VIH_~~=t::!!~=::::!;b-r-T~r-r"""'''''''''T"'7-r-r-T-r-r-T..,...,r-r~ 
VIL-

IN ~:~=---+--------+---<l) 
~~~~~~~~~6:~~~~T 

, 
5101- : 
SI04 : 

LOUT VOH- VALID 1)--------- OPEN _-+-: _______ _ 
VOL-~~~~~-~~DA~T~~~O~U~T~: : 

. ~ ~seriallnput Data 
Senal Output Data 

VI/lJ : "H" OR "L" 
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Write Transfer Cycle 

~---------~c----------------------------------~ 

VIH-~------"""Il~------- tRAS ----------------------~ I?'----"""---=\I 

VIL _ IAR ----------~ 

AD-AS 

W1/101- VOH
W4/104 VOL-

8C 

IN 

14-------------- tcsH -----+------+j 

trLH 

~---Hr-~-----------------OPEN------------~----------------

Inhibit Rising Transient 

~ ~~~~~~~~~~~~~~~~~Jl: 

8101-
8104 : 
L OUT VOH-_____ ~-------- OPEN ---------fi,-----------

VOL- : 
Previous ~ ~ New Row Data 
Row Data : 

V7I/J : "H" OR "L" 
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Serial Read Cycle (SE = V,J 

VIH-:--------------------1 

VIL-

VIH_~~r7~~_r~r7_r~r7~~_r~r_---~~r7~~_r~r7_r~r7~~ 

VIL -"...L..£-'-L-I-.L...I.:....L...L...L-I.....L....£-'-L-I-.L...I.'-LJ 

SC 

5101- VOH-
5104 VOL-

Note: SE = VIL 

Serial Read Cycle (SE Controlled Outputs) 

5C VIL-

5E VIH-
VIL -_____ +--__ -' 

IN VIH-_____ I-___ +-__ --< 
I VIL-

5101-
5104 

LOUT VOH
VOL-

!SeA 
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~:"H .. OR .. L" 

V//IJ : "H" OR "L" 
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Serial Write Cycle (SE = V,J 

VIH-----------------,L 

VIL-

VIH T"'7_r_"T"""'J__r~._r_r_r_T_r_"T"""'J_r_"T""">__r...,....,r--.,;.--oI_r...,....,r_r_r_T"'7_r_"T"""'J_r~._r_r_r_ 

DT/OE 

8C VIL-

8101- VIH-
8104 VIL-

Serial Write Cycle (SE Controlled Inputs) 

- VIH-:----------------'1. 

RA8 VIL-

8C 

IN VIHI VIL-

8101-
8104 

trHS trHH 

VlIJJ : "H" OR "L" 

LOUT VOH-_______________ OPEN ____________ _ 

VOL-

ViM: "H" OR "L" 
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Pin Functions 

Address Inputs: AO-AB 
The 18 address bits required to decode 4 bits ofthe 

1,048,576 cell locations within the dynamic RAM 
memory array of the V52C4256 are multiplexed onto 
9 address input pins (Ao-AB)' Nine row address bits 
are latched on the falling edge of the row address 
strobe (RAS) and the following nine column address 
bits are latched on the falling edge of the column 
address strobe (CAS). 

Row Address Strobe: RAS 
A random access cycle or a data transfer cycle 

begins at the falling edge of RAS. RAS is the control 
input that latches the row address bits and the states 
of CAS, DT/OE, WBIWE and SE to invoke the 
various random access and data transfer operating 
modes shown in Table 2. RAS has minimum and 
maximum pulse widths and a minimum precharge 
requirement which must be maintained for proper 
device operation and data integri~e RAM port is 
placed in standby mode when the RAS control is held 
"high". 

Column Address Strobe: CAS 
CAS is the control input that latches the column 

address bits. CAS has minimum and maximum pulse 
widths and a minimum precharge requirement which 
must be maintained for proper device operation and 
data integrity. CAS also acts as an output enable for 
the output buffers on the RAM port. 

Data Transfer/Output Enable: DT/OE 
The DT/OE input is a multifunction pin. When 

DT/OE is "high" at the falling ed~ of RAS, RAM port 
operations are performed and DT/OE is used as an 
output enable control. When the DT /OE is "low" at the 
falling edge of RAS, a data transfer operation is 
started between the RAM port and the SAM port. 

Write Per BitlWrite Enable: WBIWE 
The WBIWE input is also a multifunction pin. When 

WBIWE is "high" at the falling edge of RAS, during 
RAM port operations, it is used to write data into the 
memory array in the same manner as a standard 
DRAM. When WBIWE is "low" at the falling edge of 
RAS, during RAM port operations, the write-per-bit 
function is enabled. The WB/WE input also 
determines the direction of data transfer between the 
RAM array and the serial register (SAM). 

V52C4256 

When WBIWE is "high" at the falling edge of RAS, 
the data is transferred from RAM to SAM (read 
transfer). When WBIWE is "low" at the falling edge of 
RAS, the data is transferred from SAM to RAM (write 
transfer). 

Write Mask Data/Data Input and Output: 
W1/I01-W4"I04 

When the write-per-bit function is enabled, the 
mask data on the W/IOj pins is latched into the write 
mask register (WM1 ) at the falling edge of RAS. Data 
is written into the DRAM on data lines where the 
write-mask data is a logic "1". Writing is inhibited on 
data lines where the write-mask data is a logic "0". 
The write-mask data is valid for only one cycle. Data 
is written into the RAM port during a write or read
mOdify-write cycle. The input data is latched at the 
falling edge of either CAS or WBIWE, whichever 
occurs late. During an early-write cycle, the outputs 
are in the high-impedance state. Data is read out of 
the RAM port during a read or read-modify-write 
cycle. The output data becomes valid on the WjllOj 
Q!!!s after the specified access times from RAS, CAS, 
DT/OE and column address are satisfied and will 
remain valid as long as CAS and DT/OE are kept 
"low". The outputs will return to the high-impedance 
state at the rising edge of either CAS or DT/OE, 
whichever occurs first. 
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Serial Clock: SC 
All operations of the SAM port are synchronized 

with the serial clock SC. Data is shifted in or out of the 
SAM registers at the rising edge of SC. In a serial 
read, the output data becomes valid on the SIO pins 
after the maximum specified serial access time tSCA 
from the rising edge of SC. The serial clock SC also 
increments the 9-bits serial pointer which is used to 
select the SAM address. The pOinter address is 
incremented in a wrap-around mode to select 
sequential locations after the starting location which 
is determined by the column address in the normal 
transfer cycle. When the pointer reaches the most 
significant address location (decimal 511), the next 
SC clock will place it at the least significant address 
location (decimal 0). The serial clock SC must be 
held at a constant V IH or V IL level during read/pseudo 
write/write transfer operations and should not be 
clocked while the SAM port is in the standby mode, 
to prevent the SAM pointer from being incremented. 
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Serial Enable: SE 
The SE input is used to enable serial access 

operation. In a serial read cycle, SE is used as an 
output control. In a serial write c.1Q!e, SE is used as 
a write enable control. When SE is "high", serial 
access is disabled, however, the serial address 
pOinter location is still incremented when SC is 
clocked even when SE is "high". 

Operation Mode 

The RAM port and data transfer operating of the 
V52C4256 are determined by the state of CAS, DT I 
OE, WBIWE and SE atthe falling edge of RAS. Table 
1 and Table 2 show the operation truth table and the 

Table 1. Operation Truth Table 

RAS Failing Edge l 

CAS DT/OE WB/WE SE Function 

V~2C4256 

SeriallnputlOutput: S101-S104 
Serial input and output share common 1/0 pins. 

Serial input or output mode is determined by the most 
recent read, write or pseudo write. transfer cycle. 
When a read transfer cycle is performed, the SAM 
port is in the output mode. When a write or pseudo 
write transfer cycle is performed, the SAM port is 
switched from output mode to input mode. During the 
subsequent write transfer cycle, the SAM remains in 
the input mode. 

functional truth table for a listing of all available RAM 
port and transfer operations, respectively. 

0 . CA8-before-RAS Refresh 

1 0 0 0 Write Transfer 

1 0 0 1 Pseudo Write Transfer 

1 0 1 · Read TranSfer 

1 1 0 · ReadlWrite per Bit 

1 1 1 · ReadlWrite 

Table 2. Functional Truth Table 

RASl Address WilD Write Mask 

Function CAS DT/OE WB/WE SE RASl CASl RASl CAS~ WMl 

WEl 

CAS-before-RAS Refresh 0 . . · . - · - -

Write Transfer 1 0 0 0 Row TAP · · -
Pseudo Write Transfer 1 0 0 1 Row TAP · · -

Read Transfer 1 0 1 · Row TAP · · -

Write per Bit 1 1 0 · Row Column WM1 DIN Load use 

ReadlWrite 1 1 1 · Row Column · DIN -

Note: • = ·0" or "1", TAP = SAM Start Address, - = not used. 
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RAM Port Operation 

Fast Page Mode Cycle 
Fast page mode allows data to be transferred into 

or out of multiple column locations of the same row 
by performing multiple CAS cycles during a single 
active RAS cycle. During a fast page cycle, the RAS 
signal may be maintained active for a period up to 
100 J1S. For the initial fast page mode access, the 
output data is valid after the specified access times 
from RAS, CAS, column address and DT/OE. For 
all subsequent fast page mode read operations, the 
output data is valid after the specified access times 
from CAS, column address and DT/OE. When the 
write-per-bit function is enabled, the mask data 
latched at the falling edge of RAS is maintained 
throughout the fast page mode write or read
modify-write cycle. 

RAS-Only Refresh 
The data in the DRAM requires periodic 

refreshing to prevent data loss. Refreshing is 
accomplished by performing a memory cycle at 
each of the 512 rows in the DRAM array within the 
specified Bms refresh period. Although any normal 
memory cycle will perform the refresh operation, 
this function is most easily accomplished with the 
"RA8-0nly" cycle. 

CAS-before-RAS Refresh 
The V52C4256 also offers an internal-refresh 

function. When CAS is held "low" for a specified 
period (tcSR) before RAS goes "low", an internal 
refresh address counter and on-chip refresh control 
clock generators are enabled and an internal 
refresh operation takes place. When the refresh 
operation is completed, the internal refresh address 
counter is automatically incremented in preparation 
for the next CAS-before-RAS cycle. For successive 
CAS-before-RAS refresh cycles, CAS can remain 
"low" while cycling RAS. 

V52C4256 

Hidden Refresh 
A hidden refresh is a CAS-before-RAS refresh 

performed by holding CAS "low" from a previous 
read cycle. This allows for the output data from the 
previous memory cycle to remain valid while 
performing a refresh. The internal refresh address 
counter provides the address and the refresh is 
accomplished by cycling RAS after the specified 
RAS-precharge period (refer to Figure 1). 

Write-Per-Bit Function 
The write-per-bit function selectively controls the 

internal write-enable circuits of the RAM port. When 
WBIWE is held "low" at the falling edge of RAS, 
during a random access operation, the write-mask 
is enabled. At the same time, the mask data on the 
W/IOj pins is latched into the write-mask register 
(WM1). When a "0" is sensed on any of the W/lOi 
pins, their corresponding write circuits are disabled 
and new data will not be written. When an "1" is 
sensed on any of the Wi/IOi pins, their 
corresponding write circuits will remain enabled so 
that new data is written. The truth table of the write
per-bit function is shown in Table 3. 

At the falling edge of RAS 

CAS DT/OE WBIWE WillOi Function 
(I = 1-4) 

H H H . Write Enable 

1 Write Enable 
H H L 

0 Write Mask 

Table 3. Truth Table for Write-Per-Bit Function 

RAS ~ Memory Cycle f1\ Refresh Cycle f1\ Refresh Cycle --r-
CAS \~--------------~/ 

W1/101- ----~('__ _______ v_a_l_id_D_a_ta_O_u_t;...pu_t ______ __J)>---W4/104 _ . 

Figure 1. Hidden Refresh Cycle 
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An example of the write-per-bit function illustrating 
its application to displays is shown in Figures 2 and 3. 

, , 

CAS!H " ,-: :'--_--J 

Ao-As ~ COIu[n" ~6."""''''''''''''''' , , , 
OnOE --+'lH~--~-----

, 

WBf'ItIE % ;L~ Vffi0WA 

Wt/iOt %Misk~;$7ffA00Wa , , , , 
I, I 

W2II02 @w~te~'t'writeWMff& 
, ' 

Wa/I03 %Miskt///W.//o//////M , . , 

WJI04 @w~WA'O'WriteJ0%01/ffi l lWrite 
W{IOj = L : Write Mask 
W{IOj = H : Write 

Figure 2. Write-per~bit timing cycle 

SAM Port Operation 
The V52C4256 is prOvided with a 512 words by 4 

bits serial access memory (SAM). 
High speed serial read or write operations can be 

performed through the SAM port independent of the 
RAM port operations, except during readlwritel 
pseudo-write transfer cycles. The preceding 
transfer operation determines the direction of data 
flow through the SAM port. If the preceding transfer 
operation is a read transfer, the SAM port is in the 
output mode. If the preceding transfer operation is a 
write or pseudo write transfer, the SAM port is in the 
input mode. The pseudo. write transfer operation 
only switches. the SAM port from output mode to 

V52C4256 

CRT Display 

Jlt 

JI\. 

~ ~~ -
~ p,;.~ -

i~ ~-~r-~'-

It 

~:'o"Write 
No Write (Ma skeel) 

( asked) 
~"1"Write 

NoWrite M 

Figure 3. Corresponding bit-map 

input mode; data is not transferred from SAM to 
RAM. 

Serial data can be read out of the SAM port after 
a read transfer (RAM ~ SAM) has been performed. 
The data is shifted out of the SAM port starting at 
any of the 512 bits 10cations .. The TAP location 
corresponds to the column address selected at the 
falling edge of CAS during the read transfer cycle. 
The SAM registers are configured as circular data 
registers. The data is shifted out sequentially 
starting from the selected tap location to the most 
significant bit, and then wraps around to the least 
significant bit, as illustrated below. 

Start address,: Tap location r 0 I' 1'1---- I g: 1, ____ ' ____________ 1509 1510 1511 ~ 
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Subsequent real-time read transfer may be 
performed on-the-fly as many times as desired, 
within the refresh constraints of the DRAM array. 
Simultaneous serial read operation can be 
performed with some timing restrictions. A pseudo 
write transfer cycle is performed to change the SAM 
port from output mode to input mode, in order to 
write data into the serial registers through the SAM 

SAM Port Operation DT/OE atthe 
falling edge of RAS SC 

Serial Output Mode H JL 

Serial Input Mode H JL 

V52C4256 

port. A write transfer cycle must be used 
subsequently to load the SAM data into the RAM 
row selected by the row address at the falling edge 
of RAS. The starting location in the SAM registers 
for the next serial write is selected by the column 
address at the falling edge of CAS. The truth table 
for single register mode SAM operation is shown in 
Table 4. 

SE Function Preceded by a 

L Enable Serial Read 
Read Transfer 

H Disable Serial Read 

L Enable Serial Write 
Write Transfer 

H Disable Serial Write 

JL 
L Enable Serial Write 

Serial Input Mode H Pseudo Write Transfer 
H Disable Serial Write 

Table 4. Truth Table for SAM Port Operation 

Refresh 
The SAM data registers are static flip-flop, 

therefore a refresh is not required. 

Data Transfer Operation 
The V52C4256 features the internal bidirectional 

data transfer capability between RAM and the SAM, 
as shown in Figure 4. During a normal transfer, 512 
wors by 4 bits of data can be loaded from RAM to 
SAM (Read Transfer) or from SAM to RAM (Write 
Transfer). 

512 columns 
J. 

512 512x512x4 
rows Memory Cell Array 

512x4 K=> 
Figure 4. Data Transfer 
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As shown in Table 5, the V52C4256 supports 
three types of transfer operations: read transfer, 
write transfer, and pseudo write transfer. Data 
transfer operations between RAM and SAM are 
invoked by holdi!!9....!!le DT/OE signal "low" at the 
falling edge of RAS. The type of data transfer 
~ration is determined by the state of CAS, WBI 
WE and SE which are latched at the falling edge of 
RAS. During data transfer operations, the SAM port 
is switched from input to output mode (Read 
Transfer) or output to input mode (Write Transferl 
Pseudo Write Transfer). During a data transfer 
cycle, the row address Ao-As selects one of the 512 
rows of the memory array to or from which data will 
be transferred, and the column address ArrAs 
selects one of the tap locations in the serial register. 
The selected tap location is the start position in the 
SAM port from which the first serial data will be read 
out during the subsequent serial read cycle or the 
start position in the SAM port into which the first 
serial data will be written during the subsequent 
serial write cycle. 

• 
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At the failing edge of RAS 

CAS DT/OE WBIWE SE Transfer Mode Transfer Direction Transfer Bit SAM Port Mode 

H L H . Read Transfer RAM--+SAM 512x4 Input --+ Output 

H L L L Write Transfer SAM--+ RAM 512x4 Output --+ Input 

H L L H Pseudo Write Transfer - - Output --+Input 

Note: • ="1-1" or "L" 

Table 5. Transfer Modes 

Read Transfer Cycle 
A read transfer cycle consists of loading a 

selected row of data from the RAM array into the 
SAM register. A read transfer is invoked by holding 
CAS "high", OT/OE "low" and WBIWE "high" at the 
falling edge of RAS. The row address selected at 
the falling edge of RAS determines the RAM row to 
be transferred into the SAM. The transfer cycle is 
completed at the rising edge of OTt OE. When the 
transfer is completed, the SAM port is set into the 
output mode. In a read/real time read transfer cycle, 
the transfer of a ne~ow of data is completed at the 
rising edge of OT/OE and this data becomes valid 

on the SIO lines after the specified access time 
(tscN from the rising edge of the subsequent serial 
clock (SC) cycle. The start address of the serial 
pOinter of the SAM is determined by the column 
address selected at the falling edge of CAS. 

Figure 5 shows the operation block diagram for 
the read transfer operation. 

In a read transfer cycle (which is preceded by a 
write transfer cycle), the SC clock must be held at a 
constant VIL or VIH, after the SC high time has been 
satisfied. A rising edge of the SC clock must not 
occur until after the specified delay (tTso) from the 
rising edge of OT/OE, as shown in Figure 6. 

SAM Sta~e:~;""'F-'-· ------0 SIOl -4 

c:=> 

512 x 512 x 4 bits 
Memory Cell Array 

Serial Read 

Figure 5. Block Diagram for Read Transfer Operation 
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~~ ________________________ --JI 

o 

iH \~------------------~I , 
Ao-As ~m~----SA-M-S-tart----")0W/W"ffiW/40Wffi , , 

WBIWE ~$/I !H '0000W~~/ffffi 
, , 

DT/OE~A ;L I 
, , 

( 
sc ~ i \ Inhibit Rising Transition 

SIO 

, , 

Figure 6. Read Transfer Timing 

In a real time read transfer cycle (which is 
preceded by another read transfer cycle), the 
~vious row data appears on the SIO lines until the 
DT/OE signal goes "high" and the serial access time 
(tSCA) for the following serial clock is satisfied. This 
feature allows for the first bit of the new row of data 
to appear on the serial output as soon as the last bit 
of the previous row has been strobed without any 
timing loss. To make this continuous data flow 
possible, the risiilll....!!d~of DT/OE must be 
synchronized with RAS, CAS and the subsequent 
riSing edge of SC (tRTH, tcTH, and tTsdtTSD must be 
satisfied), as shown in Figure 7. 

The timing restrictions tTSL/tTSD are 5ns min/15ns 
min. 

Write Transfer Cycle 
A write transfer cycle consists of loading the 

contents of the SAM register into a selected row of 
the RAM array. If the SAM data to be transferred 
must first be loaded through the SAM port, a 
pseudo write transfer operation must precede the 
write transfer cycles. However, if the SAM port data 
to be transferred into the RAM was previously 
loaded into the SAM via a read transfer, the SAM to 
RAM transfer can be executed simply by 
performing a write transfer direct/LA write transfer 
is invoked by holding CAS "high", DT/OE "low", WBI 
WE "'ow", and SE "low" at the falling edge of RAS. 
Figures 8 and 9 show the timing diagram and block 
diagram for write transfer operations, respectively. 

r----~===:J IRTH -----+I 

DT/OE ~~y~----__ Jf~~~~~~~ 
SC 

, 
Previous Row Data ~ New Row Data 

Figure 7. Real Time Read Transfer 
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, , 
RAS --../r--"",,~ 1,-------..'\----
CAS J jH' ~ 
ArAa·W//l///~ SAMStarI >0"'%""~"'%""~"'0""~"';'F"'~"'~""~"'%""~""'%""~"'%""~"'~""~"'%""~"'%'r.% 

WBIWE #///$4 1L ~~/////I/I////////ffi 

Dr/OE'V#///W4 jL ~~~$/0WffiWW4 
W1/101-WJI04 , , , , 

SE W/M//4 lL M//////hW///W/$///4 i~ 
r--\. J \. \. h, ~ SC -.J '---J . Inhibit Rising Transition _ I'. '---J '--

8101-5104 Data In Data In Data In Data In 

Figure 8. Write Transfer Timing 

SAM 8tart~Addres/~. 00FNFq >-----0 S101-4 
'-----=' 

l7n777m'7n7777777n777777m_ Selected 
Row 

Figure 9. Block Diagram for Write Transfer Operation 

The row address selected at the falling edge of 
RAS determines the RAM row address into which 
the data will be· transferred. The column address 
selected at the falling edge of CAS determies the 
start address of the serial pointer of the SAM. After 
the write transfer is completed, the SIO lines are set 
in the input mode so that serial data . .synchronized 
with the SC clock can be loaded. 

When consecutive write transfer operations are 
performed, new data must not be written into the 
serial register until the RAS cycle of the preceding 
write transfer is completed. Consequently, the SC 
clock must be held at a constant V1L or V1H during 
the RAS cycle. A rising edge of the SC clock is only 
allowed after the specified delay (tSRO) from the 
rising edge of RAS, at which time a new row of data 
can be written in the serial register. 
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Pseudo Write Transfer Cycle 
A pseudo write transfer cycle must be performed 

before loading data into the serial register after a 
read transfer operation has been executed. The 
only purpose of a pseudo write transfer is to change 
the SAM port mode from output mode to input mode 
(a data transfer from SAM to RAM does not occur). 
After the serial register is loaded with new data, a 
write transfer cycle must be performed to transfer 
the data from SAM to RAM. A pseudo write transfer 
is invoked by holding CAS "high", OTIOE "low", WBI 
WE "low" and SE "high" at the falling edge of RAS. 
The timing conditions are the same as the one for 
the write transfer cycle except for the state of SE at 
the falling edge of RAS. 

VDD ~ 

V52C4256 

Register Operation Sequence - Example 
Figure 10 illustrates an example of register 

operation sequence after device power-up and 
initialization. After power-up, a minimum of 8 RAS 
and 8 SC clock cycles must be performed to 
properly intialize the device. A read transfer is then 
performed and the column address latched at the 
falling edge of CAS sets the SAM tap pOinter 
location, which up to that point was in an undefined 
location. Subsequently, the pointer address is 
incremented by cycling the serial clock SC from the 
starting location to the last location in the register 
(address 511), and wraps around to the least 
significant address location. The SAM address is 
incremented as long as SC is clocked. 

Pause Dummy Read Pseudo Write 
(200jJs) Cycle Transfer Transfer ____________ ,--0'--.. ,--0'--.. 

AO-AS· --- I: : :\ 
I I I '\ 

RAS ~I-_;"";""..J 1 r-'I"""\--

sc 

t 511 

SAM 
Pointer 

o 
ReseVSet SAM 

, 
, 
~ 

LU 

-If 

, 
, 
~ 

w 

Reset/Set SAM 
~inter 

u , 

Serial 
Input 

l~====~:i=nt:er======~ _________ ~~ ________ ~~==~ __ 
Pointer Location 

Undefined 

Figure 10. Example of SAM Register Operation Sequence 
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The next operation is a pseudo write transfer 
which switches the SAM port from output mode to 
input mode in preparation for write transfers. The 
column address latched at the falling edge of CAS 
during the pseudo write transfer sets the serial 
register tap location. Serial data will be written into 
the SAM starting from this location. 

V52C4256 

Transfer Operation Without CAS 
During all transfer cycles, the CAS input clock 

must be cycled, so that the column addresses are 
latched at the falling edge of CAS, to set the SAM 
tap location. If CAS was maintained at a constant 
"high" level during a transfer cycle, the SAM pointer 
location would be undefined. Therefore, a transfer 
cycle with CAS held "high" is not allowed (refer to 
the illustration below). 

RAS '~ _________________ ~} 

CAS , ..... ______ .Jr- ~;., 
Cycle 

Address W0'~,--....:SAM=S;::::ta::..rt _..J~A 

R~ '~ ____ ~ ___________ r---}~ 

CAS AIk7Ned 

Address 000WA<. Row ~4WM~ffiW'4 

Read Transfer Cycle After Read Transfer Cycle 
Another read transfer may be performed 

following the read transfer provided that a minimum 
delay of 30 ns from the rising edge of the first clock 
SC is satisfied (refer to the illustration shown 
below). 

' .... ___ .J/ 

CAS 

DT/OE ~'--___ ...J/ 

SC ________ ...;....._----!, , 

Transfer Operation :3008: 
M 

' ..... _--_...1/ 

•• .:.:Ne:::;xt::..;T",ra::,::ns::.:fer=-.o';: ..... ____ Next Transfer Operation is allowed. 
NotAnowed : , 
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Power-Up 
Power must be applied to the RAS and DTIOE 

input signals to pull them "high" before or at the 
same time as the VDD supply is turned on. After 
power-up, a pause of 20~econds minimum is 
required with RAS and DT/OE held "high". After the 
pause, a minimum of 8 RAS and 8 SC dummy 
cycles must be performed to stabilize the intemal 
circuitry, before valid read, write or transfer 
operations can begin. During the initialization 
period, the DT/OE signal must be held "high". If the 
internal refresh counter is used, a minimum 8 CAS
before-RAS initialization cycles are required 
instead of 8 RAS cycles. 

SAM port 

WMI Register 

TAP pointer 
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Initial State After Power-Up 
When ~er is achieved with RAS, CAS, DT/OE 

and WBIWE held "high", the internal state of the 
V52C4256 is automatically set as follows. 

However, the initial state can not be guaranteed 
for various power-up conditions and input signal 
levels. Therefore, it is recommended that the initial 
state be set after the initialization of the device is 
performed (200 IJ.S pause followed by a minimum of 
8 RAS cycles and 8 SC cycles) and before valid 
operations begin. 

State after power-up 

Input Mode 

Write Enable 

Invalid • 



MOSEL-VITELIC V52C4258 PRELIMINARY 
MULTIPORT VIDEO RAM WITH 
256K X 4 DRAM AND 512 X 4 SAM 

HIGH PERFORMANCE V52C4258 60 70 80 10 

Max. RAS Access Time, (~c> 60 ns 70 ns 80ns 100 ns 

Max. CAS Access Time, (1eAC> 15 ns 20 ns 25ns 25 ns 

Max. Column Address Access Time,· (tAAl 30ns 35 ns 40ns 50 ns 

Min. Fast Page Mode Cycle Time, (tpcl 40ns 45 ns 50 ns 55ns 

Min. ReadlWrite Cycle Time, (~c> 120 ns 140 ns 150 ns 180 ns 

Max. Serial Access Time, (tscAl 25 ns 25 ns 25 ns 25 ns 

Min. Serial Port Cycle Time, (tsccl 30 ns 30 ns 30 ns 30 ns 

Features Description 
• Organization 

• RAM Port: 262,144 words x 4 bits 
• SAM Port: 512 words x 4 bits 

• RAM Port 
• Fast Page Mode, Read-Modify-Write, 

The V52C4258 VRAM is equipped with a 
262,144-words by 4-bits dynamic random access 
memory (RAM) port and a 512-words by 4-bits 
static serial access memory (SAM) port. The 
V52C4258 supports three types of operations: 
random access to and from the RAM port, high 
speed serial access to and from the SAM port, and 
bidirectional transfer of data between any selected 
row in the RAM port and the SAM port. The RAM 
port and the SAM port can be accessed 
independently except when data is being 
transferred between them internally. 

Write-Per-Bit 
• Block Write/Flash Write 
• Color Register Load/Read 
• 512 Refresh Cycles/8 ms 
• CAS-before-RAS Refresh, Hidden Refresh, 

RAS-only Refresh 

• SAM Port 
• High Speed Serial ReadIWrite Capability 
• 512 Tap Locations 
• Fully Static Register 

• RAM-SAM Bidirectional Transfer 
• ReadlWrite/Pseudo Write Transfer 
• Real Time Read Transfer 
• Split ReadIWrite Transfer 

• Low Power Dissipation 
• RAM Port Operating Alone - 85 rnA 
• SAM Port Operating Alone - 50 rnA 

• Low CMOS Standby Current - 7 rnA 
• Package 

• 28 pin 400 mil SOJ 
• 28 pin 400 mil ZIP 

Device Usage Chart 

Operating Package Outline 
Temperature 

1 
Range K Z 

0°G-70°C . I . 
V52C4258 Rev.02 January 1993 

In addition to the conventional multiport video 
RAM operating modes, the V52C4258 features the 
block write and flash write functions on the RAM 
port and a split register data transfer capability on 
the SAM port. 

Access Time (ns) Power 
Temperature 

60 1 70 1 80 1 100 Std Mark 

• I • I • I • . Blank 
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Description Pkg. Pin Count 

SOJ K 28 
ZIP Z 28 

28 Lead Pin Configuration 

SC VSS 
SI01 SI04 
SI02 SI03 

DT/OE SE 
WlII01 W4II04 
W2I102 W3/103 
WBIWE DSF 

NC CAS 
RAS aSF 

A8 AO 
A6 A1 
A5 A2 
A4 A3 

VDD --.....;...;... __ ;.;;..r A7 

DSF 
W4II04 

SI03 
VSS 

SI01 
DTIOE 

W2II02 
NC 
A8 
A5 

VDD 
A3 
A1 

aSF 

Capacitance"' 

K-SOJ 

1 2 
3 4 
5 6 
7 8 
9 10 
11 12 
13 14 
15 16 
17 18 
19 20 
21 22 
23 24 
25 26 
27 28 

Z-ZIP 

W3I103 
SE 
5104 
SC 
5102 
W1/101 
WBIWE 
RAS 
A6 
A4 
A7 
A2 
AO 
CAS 

TA = 25°C, VDD = 5 V ±10%, Vss = D V, f = 1MHz 

Symbol Parameter Min. Max. 

CIN Input Capacitance 7 

CIN/OUT Input/Output 9 
Capacitance 

COUT Output Capacitance (QSF) 9 

'Note: Capacitance is sampled and not 1 00% tested. 

V52C4258 

V52C4258 

Unit 

pF 

pF 

pF 

V - -c..::r--:r T v T V 
FAMILY 
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DEVICE PKG. SPEED PWR. TEMP. 

J (IRAcl L L BLANK (O"C to lO"C) § BLANK (STANDARD) 

K (SOJ) 60 (60 ns) 
70 (70 ns) 

Z (ZIP) 80 (80 ns) 
10 (100 ns) 

Pin Names 

Name Description 

AD-AS Address Inputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

DT/OE Data Transfer/Output Enable 

WBl'NE Write per Bit/Write Enable 

DSF Special Function Control 

W1/101-W4/104 Write Mask/Data In, Out 

SC Serial Clock 

SE Serial Enable 

SI01-8104 SeriallnpuVOutput 

aSF Special Flag Output 

VDDNSS Power (5V)/Ground 

NC No Connection 

Absolute Maximum Ratings" 

Ambient Temperature 
Under Bias ................................. -10·C to +80·C 

Storage Temperature (plastic) .•.• -55·C to + 125·C 
Voltage Relative to Vss ............................ -1.0 to +7.0 V 
Short Circuit Out Current ...•.•..•..••••••••.•••..•... 50 mA 
Power Dissipation ............................................ 1 W 

'Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 
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Functional Diagram 

W1/101-W4II04 SI01-SI04 

UJ ::; 
!;( CJi 

a: (!l Ii; 
UJ a: a: a. 

UJ a. 0 u: .... => 0 512.512.4 
hl ::; 

"-
0 ::; 512 CELL 
z <{ 

::; UJ ARRAY 
=> <Il 
...J Z 

UJ ::; UJ 8 <Il !;( CJi 
(!l 

~ a: .... oS QSF 

1 1 

AO-AS 
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DC and Operating Characteristics 
(VDD = 5V + 10%, TA = Q-70°C) -

SAM -60 -70 -80 -10 

Symbol Parameter (RAM Port) Port Min. Max. Min. Max. Min. Max. Min. Max. Unit Note 

1001 Operating Current Standby 95 85 75 65 rnA 1,2 

RAS, CAS Cycling, tRC = tRC Min. 

IDOlA Active 130 120 110 100 rnA 1,2 

10D2 Standby Current Standby 7 7 7 7 rnA 

RAS, CAS = V1H 

1002A Active 55 50 45 40 rnA 1,2 

1003 RAS-Only Refresh Current Standby 95 85 75 65 rnA 1,2 

RAS Cycling, CAS = V1H, 

1003A ~c=tRcMin. Active 130 120 110 100 rnA 1,2 

10D4 Page Mode Current Standby 75 70 65 60 rnA 1,2 

RAS = V1l, CAS Cycling, 

10D4A tpc = tpc Min. Active 130 120 110 100 rnA 1,2 

'005 CAS-before-RAS Refresh Current Standby 95 85 75 65 rnA 1,2 

RAS Cycling, CAS before RAS, 

~c=tRcMin. 

1005A Active 130 120 110 100 rnA 1,2 

10DS Data Transfer Current Standby 95 85 75 65 rnA 1,2 

RAS, CAS Cycling, tRc = tRc Min. 

1006A Active 130 120 110 100 rnA 1,2 

'007 Flash Wr~e Current Standby 95 85 75 65 rnA 1,2 

RAS, CAS Cycling, tRc = tRc Min. 

1007A Active 130 120 110 100 rnA 1,2 

1008 Block Write Current Standby 95 85 75 65 rnA 1,2 

RAS, CAS Cycling, tRc = tRc Min. 

IOD8A Active 130 120 110 100 rnA 1,2 

II(l) Input Leakage Current -10 10 -10 10 -10 10 -10 10 ~ 
OV " V1N " 5.5V, all other pins not under test = OV 

IO(l) Output Leakage Current -10 10 -10 10 -10 10 -10 10 "A 
OV" VOUT " 5.5V, Output Disable 

VOH Output "H" Level Voltage 2.4 2.4 2.4 2.4 V 

lOUT =-2 rnA 

Val Output "L" Level Voltage 0.4 0.4 0.4 0.4 V 

lOUT = 2 rnA 

V1H Input High Voltage 2.4 Voo+1 2.4 Voo+1 2.4 Voo+1 2.4 Voo+1 V 

V1l Input Low Voltage -1.0 0.8 -1.0 0.8 -1.0 0.8 -1.0 0.8 V 

3-65 



MOSEL-VITELIC V52C4258 

AC Electrical Characteristics Notes: 3, 4, 5 

-60 -70 -60 -10 

Symbol Parameter Min. Max. Min. Max. Min. Max. Min. Max. Unit Notes 

~c Random Read or Write Cycle Time 120 140 150 180 ns 

~MW Read-Modify-Write Cycle Time 175 195 195 235 ns 

Ipc Fasl Page Mode Cycle Time 40 45 50 55 ns 

IpRMW Fasl Page Mode Read-Modify-Write Cycle Time 85 90 90 100 ns 

lRAC Access Time from RAS 60 70 80 100 ns 6,12 

1M Access Time from Column Address 30 35 40 50 ns 6,12 

'cAc Access Time from CAS 15 20 25 25 ns 6,13 

IePA Access Time from CAS Precharge 35 40 45 50 ns 6,13 

IoFF Output Buffer Turn-Off Delay 0 15 0 20 0 20 0 20 ns 8 

IT Transition Time (Rise and Fall) 3 35 3 35 3 35 3 35 ns 5 

~P RAS Precharge Time 50 60 60 70 ns 

m RAS Pulse Width 60 10K 70 10K 80 10K 100 10K ns 

~ASP RAS Pulse Width (Fast Page Mode only) 60 100K 70 100K 80 100K 100 100K ns 

~SH RAS Hold Time 15 20 25 25 ns 

IcsH CAS Hold Time 60 70 80 100 ns 

leAS CAS Pulse Width 15 10K 20 10K 25 10K 25 10K ns 

Im:o RAS 10 CAS Delay Time 20 45 20 50 20 55 20 75 ns 12 

lRAO RAS to Column Address Delay Time 15 30 15 35 15 40 20 50 ns 12 

~ Column Address to RAS Lead Time 30 35 40 55 ns 

IeRP CAS 10 RAS Precharge Time 10 10 10 10 ns 

IePN CAS Precharge Time 10 10 10 10 ns 

lep CAS Precharge Time (Fasl Page Mode) 10 10 10 10 ns 

IASR Row Address Setup Time 0 0 0 0 ns 

IRAH Row Address Hold Time 10 10 10 10 ns 

tASe Column Address Setup Time 0 0 0 0 ns 

leAH Column Address Hold Time 10 15 15 15 ns 

tAR Column Address Hold Time referenced to RAS 50 55 55 70 ns 

~cs Read Command Setup Time 0 0 0 0 ns 

~CH Read Command Hold Time 0 0 0 0 ns 9 

~RH Read Command Hold Time referenced to RAS 0 0 0 0 ns 9 

IwCH Write Command Hold Time 10 15 15 15 ns 

IwCR Write Command Hold Time referenced to RAS 50 55 55 70 ns 
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AC Electrical Characteristics (Cont'd) 

-60 -70 -80 -10 

Symbol Parameter Min. Max. Min. Max. Min. Max. Min. Max. Unit Notes 

twp Write Command Pulse Width 10 15 15 15 ns 

tRWL Write Command to RAS Lead Time 15 20 20 25 ns 

IewL Write Command to CAS Lead Time 15 20 20 25 ns 

tos Data Setup Time 0 0 0 0 ns 10 

tOH Data Hold Time 15 15 15 15 ns 10 

tOHR Data Hold Time referenced to RAS 50 55 55 70 ns 

twes WrHe Command Setup Time 0 0 0 0 ns 11 

~o RAS to WE Delay Time 90 100 100 130 ns 11 

tAWO Column Address to WE Delay Time 60 65 65 80 ns 11 

lewD CAS to WE Delay Time 40 45 45 55 ns 11 

Ioze Data to CAS Delay Time 0 0 0 0 ns • Ioza Data to OE Delay Time 0 0 0 0 ns 

toEA Access Time from OE 15 20 20 25 ns 6 

toEZ Output Buffer Turn-Off Delay from OE 0 10 0 10 0 10 0 20 ns 8 

toED OE to Data Delay Time 10 10 10 20 ns 

toEH OE Command Hold Time 10 10 10 20 ns 

IruJH RAS Hold Time referenced to OE 10 15 15 15 ns 

IeSR CAS Setup Time for CAS-before-RAS Cycle 10 10 10 10 ns 

IeHR CAS Hold Time for CA5-before-RAS Cycle 10 10 10 10 ns 

tRPC RAS Precharge to CAS Active Time 0 0 0 0 ns 

tREF Refresh Period 8 8 8 8 ms 

tWSR WB Setup Time 0 0 0 0 ns 

tRWH WBHoldTime 15 15 15 15 ns 

tFSR DSF Setup Time referenced to RAS 0 0 0 0 ns 

tRFH DSF Hold Time referenced to RAS (1) 15 15 15 15 ns 

tFHR DSF Hold Time referenced to RAS (2) 50 55 55 70 ns 

tFse DSF Setup Time referenced to CAS 0 0 0 0 ns 

IeFH DSF Hold Time referenced to CAS 15 15 15 15 ns 

~ Write-Per-Bit Mask Data Setup Time 0 0 0 0 ns 

~H Write-Per-Bit Mask Data Hold Time 15 15 15 15 ns 

tTHS DT High Setup Time 0 0 0 0 ns 

tTHH DT High Hold Time 15 15 15 15 ns 

tTLs DT Low Setup Time 0 0 0 0 ns 
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AC Electrical Characteristics (Conrd) 

-60 -70 -80 -10 

Symbol Parameter Min. Max. Min. Max. Min. Max. Min. Max. Unit Notes 

tTLH DT Low Hold Time 15 10K 15 10K 15 10K 15 10K ns 

tATH DT Low Hold Time referenced to RAS 55 10K 60 10K 65 10K 80 10K ns 
(Real Time Read Transfer) 

tATH DT Low Hold Time referenced to Column 20 25 30 30 ns 
Address (Reel Time Read Transfer) 

IcTH DT Low Hold Time referenced to CAS 15 20 25 25 ns 
(Reel Time Read Transfer) 

IeSR SE Setup Time referenced to RAS 0 0 0 0 ns 

tREH SE Hold Time referenced to RAS 15 15 15 15 ns 

tTRP DT to RAS Precharge Time 50 60 60 70 ns 

tTP DT Precharge Time 20 20 20 30 ns 

~so RAS to First SC Delay Time (Reed Transfer) 65 70 80 100 ns 

tASo Column Address to First SC Delay Time 40 45 45 50 ns 
(Read Transfer) 

Icso CAS to First SC Delay Time (Read Transfer) 20 20 25 25 ns 

tTSL Last SC to DT Lead Time 5 5 5 5 ns 
(Reel Time Read Transfer) 

tTSO DT to First SC Delay Time (Read Transfer) 15 15 15 15 ns 

tsRS Last SC to RAS Setup Time (Serial Input) 20 25 25 30 ns 

!sAD RAS to First SC Delay Time (Serial Input) 20 20 20 25 ns 

tsoo RAS to Serial Input Delay Time 40 40 40 50 ns 

tSDZ Serial Output Buffer Tum-Off Delay from RAS 10 40 10 40 10 40 10 50 ns 8 
(Pseudo Write Transfer) 

Iscc SC Cycle Time 30 30 30 30 ns 

Isc SC Pulse Width (SC High Time) 10 10 10 10 ns 

tscP SC Precharge Time (SC Low Time) 10 10 10 10 ns 

tSCA Access Time from SC 25 25 25 25 ns 7 

Isott Serial Output Hold Time from SC 5 5 5 5 ns 

tsos Serial Input Setup Time 0 0 0 0 ns 

tsOH Serial Input Hold Time 15 15 15 15 ns 

tSEA Access Time from SE 25 25 25 25 ns 7 

tsE SE Pulse Width 25 25 25 25 ns 

tsEP SE Precharge Time 25 25 25 25 ns 

tsEZ Serial Output Buffer Tum-Off Delay from SE 0 20 0 20 0 20 0 20 ns 8 

tszE Serial Input to SE Delay Time 0 0 0 0 ns 
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AC Electrical Characteristics (Confd) 

-60 -70 -80 -10 

Symbol Parameter Min. Max. Min. Max. Min. Max. Min. Max. Unit Notes 

Iszs Serial Input to First SC Delay Time 0 0 0 0 ns 

tsws Serial Wrne Enable Setup Time 5 5 5 5 ns 

IsWH Serial Write Enable Hold Time 15 15 15 15 ns 

IsWIS Serial Wrne Disable Setup Time 5 5 5 5 os 

IsWIH Serial Wrne Disable Hold Time 15 15 15 15 os 

IsTS Split Transfer Setup Time 25 25 30 30 ns 

IsTH Split Transfer Hold Time 25 25 30 30 os 

!sao SC-QSF Delay Time 25 25 25 25 os 

!TOO DT-OSF Delay Time 25 25 25 25 os 

Icao CAS-QSF Delay Time 35 35 35 35 os 

tRO~ RAS-QSF Delay Time 75 75 75 85 os 
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Notes 
1. These parameters depend on cycle rate. 

2. These parameters depend on output loading. Specified values are obtained with the output open. 

3. An initial pause of 200IJ.S is required after power-up, followed by any 8 RAS cycles (DT/OE "high'~ and 

any 8 SC cycles before proper device operation is achieved. In case of using intemal refresh counter, a 

minimum of 8 CAS-before-RAS initialization cycles instead of 8 RAS cycles are required. 

4. AC measurements assume tT = 5 ns. 

5. V1H (min.) and V1l (max.) are reference levels for measuring timing of input signals. Also, transition times 

are measured between V1H and Vil' 

6. RAM port outputs are measured with a load equivalent to 1 TTL load and 100 pF. DOUT reference levels: 

VoHNol = 2.0V/0.8V. 

7. SAM port outputs are measured with a load equivalent to 1 TTL load and 30 pF. DOUT reference levels: 

VO~Ol = 2.0V/0.8V. 

8. toFF (max.), toEZ (max.), tSDZ (max.) and tSEZ (max.) define the time at which the outputs achieve the 

open circuit condition and are not referenced to output voltage levels. 

9. Either tRCH or tRRH must be satisfied for a read cycle. 

10. These parameters are referenced to CAS leading edge of early write cycles and to WBIWE leading edge 

in OE-controlled write cycles and read-modify-write cycles. 

11. twcs, tRWD, tCWD and tAWD are not restrictive operating parameters. They are included in the data sheet 

as electrical characteristics only. If twcs ~ twcs (min.), the cycle is an early write cycle and the data out 

pin will remain open circuit (high impedance) throughout the entire cycle. If tRWD ~ tRWD (min.), tcwD ~ 

tCWD (min.) and tAWD ~ tAWD (min.), the cycle is a read-modify-write cycle and the data out will contain 

data read from the selected cell. If neither of the above sets of conditions is satisfied, the condition of the 

data out (at access time) is indeterminate. 

12. Operation within the tRCD (max.) limit ensures that tRAC (max.) can be met. tRCD (max.) is specified as a 

reference point only; if tRCD is greater than the specified tRCD (max.) limit, then access time is controlled 

bytcAC' 

13. Operation within the tRAD (max.) limit ensures that tRAC (max.) can be met. tRAD (max.) is specified as a 

reference point only; if tRAD is greater than the specified tRAD (max.) limit, then access time is controlled 

bytAA' 
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TIMING WAVEFORMS 

Read Cycle 
~------------------tRC------------------~ 

~----------tRAS-------------'~1 

RAS 
VIH-----L foIf----- tAR ------------I~ 

VIL-
1+------ tcsH----+-.1 

AD-AS 

WBIWE • 
DSF 

IN VIH
I VIL -:.t....l....t......"-L....L...L.~4"" 

W1/I01-
W4/104 

LOUT VOH-_______ _ 
VOL 

VALID DATA-OUT 

VII11 : "H" OR "L" 
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Write Cycle (Early Write) 

RAS VIH-

VIL-

CAS VIH-

AD-A8 

WBfWE 

DT/OE 

DSF 

IN VIHI VIL

W1/101-
W4/104 

tRC 

tRAS 

IAR 

tcSH 

tRCD 

1.-----tDHR------l~~1 

V52C4258 

LOUT VOH-_____________ OPEN _______________ _ 

VOL-

*1 WBfWE W1/101-W4/104 

0 WM1 data 

1 Don't Care 

WMI data: 0: Wr~e Disable 
1: Write Enable 
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VlZ/J : "H" OR "L" 

Cycle 

Write per bit 

Normal Write 
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Write Cycle (DE Controlled Write) 

~-------------------tRC------------------------~ 

~----------------tRAS------------~1 

RAS VIH-

VIL-

~-------- tcSH----t------~ 

CAS VIH-

vIL-

AO-A8 VIH-

vIL-

WBflNE 
VIH-

VIL-

DT/OE 
VIH-

vIL-

DSF VIH-

VIL-

liN 
VIH-

VIL-

W1/101-
W4/104 

LOUT VOH-
VOL ----------------------------OPEN---------------------------------

*1 WBflNE W1/101-W4/104 

0 WM1 data 

1 Don't Care 

WM 1 data: 0: Write Disable 
1: Write Enable 
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Cycle 

Write per bit 

Normal Write 

• 
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Read-Modify-Write Cycle 

RAS VIH-

VIL-

CAS VIH-

AD-A8 VIH-

WBIWE 

DSF 

IN VIH-I . VIL

W1/101-
W4/104 

IRMW 

IRAS 

IAR 

teSH 

LOUT VOH-___ --.!.. __ 

VOL-

--
*1 WBIWE W1/101-W4/104 

D WM1 data 

1 Don't Care 

WMl data: 0: W,"e Disable 
1 : W,"e Enable 
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IRSH 

teAS 

Cycle 
VlIll : "H" OR "L" 

Write per bit 

Normal Write 
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Fast Page Mode Read Cycle 

~----+--+------+---------1 ~IRP I ..... f---------- IRASP -----------.1 

VIH-- I I .---- ...... -RAS VIL _ 1."-- AR --~ ~-- PC ~ 

CAS VIH 

VIL 

AO-A8 VIH 

VIL 

teRP 
I~ I+--IRCD~ ~ICP" ~ICP __ 

~1 j...-- IRAD -- r'0 .. teAS -J2~ I-- ICAS ----:J21~ 
iASR j...-- teSH I teAH I .. - IRAL ~ 
~ IRAH IASC ~CAH _ IASC I~ IASC ,..tCAH---.J 

'i*- .~ ....... ,~.... ,....l.;:;.-=+:--L-H;::::~ 
-\i~l-=OW COL. V777'\, Cal. ~ Cal. v,.....,.J...! II 1--'-'-" II I 
-jl ADD. ADD. 1 f'LL,L../ ADD. 2 ~ ADD. n .AI / I 

IRCH 
IRCH-' I....... IRCH-' i4- ~ 

IRCS'" H ....... I'" tRCS I ~-I :... IRCS ...---. tRRH 

WBIWE 
VIH 

VIL "!IIIIIIII/~ I~'" ty... ~ 

vl/~ lilli//) /11111 A 1rT777771 
tFSC - I....... IFSC I~ II ~c L 
~ ~ ~m7>1 teF~ +--J.I777>J ~FH~W 11/ I / I / / 

VIH 
I~ 

DT/OE VIL ~I 

DSF 
VIH i~ 
VIL 

trHH 

tePA tePA 

,IN 
1 toEAr- +- toFF _ ItsJEA I~~F _ ItsJEA 1 - - toFF 

W1/101- k tCAci_ • ~ -.. ~ I~ -,.. ~ I..... --
W4/104 +-tAA~ toEZ...... ~ ~ I~ ~ 

LOUT VOH- tRAC ~ DATA-OUT _tAA DATA-OUT ~tAA""""l DATA-OUT 
VOL ---- OPEN -----<I 1 2 n ~--

VII ;] : "H" OR "L" 
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Fast Page Mode Write Cycle (Early Write) 

~------------~------tRASP--------------------~ 

VIH-~-----:>L.. ~--~ 1+------ tpc -----+I 
VIL-

AD-AS 

DSF 

IN VIHI vIL

W1/101-
W4/104 

V52C4258 

LOUTVOH-_______________________ ~- _________________________ _ 
VOL OPEN. 

--
"1 WBIWE W1/101-W4/104 

D WM1 data 

1 Don't Care 

WM 1 data: 0: Write Disable 
1: Write Enable 
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Cycle 
rI/I/J : "H" OR "L" 

Write per bit 

Normal Write 
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Fast Page Mode Read-Modify-Write Cycle 

~-------------------------IRASP----------------------~~ 

RAS V'H-
tCSH 

CAS 

AD-A8 V'H-

tws 

WBIWE 

DT/OE 

DSF 

,IN 
I V'L-

W1/101-
W4/104 

LOUT VOH-_-+ ___ -<I 
VOL- ~~~ 

--
*1 WB/WE W1/101-W4/104 

D WM1 data 

1 Don't Care 

WM 1 data: 0: Write Disable 
1: Write Enable 

3-77 

Cycle 
VII7A : "H" OR "L" 

Write per bit 

Normal Write 

• 
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RAS Only Refresh Cycle 
1+---------tRc ---------+1 

AO-A8 

VIH_""---....J 

VIL-

!CRP 

DSF VIH 

J4-------tRAS ------+1 

W1/101- VOH-____________ _ ____________ _ 
W4/104 VOL OPEN rzm : "H" OR "L" 

CAS before RAS Refresh Cycle 
~--------tRC--------~ 

-----IRAS----..... 

DSF 

WlII01- VOH- 1)-_________ OPEN __________ _ 

W4/104 VOL -'-------"r 

Note: AO - AS = Don' Care ("H" or"L ") FilA: "H" OR "L" 
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Hidden Refresh Cycle 

tRC --------~~----------tRC--------~ 

tRAS 
RAS VIH- tAR 

Vll-

------• ...10----"_ f.o~---- tRAS --------J·U;~~~ 

CAS VIH-

VIH-AD-A8 
Vil 

WBIWE 

DT/OE 
VIH-

DSF 

W1/101- VOH-
W4/104 VOl-

WI/1 : "H" OR "L" 
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Load Color Register Cycle 
IRC 

lRAS 

RAS 
VIH-
V'L-

CAS 

AD-AS 

WBIWE 

DT/OE 

DSF 
V,H 

V,H 
I V,L 

WlII01-
W4II04 

L V,H 
V,L -

(EarlyWrile) 

~:"H"OR"L" 

Read Color Register Cycle 
~----------IRC----------------------~ 

VIH-:------------~I~--------- IRAS ------------+1 J.,....---~ 
V'L-

VIH_------.....J,--++-------.I 
V,L --_____ -J 

DSF 

Wl/101- VOH-________ +-________ ---<I 
W4/104 VOL - ____ -+r-------..:r 1+--------- IRAC rzm :"H" OR "L" 
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WM1 DATA Cycle 

0 Flash Write Disable 

1 Flash Write Enable 
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Slock Write Cycle 

VIH-
RAS 

VIL-

CAS 

AD-A8 
VIH 

WBIWE 
VIH 

DTIOE 
VIH 

VIL-

DSF 
VIL· 

'IN VIH-'-I 'VIL 

W1/101-
W4/104 

LOUT VOH-
VOL-

tRC 

OIl tRAS 

tAR 

teSH 

tRCD tRSH 

teAS 

tRAL 

trHS 

tFSR 

OPEN 

--
*1 WBIWE *2 W1/101-W4/104 Cycle 

0 WM1 data Masked Block Write 

1 Don't Care Block Write (Non Mask) 

WMI data: 0: Write Disable 
I: Wrile Enable 

*3} Column Select 

W1/101 - Column 0 (Alc = 0, Ace = O) } 
W21102 - Column 1 (AIC = 0, Ace = 1) 
W31103 - Column 2 (AIC = 1, Ace = 0) 
W41104 - Column 3 (Alc = 1, Aoc = 1) 
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WnliOn 
= 0: Disable 
= 1: Enable 

V52C4258 

f'IlA : "H" OR "L" 
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Page Mode Block Write Cycle 

- ---.I ""'I-----------IRASP-----------.! 
VIH _ ~----'1. 

VIL-

AO-A8 

DSF 

W1/101- VIH 
W4/104 VIL-

----.~--lpC---~ 

*1 WBIWE *2 W1/101-W4/104 Cycle 

0 WM1 data Masked Block Write 

1 Don't Care Block Write (Non Marsk) 

WM I data: 0: Write Disable 
I: WrRe Enable 

*3) Column Select 

W1/101 - Column 0 (Alc = 0, Aoc = O)} 
W2/102 - Column 1 (AIC = 0, Aoc = 1) 
W3/103 - Column 2 (AI C = 1, AoC = 0) 
W4/104 - Column 3 (Alc = 1, Aoc = 1) 
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Wn/iOn 
= 0: Disable 
= 1: Enable 

VIA: "H" OR "L" 
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Read Transfer Cycle (Previous Transfer is Write Transfer Cycle) 

~--------tRC--------------------------------~ 

VIH-------,J ~------- tRAS -----------------------./ ~=-===!:\I 
Vil _ tAR ----------*1 

~------------- tcSH -----+--------./ 

AD-AS ROW ADDRESS 

WBNJE 

DT/OE 

DSF 

tRSD-

W1/101- VOH-
W4/104 VOl-

se VIH-

liN 
VIH-

VIL-

S101-
SI04 

LOUT VOH-
VOL-

tROD 

VOH-
QSF VOl- TAPMSB(A8} 

Note: 5E = VIL 

VI'I/j : "H" OR "L" 
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Real Time Read Transfer Cycle 

~------------tRC------------------------------------~~ 

___ ,"" 1 .. 41----------- tRAS ------------------------~ Jr'------'-"---'-.,j 
VIH--

RAS VIL _ 4 IAR ----------.I 

1~-----------------tCSH--+---------~~ 

1~-------tRCD----~4_----~tRSH----~--~ 

CAS \i<oIf------+-- teAS ----_1/ 

AD-AS 

DSF VIH 

W1/101- VOH
W4/104 VOL -----'1 

SC 
VIL-

IN VIH-_____ I-________ _ 
I VIL

S101-
SI04 

LOUT VOH
VOL-

r-+---±---+----:i. 

---------------Previous Row Data -------+----_i4--New Row Data 

QSF VOH- TAP MSB (AS) 
VOL-~ _________________ _J~------------

Note: SE = VIL 

V1~ : "H" OR "L" 
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Spilt Read Transfer Cycle 
~--------------tRC--------------~ 

1+---------- tRAS ---------~ 

RAS VIH-:------T---:\~I----IAR---_+I 
VIL-

1+-------tcSH ------------!-----+I 

CAS vIH-

VIL-

AO-A8 
VIL 

WBIWE 

DSF 

SC 

V52C4258 

S101- VIH-~~"" Ir--::-::-:-"" r---::--"" ·r~-:-"" r~-::-"" r--, r~:;:-"" r-'::::~" r-:::::::--, 

SI04 VIL -~""FL.....J I'--'=::L...J '-'>:':-:"='.J """'-'-'=':"<.J '->:.:..:..=.J '-__ .J '--""""-.J '--f'-'.::n~ '--"'-'..:.L-J 

QSF VOH-

VOL -.--------(l"-------I----,A-----------------JI 

Note: SE = VIL Lower SAM 0 - 255 VTI7I1 : "H" OR "L" 
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Pseudo Write Transfer Cycle 

~---------tRC------------------------------------~ 

VIH-:------.l ""f------ tRAS ----------------~ II'=;;;...:I;==", 
V,l _ tAR ------------l~ 

~------------~SH----~----~~ 

~----- tRCD ------*_ tRSH -+--------+--~ 

AD-A8 VIH-

V'l-

WBIWE 
V,H-

V'l-

DT/OE 
V'l-

DSF 

W1/101- VOH-
W4/104 VOl-

I>-r+-----------------+---OPEN-------------+~---------------

se Inhibij Rising Transient 

tESR 

SE 
V,H-

V'l-

IN 
V'H-

I v'l-

S101-
SI04 

LOUT VOH-
VOl-

I}----I----------- OPEN ---+-----------------

1~~---tRQD--~--------~ 

QSF VOH-
VOl-

TAP MSB (AS) 

Serial Output Data ~ ~ Serial Input Data 

VZI/J : "H" OR "L" 

3-87 



MOSEL-VITELIC V52C4258 

Write Transfer Cycle 

~--------IRC--------------------------------~ 

VIH-~---'lI fooIl-------- IRAS ----------------------I~Ii=;;;..,:jw;.;;="il 
VIL _ IAR -----------+1 

1..-------------- tcsH ----+-----+1 
~---- IRCD ------1-1+- IRSH -+------+---.t 

AO-AB 

DSF 

W1/101- VIH -
W4II04 VIL - I>-------+-- OPEN ---------+-,--------------

I 
S101-
SI04 

sc 

IN 

LOUT VOH-_____ ..;..... ______ OPEN --+--_____ +-______ _ 
VOL-

VOH-------+-----------~·~-----------~-------------

QSF VOL_~ ____ ~ _________ _'.~_TA_P_M_S_B_(A_m ___ _+--------------
Previous ......---; 
Row Data : 

WMl data: 0: Transfer Disable 
1: Transfer Enable 
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r--+ New Row Data 

VI1/Jl : "H" OR "L" 
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Split Write Transfer Cycle 

~-------------tRC--------------~ 

~----------- tRAS ---------

RAS 
VIH---------,r----,J 1-"'1-----tAR-----~ 
VIL - _____ -.J 

~--- tcSH ---------t-----j~ 

VIH_-------t:!::::~~=2!~-=:::::;~r-
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Note: SE = VIL Lower SAM 0 - 255 
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Serial Read Cycle (SE = V,J 

VIH-~---------------"'-

VIL-
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Note: SE = VIL 

Serial Read Cycle (SE Controlled Outputs) 

- VIH-~---------------:i.. 

RA8 VIL-
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VIlA : "H" OR "L" 
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VI L -'--'-"-'-....t-........ -<-"'-''-'--'-....... ....t-........ -<-JI 
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8104 
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Serial Write Cycle (SE = V,J 

8C 

8101- VIH-
8104 VIL-

Serial Write Cycle (SE Controlled Inputs) 

-- VIH-:-----------------1 

RA8 VIL-

8C 

SE 

... IN VIHI VIL-

8101-
8104 

trHS trHH 

V52C4258 

VIA : "H" OR "L" 

LOUT VOH-__ ~._._ .~~~ __ ~_____ _ ______ ~ ____ _ 
VOL _ - OPEN 

VlII1 : "H" OR "L" 
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Pin Functions 

Address Inputs: AO-A8 
The 18 address bits required to decode 4 bits of the 

1 ,048,576 cell locations within the dynamic RAM 
memory array of the V52C4258 are multiplexed onto 
9 address input pins (Ao-As). Nine row address bits 
are latched on the falling edge of the row address 
strobe (RAS) and the following nine column address 
bits are latched on the falling edge of the column 
address strobe (CAS). 

Row Address Strobe: RAS 
A random access cycle or a data transfer cycle 

begins at the falling edge of RAS. RAS is the control 
input that latches the row address bits and the states of 
CAS, DT/OE, WBflNE, SE and DSF to invoke the 
various random access and data transfer operating 
modes shown in Table 2. RAS has minimum and 
maximum pulse widths and a minimum precharge 
requirement which mustbe maintained for proper device 
operation and data integrity. The RAM port is placed in 
standby mode when the RAS control is held "high". 

Column Address Strobe: CAS 
CAS is the control input that latches the column 

address bits and the state of the special function 
input DSF. DSF is used in conjunction with the RAS 
control to select either read/write operations or the 
special block write feature on the RAM port when the 
DSF input is held "low" at the falling edge of RAS. 
Refer to the operation truth table shown in Table 1. 
CAS has minimum and maximum pulse widths and 
a minimum precharge requirement which must be 
maintained for proper device operation and data 
integrity. CAS also acts as an output enable for the 
output buffers on the RAM port. 

Data Transfer/Output Enable: DT/OE 
-.Jhe DT/OE input is a multifunction pin. When 
DT/OE is "high" at the falling ed~ of RAS, RAM port 
operations are performed and DT fOE is used as an 
output enable control. When the DT/OE is "low" at the 
falling edge of RAS, a data transfer operation is 
started between the RAM port and the SAM port. 

Write Per BitlWrlte Enable: WB/WE 
-Ihe WBflNE input is also a multifunction pin. When 
WBflNE is "high" at the falling edge of RAS, during 
RAM port operations, it is used to write data into the 
memory array in the same manner as a standard 
DRAM. When WBflNE is "low" at the falling edge of 
RAS, during RAM port operations, the write-per-bit 
function is enabled. The WB/WE input also 

V52C4258 

determines the direction of data transfer between the 
RAM arr'!Y..2nd the serial register (SAM). __ 

When WBflNE is "high" at the falling edge of RAS, 
the data is transferred from RAM to SAM (read 
transfer). When WBflNE is "low" at the falling edge of 
RAS, the data is transferred from SAM to RAM 
(masked write transfer). 

Write Mask Data/Data Input and Output: 
W1"01-W.vI04 

When the write-per-bit function is enabled, the 
mask data on the W/IOj pins is latched into the write 
mask register (WM1) atthe falling edge of RAS. Data 
is written into the DRAM on data lines where the 
write-mask data is a logic "1". Writing is inhibited on 
data lines where the write-mask data is a logiC ''0''. 
The write-mask data is valid for only one cycle. Data 
is written into the RAM port during a write or read
mOdify-write cycle. The input data is latched at the 
falling edge of either CAS or WBflNE, whichever 
occurs late. During an early-write cycle, the outputs 
are in the high-impedance state. Data is read out of 
the RAM port during a read or read-modify-write 
cycle. The output data becomes valid on the W/IOj 

p!!!s after the specified access times from RAS, CAS, 
DT/OE and column address are satisfied and will 
remain valid as long as CAS and DT/OE are kept 
"low". The outputs will return to the high-impedance 
state at the rising edge of either CAS or DT/OE, 
whichever occurs first. 

Serial Clock: SC 
All operations of the SAM port are synchronized 

with the serial clock SC. Data is shifted in or out of the 
SAM registers at the rising edge of SC. In a serial 
read, the output data becomes valid on the SIO pins 
after the maximum specified serial access time tSCA 
from the riSing edge of SC. The serial clock SC also 
increments the 9-bits serial pOinter (8-bits in split 
register mode) which is used to select the SAM 
address. The pointer address is incremented in a 
wrap-around mode to select sequential locations 
after the starting location which is determined by the 
column address in the normal transfer cycle. When 
the pOinter reaches the most significant address 
location (decimal 511 ), the next SC clock will place it 
at the least significant address location (decimal 0). 
The serial clock SC must be held at a constant V IH or 
VIL level during read/pseudo write/write transfer 
operations and should not be clocked while the SAM 
port is in the standby mode, to prevent the SAM 
pOinter from being incremented. 
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Serial Enable: SE 
The SE input is used to enable serial access 

operation. In a serial read cycle, SE is used as an 
output control. In a serial write ~e, SE is used as 
a write enable control. When SE is "high", serial 
access is disabled, however, the serial address 
pOinter location is still incremented when SC is 
Clocked even when SE is "high". 

Special Function Control: DSF 
The DSF input is latched atthe falling edge of RAS 

and cis and allows for the selection of various 
random port and data transfer operating modes. In 
additiun to the conventional multipart DRAM, the 
special features, consisting of flash write, block write, 
load/read color register and split read/write transfer 
can be invoked. 

Operation Mode 

The RAM port and data transfer operating of the 
V52C4258 are determined by the state of CAS, DT/ 
OE, W8IWE, SE and DSF at the falling edge of RAS 
and by the state of DSF at the falling edge of CAS. 

Table 1. Operation Truth Table 

V52C4258 

Special Function Output: aSF 
QSF is an output signal which, during split register 

mode, indicates which half of the split SAM is being 
accessed. QSF "low" indicates that the lower split 
SAM (Bit 0-255) is being accessed, and QSF "high" 
indicates that the upper split SAM (Bit 256-511) is 
being accessed. QSF is monitored so that after it 
toggles and after allowing for a delay of tSTs, split 
read/write transfer operation can be performed on 
the non-active split SAM. 

SeriallnputlOutput: SI01~I04 
Serial input and output share common I/O pins. 

Serial input or output mode is determined by the most 
recent read, write or pseudo write transfer cycle. 
When a read transfer cycle is performed, the SAM 
port is in the output mode. When a write or pseudo 
write transfer cycle is performed, the SAM port is 
switched from output mode to input mode. During the 
subsequent write transfer cycle, the SAM remains in 
the input mode. 

Table 1 and Table 2 show the operation truth table 
and the functional truth table for a listing of all 
available RAM port and transfer operations, 
respectively. 

CAS Fallin~ Edge t OS _ ... -._. 
o 0 

~~~~- ~~~OS~---------------~----- ----
o 

o CAS-before-RAS Refresh --"-+---+----t-+---------------
0 0 0 

0 0 

0 1 

1 0 

-- -
rans/tlr 

Pseudo Write Transjtlr With Mask 

Read Transfer 
- --
ransler S IitReadT 

Masked Flas hWrite ------
olor 
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Table 2. Functional Truth Table 

RASt CASt 

FunCiion CAS OT/DE WII/WE DSF SE DSF 

CAS'before-RAS Refresh 0 . . . · -
Masked Write Transfer 1 0 0 0 0 · 
Pseudo Write Transfer 1 0 0 0 1 · 
Split Write Transfer 1 0 0 1 · · 
Read Transfer 1 0 1 0 · · 
Spl~ Read Transfer 1 0 1 1 · · 
Write per Bit 1 1 0 0 · 0 

Masked Block Write 1 1 0 0 · 1 

Masked Flash Write 1 1 0 1 · · 
ReadlWrite 1 1 1 0 · 0 

Block Write 1 1 1 0 · 1 

Load/Read Color 1 1 1 1 · · 
Note: • = "0" or "1", TAP = SAM Start Address, - = not used. 

If the special function control input (DSF) is in the 
"low" state at the falling edges of RAS and CAS, 
only the conventional multiport DRAM operating 
features can be invoked: CAS-before-RAS refresh, 
write transfer, pseudo-write transfer, read transfer, 
write-per-bit and read/write modes. If the DSF input 

V52C4258 

Addrass W/ID Re.isler 

RAS~ CASt RASt CASt CAS~ Write WM1 Color 

Wet Mask . - · - - - - -
Row TAP WM1 · · WM1 Load 

use -
Row TAP · · · - - -
Row TAP WM1 - · WM1 Load -

use 

Row TAP · · · - - -
Row TAP · · · - - -

Row Column WM1 - DIN WM1 Load -
use 

Row Column WM1 Column - WM1 Load use 
A2C-8C Select use 

Row . WM1 - · WM1 Load use 
use 

Row Column · - DIN - - -
Row Column · Column - - - use 

A2C-aC Select 

Row . · - Color - - Load/Read 

is "high" at the falling edge of RAS, special features 
such as split write transfer, split read transfer, flash 
write and load/read color register can be invoked. If 
the DSF input is "low" at the falling edge of RAS and 
"high" at the falling edge of CAS, the block write 
special feature can be invoked. 
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RAM Port Operation 

Fast Page Mode Cycle 
Fast page mode allows data to be transferred into 

or out of multiple column locations of the same row 
by performing multiple CAS cycles during a single 
active RAS cycle. During a fast page cycle, the RAS 
signal may be maintained active for a period up to 
100 J.IS. For the initial fast page mode access, the 
output data is valid after the specified access times 
from RAS, CAS, column address and DT/OE. For 
all subsequent fast page mode read operations, the 
output data is valid after the specified access times 
from CAS, column address and DT/OE. When the 
write-per-bit function is enabled, the mask data 
latched at the falling edge of RAS is maintained 
throughout the fast page mode write or read
modify-write cycle. 

RA5-0nly Refresh 
The data in the DRAM requires periodic 

refreshing to prevent data loss. Refreshing is 
accomplished by performing a memory cycle at 
each of the 512 rows in the DRAM array within the 
specified 8ms refresh period. Although any normal 
memory cycle will perform the refresh operation, 
this function is most easily accomplished with the 
"RAS-Only" cycle. 

CA5-before-RAS Refresh 
The V52C4258 also offer an internal-refresh 

function. When CAS is held "low" for a specified 
period (tcSR) before RAS goes "low", an internal 
refresh address counter and on-chip refresh control 
clock generators are enabled and an internal 
refresh operation takes place. When the refresh 
operation is completed, the internal refresh address 
counter is automatically incremented in preparation 
for the next CAS-before-RAS cycle. For successive 
CAS-before-RAS refresh cycles, CAS can remain 
"low" while cycling RAS. 

V52C4258 

Hidden Refresh 
A hidden refresh is a CAS-before-RAS refresh 

performed by holding CAS "low" from a previous 
read cycle. This allows for the output data from the 
previous memory cycle to remain valid while 
performing a refresh. The internal refresh address 
counter provides the address and the refresh is 
accomplished by cycling RAS after the specified 
RAS-precharge period (refer to Figure 1.) 

Write-Per-Bit Function 
The write-per-bit function selectively controls the 

internal write-enable circuits of the RAM port. When 
WBIWE is held "low" at the falling edge of RAS, 
during a random access operation, the write-mask 
is enabled. At the same time, the mask data on the 
W/IOj pins is latched into the write-mask register 
(WM1). When a "0" is sensed on any of the W/IOj 

pins, their corresponding write circuits are disabled 
and new data will not be written. When an "1" is 
sensed on any of the W/IO j pins, their 
corresponding write circuits will remain enabled so 
that new data is written. The truth table of the write
per-bit function is shown in Table 3. 

At the failing edge of RAS 

CAS DT/OE WBIWE WI/IOI Function 
(i = 1-4) 

H H H . Write Enable 

1 Write Enable 
H H L 

0 Write Mask 

Table 3. Truth Table for Write-Per-Bit Function 

RAS ~ Memory Cycle ~ Refresh Cycle ~ Refresh Cycle --r-
CAS \~------------------~/ 

W1/101- -------« Valid Data Output )--W4/104 '-_____________ ---' 

Figure 1. Hidden Refresh Cycle 
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An example of the write-per-bit function illustrating 
its application to displays is shown in Figures 2 and 3. 

, , 

CAS :H ) r-
Ao-As ~ cotu~n ~ , , 

DT/OE lH ' 
, 

DSF % :L.@%%. WM&A , 
WSIWE % ;L.@%%. {///////d//t 

W1"01 %M~kh00WMwffi/~ , , , , 

W~I02 @w~ile~'I'~rile~ 
, , 

Wa/I03 ~~kff~0Wt~A , , 

W4!'I04 @'w~ileWA 'O"~rnet00tffffi 

l Lwrite 
W/lOi = L : Write Mask 
W;lIOi = H : Write 

Figure 2. Wrlte-per-bit timing cycle 

Load Color Register/Read Color Register 
The V52C4258 is provided with an on-chip 4-bits 

register (color register) for use during the flash write 
or block write operation. Each bit of the color 
register corresponds to one of the DRAM I/O 
blocks. The load color register cycle is initiated by 
holding CAS, WBfWE, DT/OE and DSF "high" at the 
falling edge of RAS. The data presented on the WI 
101 lines is subsequently latched into the color 
register at the falling edge of either CAS or WBfWE, 
whichever occurs late. The data stored in the color 
register can be read out by performing a read color 
regist~~. Thi~ycle is activated by holding 
CAS, WBfWE, DT/OE and DSF "h.!9!i' at the falling 
edge of RAS and by holding WSfWE "high" at the 
falling edge of CAS and throughout the remainder 
of the cycle. The data in the color register becomes 
valid on the W/IOi lin~after the specified access 
times from RAS and DT/OE are satisfied. During 
the load/read color register cycle, valid Ao-As row 
addresses are not required, but the memory cells 
on the row address latched at the falling edge of 
RAS are refreshed. 

00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 oe 
00 eo 

V52C4258 

CRT Display 

00 00 00 00 0 
00 00 00 00 0 
00 00 oe ee 0 
00 00 eo eo 0 
00 oe 00 eo 0 
00 ee ee eo 0 oe 00 00 eo 0 eo 00 0 I-
00 00 I. 
00 00 0 

1 

lOIelOIo 

lill~"O" Write 
No Write (Masked) 
"1" Write 
No Write (Masked) 

Figure 3. Corresponding bit-map 

Flash Write 
Flash write is a special RAM port write operation, 

which in a single RAS cycle allows for the data in 
the color register to be written into all the memory 
locations of a selected row. Each bit of the color 
register corresponds to one of the DRAM I/O blocks 
and the flash write operation can be selectively 
controlled on an I/O basis in the same manner as 
the write-per-bit operation. 

A flash write cycle is performed by holding CAS 
"high", WBfWE "low" and DSF "high" at the falling 
edge of RAS. The mask data must also ~rovided 
on the Wi"O; lines at the falling edge of RAS in order 
to enable the flash write operation for selected I/O 
blocks (refer to Figures 4 and 5). 

Flash write is most effective for fast plane clear 
operations in frame buffer applications. Selected 
planes can be cleared by performing 512 flash write 
cycles and by specifying a different row address 
location during each flash write cycle (refer to 
Figure 6). Assuming a cycle time of 180ns, a plane 
clear operation can be completed in less than 
92.2J.1S. 
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RAS ------l ~,-, _____ ---Jr-

· AO-A8~ 

WBIWE % iLt0W/M//#~~ 

DSF '!ZI ;H~A · · 
WM1 = L : Write Mask 
WM1 = H: Write 

Figure 4. Flash Write Timing 

Block Write 
Block write is also a special RAM port write 

operation which, in a single RAS cycle, allows for 
the data in the color register to be written into 4 
consecutive column address locations starting from 
a selected column address in a selected row. The 
block write operation can be selectively controlled 
on an 1/0 basis and a column mask capability is 
also available. 

A block write cycle is performed by holding CAS 
and DT/OE "high" and DSF "low" at the falling edge 
of RAS and by holding DSF :!!!9~t the falling 
edge of CAS. The state of the WBIWE input at the 
falling edge of RAS determines whether or not the 
1/0 data mask is enabled (WBIWE must be "low" to 
enable the 1/0 data mask or "high" to disable it). At 

V52C4258 

~:~gC]yC] 
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----- >< -----Write Enable Write Disable 

Figure 5. Flash Write 

Frame 
Buffer \ ~Clear 

Figure 6. Plane clear application example 

the falling edge of RAS, a valid row address and 1/0 
mask data are also specified. At the falling edge of 
CAS, the starting column address location and 
column mask data must be provided. During a block 
write cycle, the 2 least significant column address 
locations (AOC and A 1 C) are internally controlled 
and only the seven most significant column 
addresses (A2C-A8C) are latched at the falling 
edge of CAS. (Refer to Figure 7.) 

An example of the block write function is shown in 
Figure 8 with a data mask on W1/101, W4/104 and 
column 2. Block write is most effective for window 
clear and fill operations in frame buffer applications, 
as shown on Figure 9. 
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W1/101 

W2/1~ 

Wa/103 

W.v'104 

RAS --i /,----
, , 

CAS lH ~ I 
, , 

Ao-Aa ~""'c"'o'''''um''''i n'""'A""2C-A""""'SC=""lE'///////////////& 
, ... rH ..... , I 

WBIWE ~(: )>W//~///W/o//l/I////A 
' .. .:!:.. ...... ' : 

DT/OE :H 
: :H 

DSF '--(:""L_.L-J 

W;lIOj /?J~~~~Oc;Qo'ii!ium~ni]siie,~ectL~~~~~~~ 

( H:NoMaSk ) 
L : Mask Enable 

Figure 7. Block Write Timing 

Mask Data Column Color 
Select Register Data 

0 1 0 

1 1 0 

1 0 1 

0 1 1 

W 1/I01 : Column O} 
W~I02 : Column 1 H : Write 
WalI03 : Column 2 L : Write Mask 
W.v'I04 : Column 3 

Mask 

Figure 8. Example for Block Write 

~t':::: ~~ 
I/'j~ 'i:!0 
Iij~ 1'l::0 
I'l::~ t'::::!lj 

Figure 9. Example of Block Write Application 
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Fast Page Mode Block Write Cycle 
Fast page mode block write can be used to 

perform high speed clear and fill operaitons. The 
cycle is initiated by holding the DSF signal "low" at 
the falling edge of RAS and a fast page mode block 
write is performed during each subsequent CAS 

V52C4258 

cycle with DSF held "high" at the falling edge 
of CAS. 

If the DSF signal is "low" at the falling edge of 
CAS, a normal fast page mode read/write operation 
will occur. Therefore, a combination of block 
write and read/write operations can be performed 

RAS~~ __________________ ~\~ ____________ -Jr-
CAS 

DSF 

~----~yr----~"~--------yy--------~J~ 

Block Write Cycle ReadJWrite Cycle Block Write Cycle 

Figure 10. Fast Page Mode Block Write Cycle 

during a fast page mode block write cycle (refer to 
Figure 10). 
SAM Port Operation 

The V52C4258 is provided with a 512 words by 4 
bits serial access memory (SAM) which can be 
operated in the single register mode or in the split 
register mode. 

Single Register Mode 
When operating in the single register mode, high 

speed serial read or write operations can be 
performed through the SAM port independent of the 
RAM port operations, except during read/write! 
pseudo-write transfer cycles. The preceding 
transfer operation determines the direction of data 
flow through the SAM port. If the preceding transfer 

Start address,: Tap location 

operation is a read transfer, the SAM port is in the 
output mode. If the preceding transfer operation is a 
write or pseudo write transfer, the SAM port is in the 
input mode. The pseudo write transfer operation 
only switches the SAM port from output mode to 
input mode; data is not transferred from SAM to 
RAM. 

Serial data can be read out of the SAM port after 
a read transfer (RAM ~ SAM) has been performed. 
The data is shifted out of the SAM port starting at 
any of the 512 bits locations. The TAP location 
corresponds to the column address selected at the 
falling edge of CAS during the read transfer cycle. 
The SAM registers are configured as circular data 
registers. The data is shifted out sequentially 
starting from the selected tap location to the most 

[I 0 11 121 _hm ___ IFf I : ___ m_mh _________ 15091510 1511 ~ 
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significant bit, and then wraps around to the least 
significant bit, as illustrated below. 

Subsequent real-time read transfer may be 
performed on-the-fly as many times as desired, 
within the refresh constraints of the DRAM array. 
Simultaneous serial read operation can be 
performed with some timing restrictions. A pseudo 
write transfer cycle is performed to change the SAM 

SAM Port Operation DT/OEatthe 
falling edge of RAS SC 

Serial Output Mode H JL 

Serial Input Mode H JL 

Serial Input Mode H JL 

V52C4258 

port from output mode to input mode, in order to 
write data into the serial registers through the SAM 
port. A write transfer cycle must be used 
subsequently to load the SAM data into the RAM 
row selected by the row address at the falling edge 
of RAS. The starting location in the SAM registers 
for the next serial write is selected by the column 
address at the falling edge of CAS. The truth table 
for single register mode SAM operation is shown in 

SE Function Preceded by a 

L Enable Serial Read 
Read Transfer 

H Disable Serial Read 

L Enable Serial Write 
Write Transfer 

H Disable Serial Write 

L Enable Serial Write 

H Disable Serial Write 
Pseudo Write Transfer 

Table 4. Truth Table for SAM Port Operation 

Table 4. 

Split Register Mode 
In split register mode, data can be shifted into or 

out of one half of the SAM while a split read or split 
write transfer is being performed on the other half of 
the SAM. A normal (non-split) readlwrite/pseudo 
write transfer operation must precede any split 
readlwrite transfer operation. The non-split read, 
write and pseudo write transfers will set the SAM 
port into output mode or input mode. The split read 
and write transfers will not change the SAM port 
mode set by the preceding normal transfer 

operation. RAM port operation may be performed 
independently except during split transfers. In the 
split register mode, serial data can be shifted in or 
out of one of the split SAM registers starting from 
any of the 256 tap locations, excluding the last 
address of each split SAM. Data is shifted in or out 
sequentially starting from the selected tap location 
to the most significant bit (255 or 511) of the first 
split SAM. Then the SAM pOinter moves to the tap 
location selected for the second split SAM, to shift 
data in or out sequentially starting from this tap 
location to the most significant bit (511 or 255), and 
finally wraps around to the least significant bit, as 

Tap I~cation Tap I~cation 

r+: I I I --------- 13:: 1-------- I I I· I I I I 1-----1 I fF 1-------- I I I· I L 1 2 255 I 256 _ 511 I 
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illustrated below. 

Refresh 
The SAM data registers are static flip-flop, 

therefore a refresh is not required. 

Data Transfer Operation 
The V52C4258 features two types of internal 

bidirectional data transfer capability between RAM 

512 
rows 

512 columns 
A 

512x512x4 
Memory Cell Array 

512x4 ~ 
L-____ -JI'<-Y 

a. Normal (Non-split) Transfer 

V52C4258 

and the SAM, as shown in Figure 11. During a 
normal transfer, 512 words by 4 bits of data can be 
loaded from RAM to SAM (Read Transfer) or from 
SAM to RAM (Write Transfer). During a split 
transfer, 256 words by 4 bits of data can be loaded 
from the lower/upper half of the RAM into the lower/ 
upper half of the SAM (Split Read Transfer) or from 
the lower/upper half of the SAM into the lower/ 
upper half of the RAM (Split Write Transfer). The 
normal transfer and split transfer modes are 

512 
rows 

256 columns 256 columns 
~ 

512x256x4512x256x4 
Memory Memory 

Cell Array Cell Array 

~25_6_X_4~~~[_25_6_X_4~~~ 

b. Split Transfer 

Figure 11. Transfer Operation 

controlled by the DSF special function input Signal. 

As shown in Table 5, the V52C4258 supports five 
types of transfer operations: read transfer, split read 
transfer, write transfer, split write transfer, and 
pseudo write transfer. Data transfer operations 
between RAM and SAM are invoked by holding the 
DT/DE signal "low" at the falling edge of RAS. The 
type of data transfer -2Q.eration is determined by the 
state of CAS, W8IWE, SE and DSF which are 
latched at the falling edge of RAS. During normal 
data transfer operations, the SAM port is switched 
from input to output mode (Read Transfer) or output 
to input mode (Write Transfer/Pseudo Write 

Transfer), whereas it remains unchanged during 
split transfer operations (Split Read or Split Write 
Transfer). During a data transfer cycle, the row 
address Ao-As selects one of the 512 rows of the 
memory array to or from which data will be 
transferred, and the column address ArrAs selects 
one of the tap locations in the serial register. The 
selected tap location is the start position in the SAM 
port from which the first serial data will be read out 
during the subsequent serial read cycle or the start 
pOSition in the SAM port into which the first serial 
data will be written during the subsequent serial 
write cycle. During split data transfer cycles, the 
most significant column address (A8C) is controlled 
internally to determine which half of the serial 
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At the failing edge of RAS 

CAS DT/OE WBIWE SE DSF Transfer Mode Transfer Direction Transfer Bit SAM Port Mode 

H L H L Read Transfer RAM~SAM 512x4 Input ~ Output 

H L L L L Write Transfer SAM~RAM 512 x 4 Output ~ Input 

H L L H L Pseudo Write Transfer - - Output ~ Input 

H L H . H Split Read Transfer RAM~SAM 256x4 Not changed 

H L L . H Split Write Transfer SAM~RAM 256x4 Not changed 

Note: • = "H" or "L" 

Table 5. Transfer Modes 

register will be accessed. 

Read Transfer Cycle 
A read transfer cycle consists of loading a 

selected row of data from the RAM array into the 
SAM register. A read transfer is invoked by holding 
CAS "high", DT/OE "low", WBIWE "high" and DSF 
"low" at the falling edge of RAS. The row address 
selected at the falling edge of RAS determines the 
RAM row to be transferred into the SAM. The 
transfer cycle is completed at the rising edge of 
DT/OE. When the transfer is completed, the SAM 
port is set into the output mode. In a read/real time 
read transfer cycle, the transfer of a new row of data 

is completed at the rising edge of DT/OE and this 
data becomes valid on the SIO lines after the 
specified access time (tSCA) from the rising edge of 
the subsequent serial clock (SC) cycle. The start 
address of the serial pOinter of the SAM is 
determined by the column address selected at the 
falling edge of CAS. 

Figure 12 shows the operation block diagram for 
the read transfer operation. 

In a read transfer cycle (which is preceded by a 
write transfer cycle), the SC clock must be held at a 
constant VIL or VIH , after the SC high time has been 
satisfied. A rising edge of the SC clock must not 
occur until after the specified delay (tTSO) from the 

"" ' D SIOl -4 

SAM Slart Address~ON~ ______ -1 

"" I OFF c=) 
Serial Read 

Qj 
"0 

ArrAs ~ -r~~~~~~~~~~~- Selected Row 

~ 512 x 512 x 4 bits 
a: Memory Cell Array 

Figure 12. Block Diagram for Read Transfer Operation 
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~~ __________________________ -JI 

:H , , 
'~ __________________ JI 

Ao-As ~~----:::'SA:-:-M:-::S~tart~---")W;W///M@;M//II///ffi , , 
WBIWE ~41' [H ~$W~//% 

Dr/OE ~A rl I ( 

DSF ~~ rl R-t::<~~~<:"'~~~<:"'~~~~~~~~~~~~~o:"<~~~o:"<~"'~~~F~~~~~~~~"'~~~~~~~~o:"<~~~<:"'~~~<:"'~~~<:"'~~~~~~~~ 

sc~ 1 , Inhibit Rising Transition :' ~ ___ ~ ___ _ 

: :1I tTso .! ~- ,-
510 ( Dout x::::: 

Figure 13. Read Transfer Timing 

rising edge of DT/OE, as shown in Figure 13. 

In a real time read transfer cycle (which is 
preceded by another read transfer cycle), the 
~vious row data appears on the SIO lines until the 
DT/OE signal goes "high" and the serial access 
time (tSCA) for the following serial clock is satisfied. 
This feature allows for the first bit of the new row of 
data to appear on the serial output as soon as the 
last bit of the previous row has been strobed without 
any timing loss. To make this continuous data flow 
possible, the risi~~of OT/OE must be 
synchronized with RAS, CAS and the subsequent 
rising edge of SC (tRTH' teTH, and tTSJiTSD must be 
satisfied), as shown in Figure 14. 

The timing restrictions tTSJiTSD are 5ns min/15ns 
min. The split read transfer mode eliminates these 

tRTH 

SC 

timing restrictions. 

Write Transfer Cycle 
A write transfer cycle consists of loading the 

contents of the SAM register into a selected row of 
the RAM array. If the SAM data to be transferred 
must first be loaded through the SAM port, a 
pseudo write transfer operation must precede the 
write transfer cycles. However, if the SAM port data 
to be transferred into the RAM was previously 
loaded into the SAM via a read transfer, the SAM to 
RAM transfer can be executed simply by 
performing a write transfer directl~A write transfer 
is invoked b'y"!:!olding CAS "high", OTIOE "low", WBI 
WE "low", SE "low" and OSF "low" at the falling 
edge of RAS. This write transfer is selectively 
controlled per RAM I/O block by setting the mask 
data on the W/IOj lines at the falling edge of RAS 
(same as in the write-per-bit operation). Figures 15 
and 16 show the timin dia ram and block diagram 

Previous Row Data + New Row Data 

Figure 14. Real Time Read Transfer 
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, , 
RAS -../~-----,} 1~----"\\"_---

CAS --.I 1H \ f 
Ao-As Y-0W/~ SAMStart ~":%:~~~:%:~~~~~~~~'r.~~~'r.~~~r,~"7~"'~~~~~~~~~'r.~~~~~ 

WBNJE 000'ffi'4\ iL U/W/I//W//$I/W/ll/@'/0W~, W/Wj/$/$/W///.i 
! 

DT/OE 00W///4 jL U/1PM//W/;/ffi00'ffi0V~4 
Wl/IOl-W~104 ( M~Data ) i 

: :, .. tsRD., 
SE W////M iL 1////llII/W/l/Wd//A , 

r--\ J '\. \. h, ~ SC ....J '---.J . InhibU Rising Transition _ r. '---.J '--

S101-8104 Data In Data In : Data In Data In 

: 
'L u//4000W'/~~4 ! 
::. Mask Data (0: Not Transferred 

1 : Transferred 

Figure 15. Write Transfer Timing 

SAM Start~Addres/~ooFNF ~ >-------10 SIOl-4 '--------= 

£ 512 x 512 x 4 bits 
Memory Cell Array 

Row Data 

"1" 

Transfer 
operation 

is inhibited. 

Figure 16. Block Diagram for Write Transfer Operation 

for write transfer operations, respectively. 

The row address selected at the falling edge of 
RAS determines the RAM row address into which 
the data will be transferred. The column address 
selected at the falling edge of CAS determines the 
start address of the serial pOinter of the SAM. After 
the write transfer is completed, the SIO lines are set 

in the input mode so that serial data synchronized 
with the SC clock can be loaded. 

When consecutive write transfer operations are 
performed, new data must not be written into the 
serial register until the RAS cycle of the preceding 
write transfer is completed. Consequently, the SC 
clock must be held at a constant V1L or V1H during 
the RAS cycle. A rising edge of the SC clock is only 
allowed after the specified delay (tSRO) from the 
rising edge of RAS, at which time a new row of data 
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can be written in the serial register. 

Pseudo Write Transfer Cycle 
A pseudo write transfer cycle must be performed 

before loading data into the serial register after a 
read transfer operation has been executed. The 
only purpose of a pseudo write transfer is to change 
the SAM port mode from output mode to input mode 
(a data transfer from SAM to RAM does not occur). 
After the serial register is loaded with new data, a 
write transfer cycle must be performed to transfer 
the data from SAM to RAM. A pseudo write transfer 
is invoked l?Y.bolding CAS "high", DT/OE "low", WBI 
WE "'ow", SE "high" and DSF "low" at the falling 
edge of RAS. The timing conditions are the same as 
the one for the write transfer cycle except for the 

256 columns 256 columns 

(-
512 
rows 

\'---r------''-----T-+-' 

V52C4258 

state of SE at the falling edge of RAS. 

Split Data Transfer and QSF 
The V52C4258 features a bidirectional split data 

transfer capability between the RAM and the SAM. 
During split data transfer operation, the serial 
register is split into two halves which can be 
controlled independently. Split read or split write 
transfer operations can be performed to or from one 
half of the serial register while serial data can be 
shifted into or out of the other half of the serial 
register, as shown in Figure 17. The most 
significant column address location (A8C) is 
controlled intemally to determine which half of the 
serial register will be accessed. QSF is an output 
which indicates which half of the serial register is in 
an active state. QSF changes state when the last 
SC clock is applied to active split SAM, as shown in 

Active SAM QSFLevel 

lower SAM "Low" 

upper SAM "High" 

Figure 17. Split Register Mode 

LastSC 
(255) (511) 

SC ~
LastSC FirstSC 

~-~5),....---
"high" 

QSF ___ "Io_w" ___ -, ,...----~55\r------..... \ "low" 

lower SAM: Active upper SAM: Active lower SAM: Active 

Figure 18. QSF Output State During Split Register Mode 

Figure 18. 

Split Read Transfer Cycle 
A split read transfer consists of loading 256 words 

by 4 bits of data from a selected row of the split 
RAM array into the corresponding non-active split 
SAM register. 

Serial data can be shifted out of the other half of 
the split SAM register simultaneously. The block 
diagram and timing diagram for split read transfer 

mode are shown in Figures 19 and 20, respectively. 
During split read transfer operation, the RAM port 
input clocks do not have to be synchronized with the 
serial clock SC, thus eliminating timing restrictions 
as in the case of on-the-fly read transfers. A split 
read transfer can be performed after a delay of tSTS 
from the change of state of the QSF output is 
satisfied. ' 

A normal (non-split) read transfer operation must 
precede split read transfer cycles as shown in the 
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256x4 

510 

Figure 19. Block Diagram for Split Read Transfer 
, , 

RAS --./,..--.....,.~ f....---'""'\'-----
CAS ---1 tH \ : I 

A<rAa W//l$/~ SAM Start >W/W/#//$MWffi'////I////4 
( Ao-A, : 

WBIWE W/M////4 ~#I////~//ffi'ff//MI/////h; 

DT/OE~~ fL ~~~~~~ 
DSF '0'/////////1 !H wm;w~///ffdM~¢$ 

I tsTS : I ISTH I ,- : '--..----aSF ~ _ x. ..... ---__ 
Figure 20. Timing Diagram for Split Read Transfer 

RAS 

SC __ +-¥. 

aSF 

Figure 21. Example of Consecutive Read Transfer Operations 
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Split Write Transfer Cycle 
A split write transfer cycle consists of loading 256 

words by 4 bits of data from the non-active split 
SAM register into a selected row of the 
corresponding split RAM array. 

switch the SAM port from output mode to input 
mode and to set the initial tap location prior to split 
write transfer operations. 

Serial data can be shifted into the other half of the 
split SAM register simultaneously. The block 
diagram and timing diagram for split write transfer 
mode are shown in Figures 22 and 23, respectively. 
During split write transfer operation, the RAM port 
input clocks do not have to be synchronized with the 
serial clock SC, thus allowing for real time transfer. 
A split write transfer can be performed after a delay 
of tSTS from the change of state of the QSF output is 
satisfied. 

I 
t 

SIO 
A pseudo write transfer operation must precede 

split transfer cycles as shown in Figure 24. The 
purpose of the pseudo write transfer operation is to 

Figure 22. Block Diagram for Split Write Transfer 

, , 
RAS .-J"'---.i~ ?,,..----.\\.. ___ _ 

I \ : I lH, , ' 

Ao-As W~~ SAM Start >0000'~~A 
: Ao- A7 I 

WB/WE~~ lL ~~~~~ , , 

DT/OE~~~ ~L ~~~~~~~'%~ 
DSF W;00Wg 1H W&ffff/Wff$/////////////~////&/I////A , , , 

W1/101-W",I04 ( Mask'Dat. ) i : 
~ :~ 

QSF ~ : *,..-----
Figure 23. Timing Diagram for Split Write Transfer 

SC --+---'o! 

aSF 

Figure 24. Example of Consecutive Write Transfer Operations 
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VDDJ 
Pause Dummy Read Pseudo Write 

Transfer (200~s) Cycle Transfer 

AO-A8. 

I , I I I 

I I I :: I : I 

~----~'~LU' ~~~'~U' ~r-~'~U' ~I~--~,~' 
CASJ : "I U 

I I I I 

I I I I 

: 1 : 1 _: __ ~ ____ _ 

~ : LW 4-J! LUI 
I : : I 
1 
: III III W 

, 
III 

1 
t I I "High" I : 

aSF ~H~igt;h-z~(c===:1N~i _---.:!:.L~<NI'Jy ~ (..l-: ---..... :\ ...... -+-__ 
1 1 1 : 
1 1 1 : 

.. ---~~~~ .. ~§ .... ~~§~ .. ~rm~_---~~~ SC 

: Serial Output :: Serial 
1 : 1 Input 

t 511 

SAM 

1 : 
Devices (1) 1 

,/------------ 1 Upper 

Pointer ,/ 1 SAM Upper 
255 ~~~----__ -__ -_-__ -_-__ -__ -++------,~I~------~~-------,~--------~--~~SA-M

_,_--' Devices (2) 

Reset/Set SAM pointer 

o ~~:::po:i:nt:er::::::~------------------~~----------------~~==~----
Pointer Location 

Undefined 

Figure 25. Example of Split SAM Register Operation Sequence 

Split-Register Operation Sequence - Example 
Split readlwrite transfers must be preceded by a 

normal (non-split) transfer, such as a read. write or 
pseudo write transfer. Figure 25 illustrates an 
example of split register operation sequence after 
device power-up and initialization. After power-up. 
a minimum of 8 RAS and 8 SC clock cycles must be 
performed to properly initialize the device. A read 
transfer is then performed and the column address 
latched at the falling edge of CAS sets the SAM tap 
pOinter location, which up to that point was in an 
undefined location. Subsequently, the pointer 

address is incremented by cycling the serial clock 
SC from the starting location to the last location in 
the register (address 511). and wraps around to the 
tap location set by the split read transfer performed 
for the lower SAM while the upper SAM is being 
accessed. The SAM address is incremented as 
long as SC is clocked. The following split read 
transfer sets a new tap location in the upper split 
SAM register (address 256 in this example). and 
the pOinter is incremented from this location by 
cycling the SC clock. 
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example in Figure 21. 

The next operation is a pseudo write transfer 
which switches the SAM port from output mode to 
input mode in preparation for either write transfers 
or split write transfers. The column address latched 
at the falling edge of CAS during the pseudo write 
transfer sets the serial register tap location. Serial 
data will be written into the SAM starting from this 

V52C4258 

location. 

Transfer Operation Without CAS 
During all transfer cycles, the CAS input clock 

must be cycled, so that the column addresses are 
latched at the falling edge of CAS, to set the SAM 
tap location. If CAS was maintained at a constant 
"high" level during a transfer cycle, the SAM pOinter 
location would be undefined. Therefore, a transfer 
cycle with CAS held "high" is not allowed (refer to 

CAS \ ..... ______________ .,,/-- ~~~r 
\~ ______________________ _J~} 

Address %W$~--S""A.,.,M~Start--"'W/0W@'ffiY4 C)cIe 

RAS \'--________ --'r--} Not 

CAS Allowed 

Address ~A< Row ~~4 

the illustration below). 

Tap Location Selection in Split Transfer 
Operation 
a. In a split transfer operation, column addresses 

AOC through A7C must be latched at the falling 
edge of CAS in order to set the tap location in one 

of the split SAM registers. During a split transfer, 
column address ABC is controlled internally and 
therefore it is ignored internally at the falling edge 
of CAS. During a split transfer, it is not allowed to 
set the last address location (A DC-A 7C = FF), in 

\~----------------------~/ 
\~ ______________ _J/ 

Address?000///:X Row ~ Tap address ~.o/$$@. 

t t 
ADR-A8R ADC-A7C (A8C is don1 care: High or Low) 
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either the lower SAM orthe upper SAM, as the tap 
location. 

b. In the case of multiple split transfers performed 
into the same split SAM register, the tap location 
specified during the last split transfer, before QSF 

V52C4258 

toggles, will prevail. In the example shown below, 
multiple split transfers are performed into the 
upper SAM (non-active) while the lower SAM 
(active) is being accessed at the time when QSF 
toggles, the first SC serial clock will start shifting 
serial data starting from the Tap N address loca-

RAS ~I... __ -J{""\'-__ -JI"-\"" ___ --JI 

CAS ------..'----1 L--' 't. \ .... __ ---11 

Address Row 1 T 1 Row 2 T 2 RowN T N 

lo_ SAM : Active 
QSF Upper SAM : Non-Active ,-""" 

: last First 
'.. Clock Clock 

lower SAM : Non-ActIve 
Upper SAM: Aclive 

SC fl-ILIl------v.-----
:, • MultipteSerialSpJ~ferOf Ilower"1o upperSAMSA::.::.M _______ : Serial access of upper SAM 

__ : starting at Tap N location 

tion. 

Split ReadIWrite Transfer Operation Allowable 
Period 

Figure 26 illustrates the relationship between the 
serial clock SC and the special function output QSF 

SC 

QSF 

..... 
Clod< 

Fim 
Clod< 

Last 
Clod< 

during split readlwrite transfers and highlights the 
time periods where split transfers are allowed, 
relative to SC and QSF. As indicated in Figure 26, a 
split read/write transfer is not allowed during the 
period of tSTH + tSTS' 

First 
Clock 

Last Firel 

~ 

SpJH 
ReadlWr~e 

Transfer 
allowed. 

~ ~ ~ !!! ~ !!! 

YES NO YES NO YES NO YES 

Figure 26. Split Transfer Operation Allowable Periods 
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Split Transfer Cycle After Normal Transfer 
Cycle 

A split transfer may be performed following a 
normal transfer (ReadIWrite/Pseudo-Write transfer) 
provided that a minimum delay of 30ns from the 

RAS '1... ___ .... 1 

CAS 

DT/OE ~I... ___ -.JI 

V52C4258 

rising edge of the first clock SC is satisfied (refer to 
the illustration shown below). 

\I... ____ ~I 

DSF __________________ +-______________ --J1 \'------
QSF ______ -.JX~~ _________________ ___ 

SC __________________ ~,----~, , 

Transfer Operation I : 30n5 : 
----~--------~a: ~ 

I Next Transfer : : •• ..:.=;.;...;.;.==.:.-...;, ... 1------ Next Transfer Operation is allowed. 
: Not Allowed 

Normal Read Transfer Cycle After Normal Read 
Transfer Cycle 

Another read transfer may be performed 
following the read transfer provided that a minimum 
delay of 30 ns from the rising edge of the first clock 

\~ ___ ..JI 

CAS 

DT/OE ~,-___ --,I 

SC is satisfied (refer to the illustration shown 
below). 

\~ ___ ..JI 

\~ ____ -,I 

DSF __________________ +-____________________________________ __ 

QSF ______ -...JXI...~---------------------

SC ----------4--~, , 
Transfer Operation :30ns: 

~ 
Next Transfer : 

•• -"N;.:;o.c..t A':";'II;::;'ow""ed=':'-".;'" .1------- Next Transfer Operation is allowed. 
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Normal Transfer After Split Transfer 
A normal transfer (readlwrite/psuedo write) may 

be performed following split transfer operation 

V52C4258 

provided that a 30ns minimum delay is satisfied 
after the QSF signal toggles. 

QSF X 
----------~,~--------~------------------------, , 

Split Transfer - ........ : .t----=30:;.:ns:..:M::.:inc.:.' - ..... : !+--Normal Transfer Operation Allowed 

Power-Up 
Power must be applied to the RAS and OT/OE 

input signals to pull them "high" before or at the 
same time as the VDD supply is turned on. After 
power-up, a pause of 20~conds minimum is 
required with RAS and OnOE held "high". After the 
pause, a minimum of 8 RAS and 8 SC dummy 
cycles must be performed to stabilize the internal 
circuitry, before valid read, write or transfer 
operations can begin. Ouring the initialization 
period, the OnOE signal must be held "high". If the 
internal refresh counter is used, a minimum 8 CAS
before-RAS initialization cycles are required 
instead of 8 RAS cycles. 

SAM port 

aSF 

Color Register 

WMl Register 

TAP pointer 

, , 

Initial State After Power-Up _____ __ 
When PQ!!er is achieved with RAS, CAS, OnOE 

and WBIWE held "high", the internal state of the 
V52C4258 is automatically set as follows. 

However, the initial state can not be guaranteed 
for various power-up conditions and input signal 
levels. Therefore, it is recommended that the initial 
state be set after the initialization of the device is 
performed (200 J.1S pause followed by a minimum of 
8 RAS cycles and 8 SC cycles) and before valid 
operations begin. 

State after power-up 

Input Mode 

High-Impedance 

all "0' 

Write Enable 

Invalid 
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MOSEL-VITELIC V52C8126 PRELIMINARY 
MUL TIPORT VIDEO RAM WITH 
128K X 8 DRAM AND 256 X 8 SAM 

-~- ...• 

HIGH PERFORMANCE V52C8126 70 80 10 

Max. RAS Access Time, (tRAel 70 ns 80 ns 100 ns 

Max. CAS Access Time, (!cAel 20 ns 25 ns 25 ns 

Max. Column Address Access Time, (tM ) 35 ns 40 ns 50 ns 

Min. Fast Page Mode Cycle Time, (tpel 45 ns 50 ns 55 ns 

Min. ReadiWrite Cycle Time, (tRC> 140 ns 150 ns 180 ns 

Max. Serial Access Time, (tSCA) 25 ns 25 ns 25 ns 

Min. Serial Port Cycle Time, (!seel 30 ns 30 ns 30 ns 

Features Description 
• Organization 

• RAM Port: 131 ,072 words x 8 bits 
• SAM Port: 256 words x 8 bits 

• RAM Port 
• Fast Page Mode, Read-Modify-Write, 

The V52C8126 VRAM is equipped with a 
131,072-words by 8-bits dynamic random access 
memory (RAM) port and a 256-words by 8-bits 
static serial access memory (SAM) port. The 
V52C8126 supports three types of operations: 
random access to and from the RAM port, high 
speed serial access to and from the SAM port, and 
bidirectional transfer of data between any selected 
row in the RAM port and the SAM port. The RAM 
port and the SAM port can be accessed 
independently except when data is being 
transferred between them internally. 

Write-Per-Bit 
• CAS-before-RAS Refresh, Hidden Refresh, 

RAS-only Refresh 
• 512 Refresh Cycles/8 ms 

• SAM Port 
• High Speed Serial ReadlWrite Capability 
• 256 Tap Locations 
• Fully Static Register 

• RAM-SAM Bidirectional Transfer 
• ReadlWrite/Pseudo Write Transfer 
• Real Time Read Transfer 

• Low Power Dissipation 
• RAM Port Operating Alone - 90 rnA 
• SAM Port Operating Alone - 50 rnA 

• Low Standby Current - 7 rnA 
• Package 

• 40 pin 400 mil SOJ 
• 40 pin 475 mil ZIP 

Device Usage Chart 

Operating Package Outline 
Temperature 

1 Range K Z 

0°C-70°C . I . 
V52CS126 Rev. 01 April1992 

The V52C8126 is fabricated in CMOS silicon 
gate process as well as advanced circuit designs to 
provide low power dissipation and wide operating 
margins. 

Access Time (ns) Power Temperature 
70 1 80 1100 Std Mark 

. I . I . . Blank 
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Description Pkg. Pin Count 

SOJ K 40 

ZIP Z 40 

40 Lead Pin Configuration 

SC 
SI01 
SI02 
SI03 
SI04 

DT/OE 
W11101 
W2I102 
W31103 
W4II04 

VDD1 
WBIWE 

NC 
RAS 

NC 
A8 
AS 
A5 
A4 

VDD2 

W51105 
W71107 

SE 
SIOS 
SI08 

SC 
SI02 
SI04 

WlII01 
W31103 
W4II04 
WBIWE 

A8 
VSS3 

A5 
NC 
A7 
A2 
AO 

CAS 

Capacitance" 

K-SOJ 

Z-ZIP 

VSS1 
SI08 
SI07 
SI06 
SI05 
SE 
W8I108 
W71107 
W6II06 
W51105 
VSS2 
NC 
NC 
CAS 
NC 
AO 
A1 
A2 
A3 
A7 

WSIIOS 
W8II08 
SI05 
SI07 
VSS1 
SI01 
SI03 
DT/OE 
W21102 
VSS2 
VDD1 
RAS 
AS 
NC 
A4 
VDD2 
A3 
A1 
NC 
NC 

TA = 25°C, VDD = 5 V ±100f0, Vss = 0 V, f = 1MHz 

Symbol Parameter Min. Max. 

CIN Input Capacitance 7 

CINIOUT Input/Output 9 
Capacitance 

"Note: Capacitance is sampled and not 1 00% tested. 

V52C8126 

V52C8126 

Unit 

pF 

pF 

V--c:,.=-r T -err T V 
FAMILY DEVICE PKG. SPEED PWR. TEMP. 

d ('RAcl L L BLANK (O"C to 7O"C) 

~ BLANK (STANDARD) 

70 (70 ns) 
K (SOJ) 80 (80 ns) 
Z (ZIP) 10 (100 ns) 

Pin Names 
Name Description 

AO-AB Address inputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

DT/OE Data Transfer/Output Enable 

WBIWE Write per BitIWrite Enable 

W11101-WB/IOB Write Mask/Data In, Out 

SC Serial Clock 

SE Serial Enable 

SI01-SIOB Serial Input/Output 

VDDNSS Power (5V)/Ground 

NC No Connection 

Absolute Maximum Ratings" 

Ambient Temperature 
Under Bias ................................. -1O°C to +80°C 

Storage Temperature (plastic) .... -55°C to + 125°C 
Voltage Relative to Vss ............................ -1.0 to +7.0 V 
Short Circuit Out Current ............................. 50 mA 
Power Dissipation ............................................ 1 W 

"Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 
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Functional Diagram 

a: a: w w 0 iL w 0 512x256x6 -lD (J :::i !< :::;; .~ 11 w Q. Cl « 0 :::;; 256 CELL « Ii en encl!l z 
:::;; w ARRAY ... 
::J en 
...J Z 
0 w 
(J en 

1 1 

AD-AS 
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DC and Operating Characteristics 
(Voo = 5V ± 10%. TA = G-70·C) 

Symbol Parameter (RAM Port) 

1001 Operating Current 

RAS. CAS Cycling. IRC = IRC Min. 

100lA 

1002 Standby Current 
RAS. CAS = V1H 

IOD2A 

1000 RA8-0nly Refresh Current 
RAS Cycling. CAS = V1H• IRC = IRC Min. 

IOD3A 

IOD4 Page Mode Current 

RAS - V1L• CAS Cycling. Ipc - Ipc Min. 

IOD4A 

IODS CA5-before-RAS Refresh Current 
RAS Cycling. CAS before RAS. 

~c=IRCMin. 

IODSA 

loos Data Transfer Current 

RAS. CAS Cycling. ~C = IRC Min. 

IODSA 

II(LJ Input Leakage Current 
OV ~ VIN ~ 5.5V. all other pins not under test = OV 

IO(L) Output Leakage Current 
OV ~ Vour ~ 5.5V. Outpul Disable 

VOH Output "H" Level Voltage 

lour = -2rnA 

VOL Output "L" Level Voltage 

lour = 2rnA 

V1H Input High Voltage 

V1L Input Low Voltage 

V52C8126-70 

SAM Port Min. Max. 

Standby 90 

Active 125 

Standby 7 

Active 50 

Standby 90 

Active 125 

Standby 75 

Active 125 

Standby 90 

Active 125 

Standby 90 

Active 125 

-10 10 

-10 10 

2.4 

0.4 

2.4 Voo+l 

-1.0 0.8 
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V52C8126-80 V52C8126-10 

Min. Max. Min. Max. Unit Notes 

80 70 rnA 1.2 

115 105 rnA 1.2 

7 7 rnA 

45 40 rnA 1.2 

80 70 rnA 1.2 

115 105 rnA 1.2 

70 65 rnA 1.2 

115 105 rnA 1.2 

80 70 rnA 1.2 

115 105 rnA 1.2 

80 70 rnA 1.2 

115 105 rnA 1.2 

-10 10 -10 10 !LA 

-10 10 -10 10 !LA 

2.4 2.4 V 

0.4 0.4 V 

2.4 Voo+l 2.4 Voo+l V 

-1.0 0.8 -1.0 0.8 V 
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AC Electrical Characteristics Notes: 3,4, 5 

V52C8126-70 V52C8126-80 V52C8126-10 

Symbol Parameter Min. Max. Min. Max. Min. Max. Unit Notes 

tRC Random Read or Write Cycle Time 140 150 180 ns 

tRMW Read-Modify-Write Cycle Time 195 195 235 ns 

tpc Fast Page Mode Cycle Time 45 50 55 ns 

!PRMW Fast Page Mode Read-Modify-Write Cycle Time 90 90 100 ns 

tRAC Access Time from RAS 70 80 100 ns 6, 12 

tM Access Time from Column Address 35 40 50 ns 6, 12 

!cAC Access Time from CAS 20 25 25 ns 6. 13 

!cPA Access Time from CAS Precharge 40 45 50 ns 6, 13 

IoFF Output Buffer Turn-Off Delay 0 20 0 20 0 20 ns 8 

tT Transition Time (Rise and Fall) 3 35 3 35 3 35 ns 5 

tRP RAS Precharge Time 60 60 70 ns • tRAs RAS Pulse Width 70 10K 80 10K 100 10K ns 

~ASP RAS Pulse Width (Fast Page Mode only) 70 lOOK 80 lOOK 100 lOOK ns 

tRSH RAS Hold Time 20 25 25 ns 

!cSH CAS Hold Time 70 80 100 ns 
---

teAS CAS Pulse Width 20 10K 25 10K 25 10K ns -_ .... 
tRCO RAS to CAS Delay Time 20 50 20 55 20 75 ns 12 

---". 
tRAo RAS to Column Address Delay Time 15 35 15 40 20 50 ns 12 

-----1------ --
tRAL Column Address to RAS Lead Time 35 40 55 ns 

.,._----------
!cRP CAS to RAS Precharge Time 10 10 10 ns ---- ------~.-

tePN CAS Precharge Time 10 10 10 ns 
--- ..... _ ... _. ---

tep CAS Precharge Time (Fast Page Mode) 10 10 10 ns 
-'-~-- f----- -_._-- --- ------" . __ ._--_._._._. __ .-

tARR Row Address SP.tup Time 0 0 0 ns 
-----_."---- -- -- - ".--._---"- .'.- _ ... _- " .. _--

tRAH Row Address Hold Time 10 10 10 ns 
------- - -- r- - -- ""' -------_ •• _". ___ -.0 

tA~C Column Address Setup Time 0 0 0 ns ---_ .... _ ... -- -------- . - "--.- ~--' 

leAH Column AddrElss Hold Time 15 15 15 ns ---_ .. -f-- " .... _---_._ ... -.. _ .. - - .--.--

tAR Column Addfflss Hnld Time referenced to RAS 55 55 70 ns 
----,.,-_ ... . . ---~~-.. --- ._-----_ . 

tRCS Rp.lld Command Setup Time 0 0 0 ns 
--- ... _---"-_ .... ... -

tRr:H Rp.ad Command Hold Time 0 0 0 ns 9 
-- I- -- - - - - .-"-.-~>---.--." 

tRRH Read Command Hold Time referenced to RAS 0 0 0 ns 9 
----"-

tWCH Write Command Hold Time 15 15 15 ns 
--."-" 

tWCR Write Command Hold Time referenced to RAS 55 55 70 ns 

twp Write Command Pulse Width 15 15 15 ns 
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AC Electrical Characteristics (Conrd) 

V52C8126-70 V52C8126-80 V52C8126-1 0 

Symbol Parameter Min. Max. Min. Max. Min. Max. Unit Notes 

ImYL Write Command to RAS Lead Time 20 20 25 ns 

IewL Write Command 10 CAS Lead Time 20 20 25 ns 

los Data Selup Time 0 0 0 ns 10 

IoH Data Hold Time 15 15 15 ns 10 

IoHR Data Hold Time referenced 10 RAS 55 55 70 ns 

Iwcs Write Command Setup Time 0 0 0 ns 11 

IAWO RAS 10 WE Delay Time 100 100 130 ns 11 

IAWO Column Address 10 WE Delay Time 65 65 80 ns 11 

lewD CAS to WE Delay Time 45 45 55 ns 11 

loze Data to CAS Delay Time 0 0 0 ns 

Iozo Data to DE Delay Time 0 0 0 ns 

IoEA Access Time from DE 20 20 25 ns 6 

IoEZ Output Buffer Turn-Ofl Delay from OE 0 10 0 10 0 20 ns 8 

IoEO OE 10 Data Delay Time 10 10 20 ns 

IoEH DE Command Hold Time 10 10 20 ns 

tROH RAS Hold Time referenced to OE 15 15 15 ns 

IcSR CAS Setup Time for CAS-before-RAS Cycle 10 10 10 ns 

IcHR CAS Hold Time for CA5-before-RAS Cycle 10 10 10 ns 

tRPC RAS Precharge to CAS Active Time 0 0 0 ns 

IREF Refresh Period 8 8 8 rns 

IwSR WB Setup Time 0 0 0 ns 

~WH WBHoldTime 15 15 15 ns 

~ Write-Per-Bit Mask Data Selup Time 0 0 0 ns 

~H Write-Per-Bit Mask Data Hold Time 15 15 15 ns 

tTHS DT High Selup Time 0 0 0 ns 

ITHH DT High Hold Time 15 15 15 ns 

ITLS DT Low Setup Time 0 0 0 ns 

ITLH DT Low Hold Time 15 10K 15 10K 15 10K .ns 

mH DT Low Hold Time referenced 10 RAS 60 10K 65 10K 80 10K ns 
(Real Time Read Transfer) 

lATH DT Low Hold Time referenced 10 Column Address 25 30 30 ns 
(Real Time Read Transfer) 

IcrH DT Low Hold Time referenced 10 CAS 20 25 25 ns 
(Real Time Read Transfer) 
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AC Electrical Characteristics (Cant'd) 

V52C8126-70 V52C8126-80 V52C8126-1 0 

Symbol Parameter Min. Max. Min. Max. Min. Max. Unit Notes 

tESR SE Setup Time referenced to RAS 0 0 0 ns 

tREH SE Hold Time referenced to RAS 15 15 15 ns 

tTAP DT to RAS Precharge Time 60 60 70 ns 

trp DT Precharge Time 20 20 30 ns 

tRSO RAS to First SC Delay Time (Read Transfer) 70 80 100 ns 

tAso Column Address to First SC Delay Time 45 45 50 ns 
(Read Transfer) 

Icso CAS to First SC Delay Time (Read Transfer) 20 25 25 ns 

trsL Last SC to DT Lead Time 5 5 5 ns 
(Real Time Read Transfer) 

trso DT to First SC Delay Time (Read Transfer) 15 15 15 ns 

!sRS Last SC to RAS Setup Time (Serial Input) 25 25 30 ns • 
!sRO RAS to First SC Delay Time (Serial Input) 20 20 25 ns 

tsoo RAS to Serial Input Delay Time 40 40 50 ns 

tsoz Serial Output Buffer Tum-Off Delay from RAS 10 40 10 40 10 50 ns 8 
(Pseudo Write Transfer) 

tscc SC Cycle Time 30 30 30 ns 

!SC SC Pulse Width (SC High Time) 10 10 10 ns 

tscp SC Precharge Time (SC Low Time) 10 10 10 ns 

!sCA Access Time from SC 25 25 25 ns 7 

tSOH Serial Output Hold Time from SC 5 5 5 ns 

!sOS Serial Input Setup Time 0 0 0 ns 

tSOH Serial Input Hold Time 15 15 15 ns 

tSEA Access Time from SE 25 25 25 ns 7 

!sE SE Pulse Width 25 25 25 ns 

tSEP SE Precharge Time 25 25 25 ns 

tSEZ Serial Output Buffer Turn-Off Delay from SE 0 20 0 20 0 20 ns 8 

tSZE Serial Input to SE Delay Time 0 0 0 ns 

tszs Serial Input to First SC Delay Time 0 0 0 ns 

tsws Serial Wr~e Enable Setup Time 5 5 5 ns 

!sWH Serial Write Enable Hold Time 15 15 15 ns 

!sWIS Serial Write Disable Setup Time 5 5 5 ns 

!sWIH Serial Write Disable Hold Time 15 15 15 ns 
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Notes 
1 . These parameters depend on cycle rate. 

2. These parameters depend on output loading. Specified values are obtained with the output open. 

3. An initial pause of 200JlS is required after power-up, followed by any 8 RAS cycles (DT/OE "high'1 and 

any 8 SC cycles before proper device operation is achieved. In case of using internal refresh counter, a 

minimum of 8 CAS-before-RAS initialization cycles instead of 8 RAS cycles are required. 

4. AC measurements assume tT = 5 ns. 

5. V1H (min.) and V1L (max.) are reference levels for measuring timing of input signals. Also, transition times 

are measured between V1H and V1L. 

6. RAM port outputs are measured with a load equivalent to 1 TTL load and 100 pF. DOUT reference levels: 

VoHNoL = 2.0V/0.8V. 

7. SAM port outputs are measured with a load equivalent to 1 TTL load and 30 pF. DOUT reference levels: 

VoHNOL = 2.0V/O.8V. 

8. toFF (max.), toEZ (max.), tSDZ (max.) and tSEZ (max.) define the time at which the outputs achieve the 

open circuit condition and are not referenced to output voltage levels. 

9. Either tRCH or tRRH must be satisfied for a read cycle. 

10. These parameters are referenced to CAS leading edge of early write cycles and to WBIWE leading edge 

in OE-controlled write cycles and read-modify-write cycles. 

11. twcs, tRWD, leWD and tAWD are not restrictive operating parameters. They are included in the data sheet 

as electrical characteristics only. If twcs ~ twcs (min.), the cycle is an early write cycle and the data out 

pin will remain open circuit (high impedance) throughout the entire cycle. If tRWD ~ tRWD (min.), tCWD ~ 

leWD (min.) and tAWD ~ tAWD (min.), the cycle is a read-modify-write cycle and the data out will contain 

data read from the selected cell. If neither of the above sets of conditions is satisfied, the condition of the 

data out (at access time) is indeterminate. 

12. Operation within the tRCD (max.) limit ensures that tRAC (max.) can be met. tRCD (max.) is specified as a 

reference point only; if tRCD is greater than the specified tRCD (max.) limit, then access time is controlled 

byleAC' 

13. Operation within the tRAD (max.) limit ensures that tRAC (max.) can be met. tRAD (max.) is specified as a 

reference point only; if tRAD is greater than the specified tRAD (max.) limit, then access time is controlled 

by tAA• 
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TIMING WAVEFORMS 

Read Cycle 

~----------tRC----------~ 

~------tRAS-------'.1 

VIH __ ---~:LfooIf----- tAR ------~ 

VIL-

tCRP 
r------- tcSH----+-.1 

AD-AS 

IN VIH

I VIL - ........ -'-'-'-J....J..,.......'-"r 
W1/101-
walloa 

LOUT VOH-_________ OPEN ____ -<I VALID DATA-OUT 
VOL- ~ ________ ~ 

VTIZI : "H" OR "L" 
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Write Cycle (Early Write) 

~-------------------tRC--------------------~ 

~------tRAS-------~~1 

VIH-~----:lI foooIl---- IAR --------~ 

VIL-

~--------- tcSH -------f-_I 

___ ~==~~~~~~~~t~R~CD~==~~~ 
VIH-

VIL-

AO-A8 VIH-

DTIOE 

IN VIHI VIL

W1/101-
W8II08 ~-------tDHR-------i~~1 

LOUTVOH-________________________ ----------------------------VOL _ OPEN 

*1 WBIWE W1/101-W8/108 

0 WM1 data 

1 Don't Care 

WM1 data: 0: Wrne Disable 
1: Write Enable 

3-122 

VZIlJ : "H" OR "L" 

Cycle 

Write per bit 

Normal Write 
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Write Cycle (OE Controlled Write) 

RAS VIH-

VIL-

CAS vIH-

AD-A8 

IN VIHI VIL

WlII01-
WBlI08 

tRCD 

V52C8126 

tRC 

tRAS 

tAR • 

tcSH 

LOUT VOH-__________________________ _ __________________________ ___ 
VOL- OPEN 

--
*1 WBIWE W1/101-W8/108 

D WM1 data 

1 Don't Care 

WM1 data: 0: Write Disable 
1: Write Enable 
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VlJ!J : "H" OR "L" 

Cycle 

Write per bit 

Normal Write 
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Read-Modify-Write Cycle 

~---------tRMW----------------------------------~ 

VIH-~--~I+------ tRAS ------------------------~ Jt~.....;;..-~ 
VIL _ IAR -----------+1 

I+----~SH--------~-----~ 

---~~---4-tRSH-----~~ 

--~~-+~--------~~ ~AS }-~~----~ 

AD-A8 

IN VIHI VIL
WlII01-
W8110a 

LOUT VOH-___ --'-__ 
VOL-

--
*1 WBIWE W1/101-W8/108 

D WM1 data 

1 Don't Care 

WMI data: 0: Write Disable 
1 : Wr~e Enable 
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Cycle VI//J : "H" OR "L" 

Write per bit 

Normal Write 
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Fast Page Mode Read Cycle 

AD-A8 

DT/OE ~/I/~ JlII/I~ /IIIII/A /V/IIII/ • 
IDZO+! ~ tePA tePA 

,- IN ~:~!/ / / / / / ;!/I>-I-to-+L.-+-~---!-+-.~~-+--+-+-+-to-EA++-to-FF-+--+-+-+-to-E -1---+--
I EA,... r-- l.. 'Uf"': ..... +~ t....::.:.. ..... i+-"A..... +toFF 

W1/101- ~. teACI- I"" I~ I~ 
W8/108 ~IAA~ toEZ~ ~ ~ la ~ 

LOUT VOH- IRAC ___ -<l- DATA-OUT ~IAA DATA-OUT I4-IAA DATA-OUTb-__ 
VOL ---OPEN I 2 n 

VZII1 : "H" OR "L" 
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Fast Page Mode Write Cycle (Early Write) 

~------------tRASP----------~ 

VIH---"""""--I+-__ _ 1 ..... 1---- tpc ---+I 
Vll-

ACl-AS 

IN VIHI Vll

W11101-
WSIIOS 

V52C8126 

tRP 

LOUT VOH-_______________ OPEN ______________ _ 

VOL 

*1 WBIWE W1/101-WS/IOS 

0 WM1 data 

1 Don't Care 

WMI data: 0: Wme Disable 
1: Write Enable 

3-126 

Cycle 
VlIll : WH" OR "L" 

Write per bit 

Normal Write 
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Fast Page Mode Read-Modify-Write Cycle 

~------------------------tRASP----------------------~ 

RAS 

CAS 

AD-A8 

WBIWE 

DT/OE 

liN 

WlII01-
W8/108 

~---- tcSH -t-----~ 

VIH-

tws 
VIH-

LOUT VOH-_-t-___ -<I 
VOL-

--
*1 WBIWE W1/101-W8/108 

a WM1 data 

1 Don't Care 

WM1 data: 0: Write Disable 
1: Write Enable 
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Cycle 
VI7/JJ : "H" OR "L" 

Write per bit 

Normal Write 
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RAS Only Refresh Cycle 

~--------IRC 

VIH-----~ 

VIL-

tcRP 

j+-------IRAS -------+1 

W1/I01- VOH-_____________ OPEN 
walloa VOL 

CAS before RAS Refresh Cycle 

V52C8126 

Vl/J'A : "H" OR "L" 

~---------IRC----------------.I 

RAS 
vIH-

l'\i"Il-------IRAS -----.~I/I 

tcSR 

)+--- tcHR ------~ r""T'""lr-r""T'""lr-r""T'""lr-r""T'""lr-r""T'""lr-r""T'""l""" 
CAS 

WBIWE 
VIH-

VIL 

DT/OE VIL 

W1/I01- VOH-
wa/loa VOL-

J}---------- OPEN -----------

Nole: AD - A8 = Don' Care ("H" or "L") f'I//I1 : "H" OR "L" 
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Hidden Refresh Cycle 

r4~--------tRc---------;~----------tRC--------~ 
tRP 

RAS ~:~=---"",I1'~-=--===------I-4 
1+------ tRAS -----.\ 

AD-A8 VIH

VIL --~U\ lc.....;=rT>~"f" V·1"-~~~--"f" "'r'r-L..L.L,L..,LL-''....L.J......'-l...,L-'-l.....L.LJ '-----

W1/101- VOH-

W8/108 VOL -'-----"f" -----1:1-----------'1 
~---tRAC ......... .,..........,...., f'////1 : "H" OR "L" 
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Read Transfer Cycle (Previous Transfer is Write Transfer Cycle) 

~--------tRC--------------------------------~ 

vIH-:------ll fooII-------- tRAS ---------------------+lJr-=;..:gj;;.;..;;;~ 
VIL _ tAR ----------~ 

~------------- tcSH ----+------+1 
~---- tRCD --------1-1+- tRSH -+-------t----.! 

AD-A8 

DT/OE 

~-----tRSD----------------r_--~ 

W1/101- VOH-:--~t_+_-------------+_--r_----------
W8/108 VOL -'----'1 

SC 

IN VIHI VIL-

S101-
SI08 

InhiM Rising Transient 

LOUTVOH-_____________________ ~ 

VOL - 1'-"":":'='==;"---'1 

Note: SE = VIL V771J : "H" OR "L" 
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Real Time Read Transfer Cycle 

AD-AB 

DT/OE VIH 

WlI101- VOH
WBIIOB VOL ------I 

sc VIH
VIL-

IN VIH-_____ t-________ _ 
I VIL

S101-
SlOB 
L vQH-

OUT VOL-

V52C8126 

I 
---------Previous Row Data -------... -!-o! .. ~ New Row Data 

Note: SE = VIL 

VTIZl : "H" OR "L" 
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Pseudo Write Transfer Cycle 

~--------~c------------------------------~ 
VIH------.I 1-011-------- tRAS --------------~ 1r=;;;...:E:u;.:=r:;J 
VIL _ tAR ---------+1 

~------------~SH--_r---~~ 

AQ-A8 

DT/OE 

W11101- VOH
W8/108 VOL _'--_---'~-+I---------- OPEN ------1--------

8C 

I 
IN 

InhibR Rising Transient 

tESR tREH 
VIH--.-~::::j~Lj::!==b--r-7-.-T'"'T.......,r-T""T""'lr-r-r-7-r--r-7-.-T'"'T.,. 
VIL-

VIH

VIL-----~---------r--~~~~~~~~~~r!!:~~~~~ 
8101- tseA 
8108 : 

LOUT VOH- VALID VALID I>----------OPEN-...;..: _________ _ 
VOL-· __ ~D~AT~A,~~U~T_~~~DA~T~Au~~U~T~: : 

Serial outp~ Da~ ~ Serial Input Data tsoH 

VTI/Jl : "H" OR "L" 
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Write Transfer Cycle 

tRC 

tRAS 

RAS 
VIH-

tAR 
VIL-

tcSH 

tRCD tRSH 

CAS 

AD-A8 
VIH-

ROW ADDRESS 

W1/101- VOH
W8I108 VOL-

~--~--------------------OPEN------------4-----------------

SC VIH
VIL-'-----_~ 

Inhibit Rising Transient 

IN 
VIL - "'---"""-=!.:!.....-'T) '-L-'-L-I.-.L...L-'--L-L...L....'--L...L...L....<:.....L-'-L-I.-.L...L-'--LJ :!", ;......o""""=....;T 

S101- i 
SI08 : 

LOUT VOH -----------....;..--------------- OPEN ---------------l:--------------
VOL-: : 

Previous ~ ~ New Row Data 
Row Data : 

V7Z/j : "H" OR "L" 
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Serial Read Cycle (SE = V1J 

VIH-----------------"L 

VIL-

8C 

8101- VQH-
8108 vOL-

Note: SE = VIL 

Serial Read Cycle (SE Controlled Outputs) 

- VIH----------------""'--

RA8 VIL-

8C VIL-

8E VIH-
VIL -;;...... ___ --+ ___ J 

IN VIH-____ --+ ___ ----.~--_< 
I VIL-

8101-
8108 

LOUT VOH
VOL-
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VIllA : "H" OR "L" 

V1J7J : "H" OR "L" 
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Serial Write Cycle (SE = V,J 

VIH---------------------,l 

VIL-

5C 

5101- VIH-
5108 VIL-

Serial Write Cycle (SE Controlled Inputs) 

-- VIH_------------------:L 
RA5 VIL-

trHS trHH 

V52C8126 

VI! IJ : "H" OR "L" 

VIH_-r~~-r~~~~~~~-r~~-m----~~~-r~~-r~~~~~~ 

VIL -'-'-............. ~J.... ...... ~ ............ _'_ ..... '_'_ ....... <_U 

5C 

IN VIHI VIL-

5101-
5108 

LOUT VOH-________________ OPEN ______________ _ 

VOL 

~:"H"OR"L" 

3-135 

• 



MOSEL-VITELIC 

Pin Functions 

Address Inputs: AO-A8 
The 17 address bits required to decode 8 bits of the 

1 ,048,576 cell locations within the dynamic RAM 
memory array of the V52C8126 are multiplexed onto 
9 address input pins (Ao-As). Nine row address bits 
are latched on the falling edge of the row address 
strobe (RAS) and the following eight column address 
bits are latched on the falling edge of the column 
address strobe (CAS). 

Row Address Strobe: RAS 
A random access cycle or a data transfer cycle 

begins at the falling edge of RAS. RAS is the control 
input that latches the row address bits and the states 
of CAS, DTlOE, WBI'NE and SE to invoke the 
various random access and data transfer operating 
modes shown in Table 2. RAS has minimum and 
maximum pulse widths and a minimum precharge 
requirement which must be maintained for proper 
device operation and data integrit.Y.:.!!le RAM port is 
placed in standby mode when the RAS control is held 
"high". 

Column Address Strobe: CAS 
CAS is the control input that latches the column 

address bits. CAS has minimum and maximum pulse 
widths and a minimum precharge requirement which 
must be maintained for proper device operation and 
data integrity. CAS also acts as an output enable for 
the output buffers on the RAM port. 

Data Transfer/Output Enable: DT/OE 
.-The DT/OE input is a multifunction pin. When 
DT/OE is "high" at the falling ed~ of RAS, RAM port 
operations are performed and DT 10E is used as an 
output enable control. When the DT tOE is "low" atthe 
falling edge of RAS, a data transfer operation is 
started between the RAM port and the SAM port. 

Write Per BitlWrlte Enable: WBIWE 
~he WBI'NE input is also a multifunction pin. When 
WBI'NE is "high" at the falling edge of RAS, during 
RAM port operations, it is used to write data into the 
memory array in the same manner as a standard 
DRAM. When WBI'NE is "low" at the falling edge of 
RAS, during RAM port operations, the write-per-bit 
function is enabled. The WB/WE input also 
determines the direction of data transfer between the 
RAM array and the serial register (SAM). 

V52C8126 

When WBI'NE is "high" at the falling edge of RAS, 
the data is transferred from RAM to SAM (read 
transfer). When WBI'NE is "low" at the falling edge of 
RAS, the data is transferred from SAM to RAM (write 
transfer). 

Write Mask Data/Data Input and Output: 
W1"01-WslIOs 

When the write-per-bit function is enabled, the 
mask data on the W/lOj pins is latched into the write 
mask register (WM 1 ) at the falling edge of RAS. Data 
is written into the DRAM on data lines where the 
write-mask data is a logic "1". Writing is inhibited on 
data lines where the write-mask data is a logic "0". 
The write-mask data is valid for only one cycle. Data 
is written into the RAM port during a write or read
modify-write cycle. The input data is latched at the 
falling edge of either CAS or WBI'NE, whichever 
occurs late. During an early-write cycle, the outputs 
are in the high-impedance state. Data is read out of 
the RAM port during a read or read-modify-write 
cycle. The output data becomes valid on the W/lOj 

Q!!!s after the specified access times from RAS, CAS, 
DT/OE and column address are satisfied and will 
remain valid as long as CAS and DT/OE are kept 
"low". The outputs will return to the high-impedance 
state at the rising edge of either CAS or DT/OE, 
whichever occurs first. 

Serial Clock: SC 
All operations of the SAM port are synchronized 

with the serial clock SC. Data is shifted in or out of the 
SAM registers at the rising edge of SC. In a serial 
read, the output data becomes valid on the SIO pins 
after the maximum specified serial access time tSCA 
from the rising edge of SC. The serial clock SC also 
increments the 8-bits serial pOinter which is used to 
select the SAM address. The pOinter address is 
incremented in a wrap-around mode to select 
sequential locations after the starting location which 
is determined by the column address in the normal 
transfer cycle. When the pointer reaches the most 
significant address location (decimal 255), the next 
SC clock will place it at the least significant address 
location (decimal 0). The serial clock SC must be 
held at a constant V IH or V IL level during read/pseudo 
write/write transfer operations and should not be 
clocked while the SAM port is in the standby mode, 
to prevent the SAM pointer from being incremented. 
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Serial Enable: SE 
The SE input is used to enable serial access 

operation. In a serial read cycle, SE is used as an 
output control. In a serial write ~e. SE is used as 
a write enable control. When SE is "high", serial 
access is disabled, however, the serial address 
pointer location is still incremented when SC is 
clocked even when SE is "high". 

Operation Mode 

The RAM port and data transfer operating of the 
V52C8126 are determined by the state of CAS, DT I 
DE, W8IWE. and SE at the falling edge of RAS. The 
Table 1 and Table 2 show the operation truth table 
and the functional truth table for a listing of all 
available RAM port and transfer operations, 
respectively. 

Table 2. Functional Truth Table 

RAS t 

Function CAS DT/OE WBIWE SE 

CAS-before-RAS Refresh 0 . . · 
Write Transfer 1 0 0 0 

Pseudo Write Transfer 1 0 0 1 

Read Transfer 1 0 1 · 
Write per Bit 1 1 0 · 
ReadlWrite 1 1 1 · 
Note:· = "0" or "1", TAP = SAM Start Address, - = not used. 

V52C8126 

SeriallnputlOutput: S101-S108 
Serial input and output share common I/O pins. 

Serial input or output mode is determined by the most 
recent read. write or pseudo write transfer cycle. 
When a read transfer cycle is performed. the SAM 
port is in the output mode. When a write or pseudo 
write transfer cycle is performed, the SAM port is 
switched from output mode to input mode. During the 
subsequent write transfer cycle, the SAM remains in 
the input mode. 

Table 1. Operation Truth Table 

RAS Failing Edge t 

CAS DT/OE WBIWE SE Function 

0 . . · CAS-before-RAS Refresh 

1 0 0 0 Write Transfer 

1 0 0 1 Pseudo Write Transfer 

1 0 1 · Read Transfer 

1 1 0 · ReadlWrite per Bit 

1 1 1 · ReadlWrite 

Address W/IO Write Mask 

RASt CASt RASt CAS~ WM1 

WEt . - · - -

Row TAP · · -
Row TAP · · -
Row TAP · · -

Row Column WMI DIN Load use 

Row Column · DIN -
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RAM Port Operation 

Fast Page Mode Cycle 
Fast page mode allows data to be transferred into 

or out of multiple column locations of the same row 
by performing multiple CAS cycles during a single 
active RAS cycle. During a fast page cycle, the RAS 
signal may be maintained active for a period up to 
100 J.IS. For the initial fast page mode access, the 
output data is valid after the specified access times 
from RAS, CAS, column address and DT/OE. For 
all subsequent fast page mode read operations, the 
output data is valid after the specified access times 
from CAS, column address and DT/OE. When the 
write-per-bit function is enabled, the mask data 
latched at the falling edge of RAS is maintained 
throughout the fast page mode write or read
modify-write cycle. 

RAS-Only Refresh 
The data in the DRAM requires periodic 

refreshing to prevent data loss. Refreshing is 
accomplished by performing a memory cycle at 
each of the 512 rows in the DRAM array within the 
specified 8ms refresh period. Although any normal 
memory cycle will perform the refresh operation, 
this function is most easily accomplished with the 
"RAS-Only" cycle. 

CAS-before-RAS Refresh 
The V52C8126 also offers an internal-refresh 

function. When CAS is held "low" for a specified 
period (tCSR) before RAS goes "low", an internal 
refresh address counter and on-chip refresh control 
clock generators are enabled and an internal 
refresh operation takes place. When the refresh 
operation is completed, the internal refresh address 
counter is automatically incremented in preparation 
for the next CAS-before-RAS cycle. For successive 
CAS-before-RAS refresh cycles, CAS can remain 
"low" while cycling RAS. 

V52C8126 

Hidden Refresh 
A hidden refresh is a CAS-before-RAS refresh 

performed by holding CAS "low" from a previous 
read cycle. This allows for the output data from the 
previous memory cycle to remain valid while 
performing a refresh. The internal refresh address 
counter provides the address and the refresh is 
accomplished by cycling RAS after the specified 
RAS-precharge period (refer to Figure 1.) 

Write-Per-Bit Function 
The write-per-bit function selectively controls the 

internal write-enable circuits of the RAM port. When 
WBIWE is held "low" at the falling edge of RAS, 
during a random access operation, the write-mask 
is enabled. At the same time, the mask data on the 
Wj/IOj pins is latched into the write-mask register 
(WM1). When a "0" is sensed on any of the Wr'IOj 
pins, their corresponding write circuits are disabled 
and new data will not be written. When an "1" is 
sensed on any of the WjllO j pins, their 
corresponding write circuits will remain enabled so 
that new data is written. The truth table of the write
per-bit function is shown in Table 3. 

At the falling edge of RAS 

CAS DT/OE WBIWE Wi/IOi Function 
(I = 1-8) 

H H H . Write Enable 

1 Write Enable 
H H L 

0 Write Mask 

Table 3. Truth Table for Write-Per-Bit Function 

RAS ~ Memory Cycle ~ Refresh Cycle ~ Refresh Cycle r 
\~------------------~/ 

W1/I01- ----~( Valid Data Output >--W81108 '-_____________ ----' 

Figure 1. Hidden Refresh Cycle 
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An example of the write-per-bit function illustrating 
its application to displays is shown in Figures 2 and 3. 

RAS 

CAS :H ~~ __ ..Jr-
Ao-As ~ COlu~n ~ 
DT/OE lH 

WB/WE ~ i L.@'lW, P/%0WA 
W1/101 %M';'k~~& 

; I 

W-z/I02 'Z?Iw~ite~"1"~rite'<000Wffi , . 
W-JI03 %,Mfk~~ffi 

, ' 

W.vI04 @w;;teWA 'o"+r;te l0'Wff/ M 
, , 

WslI05 %M~skfi0W?~A 
Ws/IOs 'Z?Iw;;te~"1"Wr;te%W"M , . 

W7" 07 %M~Skb0W~ffi , , 

WallOs @W~;te WA '0" Write &00Wffi l lWrite 
W/IO; = L: Write Mask 
W/IO; = H : Write 

Figure 2. Write-per-bit timing cycle 

SAM Port Operation 

The V52C8126 is provided with a 256 words by 8 
bits serial access memory (SAM). 

High speed serial read or write operations can be 
performed through the SAM port independent of the 
RAM port operations, except during read/write/ 
pseudo-write transfer cycles. The preceding 
transfer operation determines the direction of data 
flow through the SAM port. If the preceding transfer 
operation is a read transfer, the SAM port is in the 
output mode. If the preceding transfer operation is a 
write or pseudo write transfer, the SAM port is in the 
input mode. The pseudo write transfer operation 
only switches the SAM port from output mode to 

Start address,: Tap location 

V52C8126 

CRT Display 

00 00 00 00 00 00 
00 00 00 00 00 00 
00 00 00 00 ee eo 
00 00 00 oe oe 00 
00 00 00 eo oe 00 
00 00 oe ee ee 00 
00 

~I~I~ 
I. 

00 I. 
00 

III 

10/4 'IOiuOi.uu 

No Write (Ma ~~Wrire sked) 
"1" Write 
No Write (Ma 
"O"Write 
No Write (Ma 
"1" Write 

sked) 

sked) 

- No Write (Ma sked) 

Figure 3. Corresponding bit-map 

input mode; data is not transferred from SAM to 
RAM. 

Serial data can be read out of the SAM port after 
a read transfer (RAM ~ SAM) has been performed. 
The data is shifted out of the SAM port starting at 
any of the 256 bits locations. The TAP location 
corresponds to the column address selected at the 
falling edge of CAS during the read transfer cycle. 
The SAM registers are configured as circular data 
registers. The data is shifted out sequentially 
starting from the selected tap location to the most 
significant bit, and then wraps around to the least 
significant bit, as illustrated below. 

rl 0 11 121 --------- 1* 1---------------------- 125312541255 ~ 
- . 
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Subsequent real-time read transfer may be 
performed on-the-fly as many times as desired, 
within the refresh constraints of the DRAM array. 
Simultaneous serial read operation can be 
performed with some timing restrictions. A pseudo 
write transfer cycle is performed to change the SAM 
port from output mode to input mode, in order to 
write data into the serial registers through the SAM 

SAM Port Operation. DT/OE at the 
failing edge of RAS SC 

Serial Output Mode H JL 

Serial Input Mode H JL 

V52C8126 

port. A write transfer cycle must be used 
subsequently to load the SAM data into the RAM 
row selected by the row address at the falling edge 
of RAS. The starting location in the SAM registers 
for the next serial write is selected by the column 
address at the falling edge of CAS. The truth table 
for single register mode SAM operation is shown in 
Table 4. 

SE Function Preceded by a 

L Enable Serial Read 
Read Transfer 

H Disable Serial Read 

L Enable Serial Write 
Write Transfer 

H Disable Serial Write 

JL 
L Enable Serial Write 

Serial Input Mode H 
H Disable Serial Write 

Pseudo Write Transfer 

Table 4. Truth Table for SAM Port Operation 

Refresh 
The SAM data registers are static flip-flop, 

therefore a refresh is not required. 

Data Transfer Operation 
The V52C8126 features the internal bidirectional 

data transfer capability between RAM and the SAM, 
as shown in Figure 4. During a normal transfer, 256 
words by 8 bits of data can be loaded from RAM to 
SAM (Read Transfer) or from SAM to RAM (Write 
Transfer). 

256 columns . 

512 512x256x8 
rows Memory Cell Array 

256 x 8 I<=> 
Figure 4. Data Transfer 

As shown in Table 5, the V52C8126 supports 
three types of transfer operations: Read transfer, 
write transfer and pseudo write transfer. Data 
transfer operations between RAM and SAM are 
invoked by holdi!!9..!!1e DT/DE signal "low" at the 
falling edge of RAS. The type of data transfer 
~ration ~ determined by the state of CAS, WB/ 
WE and SE latched at the falling edge of RAS. 
During data transfer operations, the SAM port is 
switched from input to output mode (Read Transfer) 
or output to input mode (Write Transfer/Pseudo 
Write Transfer). During a data transfer cycle, the 
row address ArrAs selects one of the 512 rows of 
the memory array to or from which data will be 
transferred, and the column address ArrA7 selects 
one of the tap locations in the serial register. The 
selected tap location is the start position in the SAM 
port from which the first serial data will be read out 
during the subsequent serial read cycle or the start 
position in the SAM port into which the first serial 
data will be written during the subsequent serial 
write cycle. 
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At the failing edge of RAS 

CAS DT/OE WBIWE SE Transfer Mode Transfer Direction Transfer Bit SAM Port Mode 

H L H Read Transfer RAM --> SAM 256 x8 Input --> Output 

H L L L Write Transfer SAM --> RAM 256 x8 Output --> Input 

H L L H Pseudo Write Transfer - - Output --> Input 

Note: • = "H" or "L" 

Table 5. Transfer Modes 

Read Transfer Cycle 
A read transfer cycle consists of loading a 

selected row of data from the RAM array into the 
SAM register. A read transfer is invoked by holding 
CAS "high", DT/OE "loW" and WBIWE "high" at the 
falling edge of RAS. The row address selected at 
the falling edge of RAS determines the RAM row to 
be transferred into the SAM. The transfer cycle is 
completed at the rising edge of DT/OE. When the 
transfer is completed, the SAM port is set into the 
output mode. In a readlreal time read transfer cycle, 
the transfer of a new row of data is completed at the 
rising edge of DTIOE and this data becomes valid 
on the SIO lines after the specified access time 

(tSCA) from the rising edge of the subsequent serial 
clock (SC) cycle. The start address of the serial 
painter of the SAM is determined by the column 
address selected at the falling edge of CAS. 

Figure 5 shows the operation block diagram for 
the read transfer operation. 

In a read transfer cycle (which is preceded by a 
write transfer cycle). the SC clock must be held at a 
constant VIL or VIH, after the SC high time has been 
satisfied. A rising edge of the SC clock must not 
occur until aft~he specified delay (tTSD) from the 
rising edge of DT/OE, as shown in Figure 6. 

"" ' 0 SIO,-a 
SAM Start AddreSS~ON~ ______ -I 

'\../ OFF Y 
Serial Read 

lii 
"tJQ)8 

c -tPz~~~~~m~~~~- Selected Row 
~ 512x256x8bits 
cc Memory Cell Array 

Figure 5. Block Diagram for Read Transfer Operation 
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RAS --..I ~ / 
o ,...-__ _ 

CAS~ iH \ / 

Ao-As W%W~ SAM Start X00"M@"~ffi 

WBIWE mM"//0/4 jH ~//0/ffi 

DT/OE~a ;L / 
, , ( 

SC ~ , \ Inhib~ Rising Transition i\~ i .. trsD.l~ 
SIO ( Dout c= 

Figure 6. Read Transfer Timing 

In a real time read transfer cycle (which is 
preceded by another read transfer cycle), the 
~vious row data appears on the SIO lines until the 
DT/OE signal goes "high" and the serial access 
time (tSCA) for the following serial clock is satisfied. 
This feature allows for the first bit of the new row of 
data to appear on the serial output as soon as the 
last bit of the previous row has been strobed without 
any timing loss. To make this continuous data flow 
possible, the risi~dJlLof DT/OE must be 
synchronized with RAS, CAS and the subsequent 
rising edge of SC (tRTH' tcTH, and tTSL/tTSD must be 
satisfied), as shown in Figure 7. 

The timing restrictions tTSL/tTSD are 5ns min/15ns 
min. 

CAS 

tRTH 

Write Transfer Cycle 
A write transfer cycle consists of loading the 

contents of the SAM register into a selected row of 
the RAM array. If the SAM data to be transferred 
must first be loaded through the SAM port, a 
pseudo write transfer operation must precede the 
write transfer cycles. However, if the SAM port data 
to be transferred into the RAM was previously 
loaded into the SAM via a read transfer, the SAM to 
RAM transfer can be executed simply by 
performing a write transfer directl~A write transfer 
is invoked by holding CAS "high", DT/OE "loW", WBI 
WE "low" and SE "low" at the falling edge of RAS. 
Figures 8 and 9 show the timing diagram and block 
diagram for write transfer operations, respectively. 

~-As~~~R~~~A~~~~~s~~~~~~~~~~~~~~~~~~ 

DT/OE ~~~~--------,Jt-:~~~~~~ 
SC 

, 
Previous Row Data ~ New Row Data 

Figure 7. Real Time Read Transfer 
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, , 
RAS ---'r-----.}'-___________ -'1r----'\\-__ _ 

1H \'-_______ --'{'r--------
ArrAa ~~ SAM Start X-;"%'7:0,..,~'7»;;,.,~'7':0,..,~'7~h,.,%'7:0,..,~'7~h,.,~'7~h,.,%'7~,.,%'7:0,..,%'7~,.,~7':% 

: ' 
WBfWE 0000/4 iL ~$~MtftffiWo/ffi , , , , 
DT/OE w/MtA\. iL M~$ff§~ftMt$g~/2 

, ' , ' , ' 
W11101-Wal10a -----....;:------------+-i -------

: I tSRD 

1L~~a :-; 
\.~--~~~==~----~--~~: ~ _ Inhibit Rising Transition _ I! '---J '--SC J""\...-.I 

SI01-SIOa Data In Data In Data In Data In 

Figure 8. Write Transfer Timing 

CD 

~ t~(.(Z~~(.(Z~~(.(Z~- ~~~ed 
~ 512x256x8bits 
a: Memory Cell Array 

Figure 9. Block Diagram for Write Transfer Operation 

The row address selected at the falling edge of 
RAS determines the RAM row address into which 
the data will be transferred. The column address 
selected at the falling edge of CAS determies the 
start address of the serial pointer of the SAM. After 
the write transfer is completed, the SIO lines are set 
in the input mode so that serial data synchronized 
with the SC clock can be loaded. 

When consecutive write transfer operations are 
performed, new data must not be written into the 
serial register until the RAS cycle of the preceding 
write transfer is completed. Consequently, the SC 
clock must be held at a constant V1L or V1H during 
the RAS cycle. A rising edge of the SC clock is only 
allowed after the specified delay (tSRD) from the 
rising edge of RAS, at which time a new row of data 
can be written in the serial register. 
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Pseudo Write Transfer Cycle 
A pseudo write transfer cycle must be performed 

before loading data into the serial register after a 
read transfer operation has been executed. The 
only purpose of a pseudo write transfer is to change 
the SAM port mode from output mode to input mode 
(a data transfer from SAM to RAM does not occur). 
After the serial register is loaded with new data, a 
write transfer cycle must be performed to transfer 
the data from SAM to RAM. A pseudo write transfer 
is invoked by holding CAS "high", DT fOE "low", WBf 
WE "low" and SE "high" at the falling edge of RAS. 
The timing conditions are the same as the one for 
the write transfer cycle except for the state of SE at 
the falling edge of RAS. 

V52C8126 

Register Operation Sequence - Example 
Figure 10 illustrates an example of register 

operation sequence after device power-up and 
initialization. After power-up, a minimum of 8 RAS 
and 8 SC clock cycles must be performed to 
properly intialize the device. A read transfer is then 
performed and the column address latched at the 
falling edge of CAS sets the SAM tap pOinter 
location, which up to that point was in an undefined 
location. Subsequently, the pOinter address is 
incremented by cycling the serial clock SC from the 
starting location to the last location in the register 
(address 255), and wraps around to the least 
significant address location. The SAM address is 
incremented as long as SC is clocked. 

VOD J 
Pause Dummy Read Pseudo Write 
(200~s) Cycle Transfer Transfer 
~~ ,..--....---., r "" ., 

--- "I , I, 
I I I I I" 
I I I I I' 

I :: I : \ 

RAS~ ii I , ,...:.,-\--

SC 

t 255 

SAM 
Pointer 

, , 
cjI 
, 

Ell 

.. -----------
_----- Devices (2) 

Resel/Set SAM 

, , , , , , , , 

UJ 

-Jf 

, 

~ 

, 

, , 
, 

u 
LLJ' , , 

, 
: : 
: : 

w 

pointer 

o ~~===po~int:er======~----------~~-------~~==~---
Pointer Location • I 

Undefined 

Figure 10. Example of SAM Register Operation Sequence 
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The next operation is a pseudo write transfer 
which switches the SAM port from output mode to 
input mode in preparation for write transfers. The 
column address latched at the falling edge of CAS 
during the pseudo write transfer sets the serial 
register tap location. Serial data will be written into 
the SAM starting from this location. 

V52C8126 

Transfer Operation Without CAS 
During all transfer cycles, the CAS input clock 

must be cycled, so that the column addresses are 
latched at the falling edge of CAS, to set the SAM 
tap location. If CAS was maintained at a constant 
"high" level during a transfer cycle, the SAM pOinter 
location would be undefined. Therefore, a transfer 
cycle with CAS held "high" is not allowed (refer to 
the illustration below). 

'~ ____________________ --J;-----} 
,\... _____ ---JI-- ~=er 

- Cycle 

Address 'l/000/~_...;:S""AM;;.;:St;.;;;;art,,-----,W/WI///l///I/fl. 

RAS ,\... _________ ~r____}~ 

CAS Allowed 

Address W$#A( Row X00W~4W4WA 

Read Transfer Cycle After Read Transfer Cycle 
Another read transfer may be performed 

following the read transfer provided that a minimum 
delay of 30 ns from the riSing edge of the first clock 

' ..... ______ ..J! 

CAS 

DT/OE ~""' ____ ..J/ 

SC is satisfied (refer to the illustration shown 
below). 

'~ ______ ..J! 

SC ________________ -.;.. ____ ...J, , 

Transfer Operation :3Ons: :.--.: 
Next Transfer : 

•• ':":N=ot::"':Ac:.::IIO:'::wed=-'.~·.----- Next Transfer Operation is allowed. 
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Power-Up 
Power must be applied to the RAS and DT/OE 

input signals to pull them "high" before or at the 
same time as the VDD supply is turned on. After 
power-up, a pause of 20~econds minimum is 
required with RAS and DT/OE held "high". After the 
pause, a minimum of 8 RAS and 8 SC dummy 
cycles must be performed to stabilize the internal 
circuitry, before valid read, write or transfer 
operations can begin. During the initialization 
period, the DT/OE signal must be held "high". If the 
internal refresh counter is used, a minimum 8 CAS
before-RAS initialization cycles are required 
instead of 8 RAS cycles. 

SAM port 

TAP pointer 

WM1 Register 

V52C8126 

Initial State After Power-Up 
When ~er is achieved with RAS, CAS, DTIOE 

and WBIWE held "high", the internal state of the 
V52C8126 is automatically set as follows. 

However, the initial state can not be guaranteed 
for various power-up conditions and input signal 
levels. Therefore, it is recommended that the initial 
state be set after the initialization of the device is 
performed (200 I.lS pause followed by a minimum of 
8 RAS cycles and 8 SC cycles) and before valid 
operations begin. 

State after power-up 

Input Mode 

Invalid 

Write Enable 

3-146 



MOSEL-VITELIC V52C8128 PRELIMINARY 
MUL TIPORT VIDEO RAM WITH 
128K X 8 DRAM AND 256 X 8 SAM 

HIGH PERFORMANCE V52C8128 70 80 10 

Max. RAS Access Time, (IRAd 10 ns 80 ns lOOns 

Max. CAS Access Time, (leAd 20 ns 25 ns 25 ns 

Max. Column Address Access Time, (1M ) 35 ns 40 ns 50 ns 

Min. Fasl Page Mode Cycle Time, (Ipd 45 ns 50 ns 55ns 

Min. ReadlWrile Cycle Time, (IRd 140 ns 150 ns 180 ns 

Max. Serial Access Time, (lsCA) 25 ns 25 ns 25 ns 

Min. Serial Port Cycle Time, (!sed 30ns 30 ns 30 ns 

Features Description 
• Organization 

• RAM Port: 131 ,072 words x 8 bits 
• SAM Port: 256 words x 8 bits 

• RAM Port 
• Fast Page Mode, Read-Modify-Write, 

Write-Per-Bit 
• Block Write/Flash Write 
• Color Register Load/Read 
• 512 Refresh Cycles/8 ms 
• CAS-before-RAS Refresh, Hidden Refresh, 

RAS-only Refresh 

The V52C8128 VRAM is equipped with a 
131 ,072-words by 8-bits dynamic random access 
memory (RAM) port and a 256-words by 8-bits 
static serial access memory (SAM) port. The 
V52C8128 supports three types of operations: 
random access to and from the RAM port, high 
speed serial access to and from the SAM port, and 
bidirectional transfer of data between any selected 
row in the RAM port and the SAM port. The RAM 
port and the SAM port can be accessed 
independently except when data is being 
transferred between them internally. • SAM Port 

• High Speed Serial ReadlWrite Capability 
• 256 Tap Locations 
• Fully Static Register 

• RAM-SAM Bidirectional Transfer 
• ReadlWrite/Pseudo Write Transfer 
• Real Time Read Transfer 
• Split ReadlWrite Transfer 

• Low Power Dissipation 
• RAM Port Operating Alone - 90 mA 
• SAM Port Operating Alone - 50 mA 

• Low CMOS Standby Current - 7 mA 
• Package 

• 40 pin 400 mil SOJ 
• 40 pin 475 mil ZIP 

Device Usage Chart 
Operating Package OUtline 

Temperature 

/ Range K Z 

ODC-10DC . I . 
V52C8128 Rev. 01 Apri11992 

In addition to the conventional multiport video 
RAM operating modes, the V52C8128 features the 
block write and flash write functions on the RAM 
port and a split register data transfer capability on 
the SAM port. 

The V52C8128 is fabricated in CMOS silicon 
gate process as well as advanced circuit designs to 
provide low power dissipation and wide operating 
margins. 

Access Time (ns) Power 
Temperature 

70 / 80 /100 Std Mark 

. I . I . . Blank 
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Description Pkg. Pin Count 

SOJ K 40 
ZIP Z 40 

40 Lead Pin Configuration 

SC 
SIOl 
SI02 
SI03 
SI04 

DT/OE 
Wl/101 
W2II02 
W3/103 
W4II04 

VDDl 
WBIWE 

NC 
RAS 

NC 
AS 
A6 
A5 
A4 

VDD2 

W5/105 
W7/107 

SE 
SI06 
SlOB 

SC 
SI02 
SI04 

Wl/101 
W3/103 
W4/104 
WBfWE 

AS 
VSS3 

A5 
NC 
A7 
A2 
AO 

CAS 

Capacitance" 

K-SOJ 

Z-ZIP 

VSSl 
SlOB 
SI07 
SI06 
SI05 
SE 
W8IIOB 
W7/107 
W6/106 
W5/105 
VSS2 
DSF 
NC 
CAS 
QSF 
AO 
Al 
A2 
A3 
A7 

W6/106 
W8IIOB 
SI05 
SI07 
VSSl 
SIOl 
SI03 
DTIOE 
W2I102 
VSS2 
VDDl 
RAS 
A6 
NC 
A4 
VDD2 
A3 
Al 
QSF 
DSF 

TA = 25°C, VDD = 5 V ±10%, Vss = 0 V, f = 1MHz 

Symbol Parameter Min. Max. 

CIN Input Capacitance 7 

CIN/OUT Input/Output 9 
Capacitance 

COUT Output Capacitance (QSF) 9 

'Note: Capacitance is sampled and not 100% tested. 

V52C8128 

V52C8128 

Unit 

pF 

pF 

pF 

V-c:...::rr- T V T V 
FAMILY DEVICE PKq. 

',~d 

Pin Names 

Name 

AO-A8 

RAS 

CAS 

DT/OE 

WBIWE 

DSF 

W1/101-W8/108 

SC 

SE 

S101-S108 

QSF 

VDDNSS 

NC 

SPEED PWR. TEMP. 

~RAC) L L BLANK (OOC to 70"C) t BLANK (STANDARD) 

70 (70 ns) 
80 (80 ns) 
10 (100 ns) 

Description 

Address Inputs 

Row Address Strobe 

Column Address Strobe 

Data Transfer/Output Enable 

Write per BitlWrite Enable 

Special Function Control 

Write Mask/Data In, Out 

Serial Clock 

Serial Enable 

SeriallnputlOutput 

Special Flag Output 

Power (5V)/Ground 

No Connection 

Absolute Maximum Ratings" 

Ambient Temperature 
Under Bias ..•.•..••.•.•.•.........•.....•.. -10°C to +80°C 

Storage Temperature (plastic) .... -55°C to + 125°C 
Voltage Relative to Vss ............................ -1.0 to +7.0 V 
Short Circuit Out Current ............................. 50 rnA 
Power Dissipation ............................................ 1 W 

'Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 
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Functional Diagram 

W1/101-W8I108 5101-5108 

• 
w :::!: .... ~ « 

a: <!l 
~ w a: ri w 0 u:: .... => 0 512x256x8 

0 :::; 
W 0. 

CELL 0 :::!: 256 
z « 
:::!: w ARRAY 
=> '" .... Z w :::!: 
8 w 

'" .... « « '" <!l 1;; 
ri ~ .... ...J Q5F 

1 1 

AO-A8 
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DC and Operating Characteristics 
(Voo = 5V ± 10%. TA = o-70·C) 

Symbol Parameter (RAM Port) 

1001 Operating Current 

RAS. CAS Cycling. ~c = tRC Min. 

1001A 

1002 Standby Current 

RAS, CAS = VIH 

1002A 

1003 RAS-Only Refresh Current 
RAS Cycling, CAS = VIH, tRe = tRc Min. 

1003A 

10D4 Page Mode Current 
RAS = VIL, CAS Cycling, tpc = tpc Min. 

10D4A 

1005 CA5-before-RAS Refresh Current 
RAS Cycling, CAS before RAS, 

tRe = tRe Min. 

1005A 

lODe Data Transfer Current 

RAS, CAS Cycling, tRc = tRe Min. 

100SA 

1007 Flash Write Current 

RAS, CAS Cycling, tRe = tRC Min. 

1007A 

1008 Block Wr~e Current 

RAS, CAS Cycling, tRC = tRC Min. 

100M 

II(L) Input Leakage Current 
OV:s VIN :s 5.5V, all other pins not under test = OV 

IO(L) Output Leakage Current 

OV:s VOUT:S 5.5V, Output Disable 

VOH Output "H" Level Voltage 

lOUT = -2mA 

VOL Output "L" Level Voltage 

IOUT=2mA 

VIH Input High Voltage 

VIL Input Low Voltage 

V52C812&70 

SAM Pori Min. Max. 

Standby 90 

Active 125 

Standby 7 

Active 50 

Standby 90 

Active 125 

Standby 75 

Active 125 

Standby 90 

Active 125 

Standby 90 

Active 125 

Standby 90 

Active 125 

Standby 90 

Active 125 

-10 10 

-10 10 

2.4 

0.4 

2.4 Voo+1 

-1.0 0.8 
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V52C812&80 V52C812&10 

Min. Max. Min. Max. Unit Notes 

80 70 mA 1.2 

115 105 mA 1.2 

7 7 mA 

45 40 mA 1,2 

80 70 mA 1,2 

115 105 mA 1,2 

70 65 mA 1,2 

115 105 mA 1,2 

80 70 mA 1,2 

115 105 mA 1,2 

80 70 mA 1,2 

115 105 mA 1,2 

80 70 mA 1,2 

115 105 mA 1,2 

80 70 mA 1,2 

115 105 mA 1,2 

-10 10 -10 10 !lA 

-10 10 -10 10 !lA 

2.4 2.4 V 

0.4 0.4 V 

2.4 Voo+1 2.4 Voo+1 V 

-1.0 0.8 -1.0 0.8 V 



MOSEL-VITELIC V52C8128 

AC Electrical Characteristics Notes: 3,4,5 

V52C8128-70 V52C8128-80 V52C8128-10 

Symbol Parameter Min. Max. Min. Max. Min. Max. Unit Notes 

tRC Random Read or Write Cycle Time 140 150 180 ns 

tRMW Read-Modify-Write Cycle Time 195 195 235 ns 

Ipc Fast Page Mode Cycle Time 45 50 55 ns 

tpRMW Fast Page Mode Read-Modify-Write Cycle Time 90 90 100 ns 

'wIc Access Time from RAS 70 80 100 ns 6, 12 

tM Access Time from Column Address 35 40 50 ns 6, 12 

leAe Access Time from CAS 20 25 25 ns 6,13 

IePA Access Time from CAS Precharge 40 45 50 ns 6, 13 

IoFF Output Buffer Turn-Off Delay 0 20 0 20 0 20 ns 8 

tT Transition Time (Rise and Fall) 3 35 3 35 3 35 ns 5 

~p RAS Precharge Time 60 60 70 ns • 'wIs RAS Pulse Width 70 10K 80 10K 100 10K ns 

~ASP RAS Pulse Width (Fast Page Mode only) 70 100K 80 100K 100 100K ns 

tRSH RAS Hold Time 20 25 25 ns 

IeSH CAS Hold Time 70 80 100 ns 

leAs CAS Pulse Width 20 10K 25 10K 25 10K ns 

~eD RAS to CAS Delay Time 20 50 20 55 20 75 ns 12 

'wiD RAS to Column Address Delay Time 15 35 15 40 20 50 ns 12 

~AL Column Address to RAS Lead Time 35 40 55 ns 

IeRP CAS to RAS Precharge Time 10 10 10 ns 

IePN CAS Precharge Time 10 10 10 ns 

lep CAS Precharge Time (Fast Page Mode) 10 10 10 ns 

tASR Row Address Setup Time 0 0 0 ns 

tRAH Row Address Hold Time 10 10 10 ns 

tAse Column Address Setup Time 0 0 0 ns 

leAH Column Address Hold Time 15 15 15 ns 

tAR Column Address Hold Time referenced to RAS 55 55 70 ns 

tRcs Read Command Setup Time 0 0 0 ns 

tRCH Read Command Hold Time 0 0 0 ns 9 

tRRH Read Command Hold Time referenced to RAS 0 0 0 ns 9 

tweH Write Command Hold Time 15 15 15 ns 

tWCR Write Command Hold Time referenced to RAS 55 55 70 ns 
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MOSEL-VITELIC V52C8128 

AC Electrical Characteristics (Confd) 

V52C8128-70 V52C8128-80 V52C8128-10 

Symbol Parameter Min. Max. Min. Max. Min. Max. Unit Notes 

Iwp Write Command Pulse Width 15 15 15 ns 

~WL Write Command to RAS Lead Time 20 20 25 ns 

IewL Write Command to CAS Lead Time 20 20 25 ns 

tos Data Setup Time 0 0 0 ns 10 

IoH Data Hold Time 15 15 15 ns 10 

tOHR Data Hold Time referenced to RAS 55 55 70 ns 

twes Write Command Setup Time 0 0 0 ns 11 

tRWo RAS to WE Delay Time 100 100 130 ns 11 

tAwo Column Address to WE Delay Time 65 65 80 ns 11 

lewD CAS to WE Delay Time 45 45 55 ns 11 

toze Data to CAS Delay Time 0 0 0 ns 

Iozo Data to DE Delay Time 0 0 0 ns 

toEA Access Time from DE 20 20 25 ns 6 

toEZ Output Buffer Turn-Off Delay from DE 0 10 0 10 0 20 ns 8 

toED DE to Data Delay Time 10 10 20 ns 

toEH DE Command Hold Time 10 10 20 ns 

tROH RAS Hold Time referenced to DE 15 15 15 ns 

IcsR CAS Setup Time for CAS-before-RAS Cycle 10 10 10 ns 

IcHR CAS Hold Time for CA8-before-RAS Cycle 10 10 10 ns 

tRpc RAS Precharge to CAS Active Time 0 0 0 ns 

tREF Refresh Period 8 8 8 ms 

twsR WB Setup Time 0 0 0 ns 

tRWH WB Hold Time 15 15 15 ns 

~SR DSF Setup Trne referenced to RAS 0 0 0 ns 

tRFH DSF Hold Trne referenced to RAS (1) 15 15 15 ns 

tFHR DSF Hold Time referenced to RAS (2) 55 55 70 ns 

~se DSF Setup Time referenced to CAS 0 0 0 ns 

IcFH DSF Hold Time referenced to CAS 15 15 15 ns 

~s Write-Per-Bit Mask Data Setup Time 0 0 0 ns 

~H Write-Per-Bit Mask Data Hold Time 15 15 15 ns 

tTHS DT High Setup Time 0 0 0 ns 

tTHH DT High Hold Time 15 15 15 ns 

tTLS DT Low Setup Time 0 0 0 ns 

3-152 



MOSEL-VITELIC V52C8128 

AC Electrical Characteristics (Confd) 

V52C8128-70 V52C8128-80 V52C8128-10 

Symbol Parameter Min. Max. Min. Max. Min. Max. Unit Notes 

tTLH DT Low Hold Time 15 10K 15 10K 15 10K ns 

tRTH DT Low Hold Time referenced to RAS 60 10K 65 10K 80 10K ns 

(Real Time Read Transfer) 

tATH DT Low Hold Time referenced to Column Address 25 30 30 ns 
(Real Time Read Transfer) 

IcTH DT Low Hold Time referenced to CAS 20 25 25 ns 
(Real Time Read Transfer) 

IESR SE Setup Time referenced to RAS 0 0 0 ns 

~EH SE Hold Time referenced to RAS 15 15 15 ns 

tTRP DT to RAS Precharge Time 60 60 70 ns 

tTP DT Precharge Time 20 20 30 ns 

tRso RAS to First SC Delay Time (Read Transfer) 70 80 100 ns • tASO Column Address to First SC Delay Time 45 45 50 ns 
(Read Transfer) 

Icso CAS to First SC Delay Time (Read Transfer) 20 25 25 ns 

tTSL Last SC to DT Lead Time 5 5 5 ns 
(Real Time Read Transfer) 

ITSO DT to First SC Delay Time (Read Transfer) 15 15 15 ns 

tSRS Last SC to RAS Setup Time (Serial Input) 25 25 30 ns 

IsRO RAS to First SC Delay Time (Serial Input) 20 20 25 ns 

Isoo RAS to Serial Input Delay Time 40 40 50 ns 

Isoz Serial Output Buffer Turn-Off Delay from RAS 10 40 10 40 10 50 ns 8 
(Pseudo Write Transfer) 

!sec SC Cycle Time 30 30 30 ns 

tsc SC Pulse Width (SC High Time) 10 10 10 ns 

Iscp SC Precharge Time (SC Low Time) 10 10 10 ns 

tSCA Access Time from SC 25 25 25 ns 7 

!soH Serial Output Hold Time from SC 5 5 5 ns 

tsos Serial Input Setup Time 0 0 0 ns 

!sOH Serial Input Hold Time 15 15 15 ns 

tSEA Access Time from SE 25 25 25 ns 7 

!sE SE Pulse Width 25 25 25 ns 

tSEP SE Precharge Time 25 25 25 ns 

!sEl Serial Output Buffer Turn-Off Delay from SE 0 20 0 20 0 20 ns 8 

islE Serial Input to SE Delay Time 0 0 0 ns 

3-153 



MOSEL-VITELIC V52C8128 

AC Electrical Characteristics (Cont'd) 

V52C8128-70 V52C8128-80 V52C8128-10 

Symbol Parameter Min. Max. Min. Max. Min. Max. Unit Notes 

tszs Serial Input to First SC Delay Time 0 0 0 ns 

isws Serial Write Enable Setup Time 5 5 5 ns 

tSWH Serial Write Enable Hold Time 15 15 15 ns 

isWIS Serial Write Disable Setup Time 5 5 5 ns 

isWIH Serial Write Disable Hold Time 15 15 15 ns 

isTS Split Transfer Setup Time 25 30 30 ns 

tSTH Split Transfer Hold Time 25 30 30 ns 

tSQD SC-QSF Delay Time 25 25 25 ns 

tTQD DT -aSF Delay Time 25 25 25 ns 

leaD CAS-QSF Delay Time 35 35 35 ns 

~QD RAS-QSF Delay Time 75 75 85 ns 
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MOSEL-VITELIC V52C8128 

Notes 
1 . These parameters depend on cycle rate. 

2. These parameters depend on output loading. Specified values are obtained with the output open. 

3. An initial pause of 200/lS is required after power-up, followed by any 8 RAS cycles (DT/OE "high") and 

any 8 SC cycles before proper device operation is achieved. In case of using internal refresh counter, a 

minimum of 8 CAS-before-RAS initialization cycles instead of 8 RAS cycles are required. 

4. AC measurements assume tr = 5 ns. 

5. V1H (min.) and V1L (max.) are reference levels for measuring timing of input signals. Also, transition times 

are measured between V1H and V1L. 

6. RAM port outputs are measured with a load equivalent to 1 TTL load and 100 pF. Dour reference levels: 

VOWVOL = 2.0V/0.8V. 

7. SAM port outputs are measured with a load equivalent to 1 TTL load and 30 pF. Dour reference levels: 

VoHNOL = 2.0V/0.8V. 

8. toFF (max.), toEZ (max.), tSDZ (max.) and tSEZ (max.) define the time at which the outputs achieve the 

open circuit condition and are not referenced to output voltage levels. 

9. Either tRCH or tRRH must be satisfied for a read cycle. 

10. These parameters are referenced to CAS leading edge of early write cycles and to WBIWE leading edge 

in OE-controlled write cycles and read-modify-write cycles. 

11. twcs, tRwD, tCWD and tAwD are not restrictive operating parameters. They are included in the data sheet 

as electrical characteristics only. If twcs ~ twcs (min.), the cycle is an early write cycle and the data out 

pin will remain open circuit (high impedance) throughout the entire cycle. If tRWD ~ tRWD (min.), leWD ~ 

tCWD (min.) and tAWD ~ tAWD (min.), the cycle is a read-modify-write cycle and the data out will contain 

data read from the selected cell. If neither of the above sets of conditions is satisfied, the condition of the 

data out (at access time) is indeterminate. 

12. Operation within the tRCD (max.) limit ensures that tRAC (max.) can be met. tRCD (max.) is specified as a 

reference point only; if tRCD is greater than the specified tRCD (max.) limit, then access time is controlled 

by tCAC. 

13. Operation within the tRAD (max.) limit ensures that tRAC (max.) can be met. tRAD (max.) is specified as a 

reference point only; if tRAD is greater than the specified tRAD (max.) limit, then access time is controlled 

by tAA• 
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MOSEL-VITELIC 

TIMING WAVEFORMS 

Read Cycle 

~------------------tRC------------------~ 

~--------- tRAS-------~ 

V�H------.I 14---- tAR -----------~ 

VIL-

14------ tcSH -------t--~I 

ACl-Aa 

DSF 

IN VIH
I VIL --""""--L...'-L....L...I...,............."... 

W11101-
walloa 

LOUT VOH-_________ OPEN ____ --<I VALID DATA-OUT 

VOL -,c---------~ 

rlTIIJ : "H" OR "L" 
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MOSEL-VITELIC V52C8128 

Write Cycle (Early Write) 

~-------------------tRC--------------------~ 

~---------- tRAS --------------.. 1 

VIH_~-------:LI4---- tAR ------------~ 

VIL-

~--------- tcSH --------11---1 

14------ tRCD ------,_-
VIH----+--++------........ -... 

AD-A8 

DSF 

IN VIHI VIL

W1/101-
W8/108 1+--------tDHR--------•• 1 

1+----- tcPN 

LOUT VOH-_____________ _ _____________ _ 
VOL- OPEN 

*1 WB/wE W1/101-W8/108 

D WM1 data 

1 Don't Care 

WMI data: 0: Write Disable 
1: Write Enable 
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VI/I] : "H" OR "L" 

Cycle 

Write per bit 

Normal Write 

• 



MOSEL-VITELIC V52C8128 

Write Cycle (OE Control/ed Write) 

~----------tRC------------~ 

~--------IRAS--------+I 

~--~:LI-4I------ tAR -----+I 
RAS 

VIH-

VIL-

1+--------tcSH---+---~ 

CAS 
VIH-

VIL-

AD-A8 
VIH-

VIL-

WBIWE 
vIH-

VIL-

OTIOE 
VIH-

VIL-

OSF 

IN VIH-

~ VIL-~~·~ __ T-~-~~~~~~~·~~~~-'-~~~~~~~~~ 
W1/101-
W8/108 

LOUT VOH-_____________ OPEN _______________ _ 

VOL-

*1 WBIWE W1/101-W8/108 

D WM1 data 

1 Oon'tCare 

WM1 data: 0: Write Disable 
1: Write Enable 
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VI/I] : "H" OR "L" 

Cycle 

Write per bit 

Normal Write 



MOSEL-VITELIC 

Read-Modify-Write Cycle 

RAS 
VIH-

VIL-

CAS VIH-

AQ-AS 

DSF 

IN VIH-I VIL

W1/101-
WS/IOS 

tRMW 

tRAS 

tAR 

teSH 

LOUT VOH - ____ .:..-_ 
VOL-

--
"1 WBIWE W1/101-WSIIOS 

0 WM1 data 

1 Don't Care 

WM1 data: 0: Write Disable 
1: Write Enable 
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tRSH 

teAS 

Cycle 
V //lJ : "H" OR "L" 

Write per bit 

Normal Write 



MOSEL-VITELIC V52C8128 

Fast Page Mode Read Cycle 

~ trHH 

\///')1 /1/lllh JI///I/i>l /111//// 
IFSC - 1- IFSC I.. II ~C L 
M~ ~~M teFrl+--1I7i7>l teFH-~///////1 

DT/OE 
VIH 

~I VIL 

DSF 
VIH f VIL 

tePA tePA 
,IN 
I toEAt+ +- toFF __ !£EA 5>fF ~ I!9EA I - I~ toFF 

W11101- ICACI_ ~ ~ ~ ~ ~ ~ I""'""" I;;;EZ 1""'"""' 

walloa +-IAA- toEZ +-+ a ~a ~ 
LOUT VOH- 1+ IRAC ___ --<I .. DATA-oUT _1M DATA-oUT _1M -ill DATA-oUT 

VOL --OPEN 1 2 n ~--

rlllJ] : "H" OR "L" 
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MOSEL-VITELIC 

Fast Page Mode Write Cycle (Early Write) 

~--------------------tRASP--------------------~ 

V,H-:------:loL 14---- , ..... 1---- tpc -----+I 
V'L-

AO-AS 

DSF 

IN V'HI V'L

W11101-
W81108 

V52C8128 

LOUT VOH-______________ OPEN _____________ _ 

VOL 

--
*1 WB/WE W11101-W81108 

0 WM1 data 

1 Don't Care 

WMI data: 0: Write Disable 
1: Write Enable 
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Cycle 
rill;] : "H" OR "L" 

Write per bit 

Normal Write 



MOSEL-VITELIC V52C8128 

Fast Page Mode Read-Modify-Write Cycle 

~------------------------tRASP----------------------~ 

AD-A8 

DSF 

liN 

W1/101-
W8/108 

I~---- tcSH +-----+1 

LOUT VOH-_-+-___ --<J 
VOL-

'1 WBIWE W1/101-W8/108 

0 WM1 data 

1 Don't Care 

WM 1 data: 0: Write Disable 
1: Write Enable 
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tRP 

Cycle 
VIllA : "H" OR "L" 

Write per bit 

Normal Write 



MOSEL-VITELIC 

RAS Only Refresh Cycle 
t+---------tRC 

VIH-----,I 

VIL-

tcRP 

1+------- tRAS ------+( 

V52C8128 

Wl/101- VOH-_____________ _ _____________ _ 
W8II08 VOL _ OPEN 

~:"H"OR"l" 

CAS before RAS Refresh Cycle 
1+---------tRC----------------~ 

NOI-------tRAS----~~ 

tCSR 

DSF 

Wl/101- VOH- I}---------- OPEN __________ _ 
wa/ioa VOL -'------"""""f 

Note: AO - AS = Don't care ("H" or"L ") Fl//I1 : "H" OR "l" 
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MOSEL-VITELIC V52C8128 

Hidden Refresh Cycle 

~-----tRC-----~H+------tRC-----~ 

VIH-~--~I+---- tRAS ---.t ,_-" 1-11----- tRAS ---+II ~=:!J 
1\/4-- tAR ---+I 

VIL-

tRSH 

DSF 

W1/101- VOH

W8II08 VOL ------''r 

f'////1 : "H" OR "L" 
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MOSEL-VITELIC 

Load C%r Register Cycle 
~----------------,~------------------------~ 

RAS 

~---------------'~s--------------~ V'H_----.,L L,-------l 
VIL-

CAS 
v,H_:--4--++-----------r-. 

AD-AS 

WBIWE 

DT/OE 

DSF 
V'H..rMi--"'+--±T7-rT7+r7-rT7-rr7'-J,-.,....,""T.,....,""T~rr~rr...-,rr...-,rr~ 
V'L-

V'H_ . .....,--r-r-T-r"M-r"r7-r"r7-r"-h+r7""' Jk-....!...!---------,,L r...-,rr"7""Crr"7""Cr-T"7""Cr-T .... 

I V'L -LL.L.LL.L~='t[~:==+=+:=~~-;,:;::~'<...L.L..£...L.LL.l.....t....L...r....L...i.W 
WlII01-
W8II08 

L V'H .J"""'r-r"""''-'''"r""7-r-r-r-r-r-. ~-'---'-----,/~-r-.,.....,--r-r-r....,...,.....,....,...,,-,...,.....,--r-r-r~ 

V'L -LL...L.L..l...L.L..l...L.L..l...L.LJ 1'-________ -'t"'C...L...L.L..l...-L..L..l...-L...L..J....-L...L..J....L..L..J....L..L..J.L. 

(EartyWrite) 

~:"H"OR"L" 

Read C%r Register Cycle 
~-----~c----------------------~ 
~--------- tRAS ------..... 

V52C8128 

RAS V'H_:-------.L .lc---...... :i. 
V'L- '--__ _ 

V'H_::-----~~U~=~~==::::t-
V'L -'--___ J 

AD-A8 V'L ""!.....L.L.L...L.LJ 1'=-----r-r-__ "I'L..L..L...'-4+L.L....LL..i....LL..i....L.f...''-''-..t...,.L.L...L.L.L...L.L..i.....i.... 

DT/OE 

DSF 

V'H ,...,....,.. ........ .,....., ....... -Ir-....:.++"----'=-....:..!r-r ........ +-. ....... 
V'L-~-L..L..J....L.J 

W1/I01- VOH-_______ +-__________ ~ 
WBlI08 VOL - ____ -+1"--------..z 

~----tRAC 

fZZZLl : "H" OR "L" 
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WM1 DATA Cycle 

0 Flash Write Disable 

1 Flash Write Enable 

3-166 



MOSEL-VITELIC 

Block Write Cycle 

RAS 
VIH-
VIL-

CAS 

AO-A8 
VIH 

WBNJE 
VIH 

DT/OE 

DSF 
VIL 

liN 
VIH-
VIL 

W11101-
W8II08 

LOUT VOH-
VOL-

tRe .. tRAS .. tAR 

tcSH 
tReD tRSH 

tCAS 

tRAL 

OPEN 

--
*1 WBNJE *2 W1/101-W8/108 Cycle 

0 WM1 data Masked Block Write 

1 Don't Care Block Write (Non Mask) 

WM 1 data: 0: Write Disable 
1: Write Enable 

*3) Column Select 

W11101 - Column 0 (A1C = 0, Aoc = 0) } 
W21102 - Column 1 (A1C = 0, Aoc = 1) 
W31103 - Column 2 (A1c = 1, Aoe = 0) 
W41104 - Column 3 (A1C = 1, Aoc = 1) 
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WnllOn 
= 0: Disable 
= 1 : Enable 

V52C8128 

• 

f71A : "H" OR "L" 



MOSEL-VITELIC V52C8128 

Page Mode Block Write Cycle 

VIH---~ ~--------- tRASP-----------.j 

VIL-

AD-A8 

DSF 

WlII01- VIH 
W8/108 VIL-

--~~--t~-----~ 
-t----,---+-~ 

'1 WBIWE '2 W1/101-W8/108 Cycle 

0 WM1 data Masked Block Write 

1 Don't Care Block Write (Non Mask) 

WMl data: 0: Write Disable 
1: WrRe Enable 

'3) Column Select 

W1/101 - Column 0 (Ale = 0, Aoc = 0) } 
W2/102 - Column 1 (Ale = 0, Aoc = 1) 
W3/103 - Column 2 (Ale = 1, Aoc = 0) 
W4/104 - Column 3 (Ale = 1, AOC = 1) 
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Wn/lOn 
= 0: Disable 
= 1: Enable 

Vii jj : "H" OR "L" 



MOSEL-VITELIC V52C8128 

Read Transfer Cycle (Previous Transfer is Write Transfer Cycle) 

~--------tRC--------------------------------~ 

VIH------.I ~------- tRAS -----------------------.1 i?---"""'--"\I 

VIL _ tAR ----------~ 

~-------------~SH----~----___.I 

~---- tRCD ------t"/<f-- tRSH -f-------t-._\ 

AD-A8 

DT/OE 

DSF 

W1/101- VOH
W8/108 VOL -~-----:'r 

sc VIH-

IN VIH
I VIL -, ~--lo~i:Ul..-T'r'-L...L...I.~.LJ....L..L...L...Lrc....L..L...J.:....L..L...I.+-~ 

S101-
SI08 

LOUT VOH-________ -r ____________________________ ~----~ 
VOL- ~~~~'r 

~-----------tRQD------------._\ 

QSF VOH- TAP MSB (A7l VOL-____________________________ -J~------------

Note: SE = VIL 

VIIIJ : "H" OR "L" 
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MOSEL-VITELIC V52C8128 

Real Time Read Transfer Cycle 

~----------tRC----------------------------------~ 

VIH-:----"llI .... I----------- tRAS -----------------------+11-'-.......;.;'---""-
VIL _ .. IAR ------~ 

1.-------------- teSH --t---------~ 
1.-------tRCD----~+---~--tRSH----~--~ 

r-~--~----+-~ 
,~----+_- teAS ----~, 

AD-A8 

DT/OE 
VIH 

DSF VIH 

W1/101- VOH
W8/108 VOL -~ __ ~ 

SC VIL-

IN VIH-_____ t-________ _ 
I VIL

S101-
SI08 

LOUT VOH
VQL-

----------------- Previous Row Data --------1----... 1-- New Row Data 

QSF VOH- TAP MSB (Al) 
VOL-~ _________________ _J ~-------------

Note: SE = VIL 

VZlI2 : "H" OR "L" 
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MOSEL-VITELIC 

Split Read Transfer Cycle 

RAS VIH-

VIL-

CAS VIH-

VIL-

AD-A8 VIH-

VIL 

WBIWE 

DSF 

SC 

~--------------tRC--------------~ 

~----------tRAS----------~ 

~------~R--------~ 

~------ tcSH ---------j----./ 

V52C8128 

S101- VIH-~~-....Ir--;::::--"'\. r---,,..--"'\. r~-:-"" r--:-"" r--"" r---:-::::-"" r-':-::±-" r~~"'\. 
SI08 VIL ---..,~L...J I'-~~ '\....l:.:":"":":;::JJ '\..l:.:..:....:.:~ '\...I::.';:;":'::'::J,J '--_~ '--l=~ """--lR-.J '--l=~ 

QSF VOH-

VOL -.---------'"""f-------!--.A-------------------JI 

Note: SE = VIL Lower SAM 0 - 127 

Upper SAM 128 - 255 
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MOSEL-VITELIC V52C8128 

Pseudo Write Transfer Cycle 

~---------tRe------------------------------------~ 

VIH-,...-----,I i-oIf----- tRAS -----------------~ 1r=:;;...:J;==::;) 
VIL _ IAR -------I~ 

1+--------------- tcSH ----_+------+1 
i+-----tReD-----~._tRSH_+---_+--~ 

r-~--~------~ 

AD-A8 ROW ADDRESS 

tRWH 

trLH 

tRFH 

DSF 

W1/101- VOH
W8/108 VOL _,-__ ~I>-I+--------+-- OPEN 

S101-
SI08 

SC Inhibit Rising Transient 

tESR tREH 

VIH--,-~=~:t...t=!:::::=~-'-T""T-'-T""T-+-T""T-'-r-7-'--r-7-'--r-7""""'" 
VIL-

IN VIH-___ +-_+-_____ I--_-+<l1 
VIL-

LOUT VOH- VALID I}----+-------- OPEN --4---------
VOL-~~~~~,_~~D~A~T~A~~U~T~ 

teoD 

1~~---tROD--~--------~ 

QSF VOH- TAPMSB(A7) 
VOL-'-____________________ ~---------J~------------_4------------------

Serial Output Data -----; ~ Serial Input Data 

V/IJ'j : "H" OR "L" 
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Write Transfer Cycle 

~---------tRC----------------------------------~ 

VIH------.I ""1--------- tRAS ------------------------.t 1r--""'-"'---"'iI 

VIL _ - tAR -------.t 

~---------~H----~----~ 

~!:~~~~::::~I~R~CD~:::;~~-tRSH-r---~;~~++--~------~ 

AO-A8 

DSF 

W1/101- VIH -
W8I108 VIL - ~--------~---OPEN------------_r~---------------

SC 

IN I '-';;"'-==--il"":, '-'--'_L..L....L_~.k.L_'__'....L_I.:....Lr'-L..L....L-~.k.L~ .... -='-'.:.;..::.:..,.JI 

S101- I"'~r---- tRQD-------+I 
SI08 : 

LOUT VOH-_____ .... : _______ OPEN _-+-______ -+-______ _ 
VOL-

QSF VOH- TAP MSB (A7) 
VOL--__________ ~------------------J-~------------~-----------------

Previaus~ 
Row Data : 

WM1 data: 0: Transfer Disable 
1: Transfer Enable 
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Split Write Transfer Cycle 

~---------------tRC--------------~ 

1+-----------tRAs -----------+1 

RAS ~--------JT----1k~4------~R--------~ VIH-

VIL-

j-.------tcsH ---------+---+1 

CAS VIH-

VIL-

AD-AB 
VIL 

WBNJE 

DT/OE 

DSF 

W1/I01-
WB/IOB 

SC 

QSF VOH-

VOL -. ••••••• j-,c..----------'-/'--A----------------------------------.JI 

V52C8128 

Note: SE = VIL Lower SAM 0 - 127 VIlA : "H" OR "L" 

WM DATA: 0: Transfer Disable 
1: Transfer Enable 
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Serial Read Cycle (SE = V,J 

RAS 
VIH------------------·L 

VIL-

DT/OE 

SC 

S101- VOH
SI08 VOL-

Note: SE = VIL 

Serial Read Cycle (SE Controlled Outputs) 

DT/OE 

SC VIL-

SE VIH-
VIL -____ -+ __ --' 

IN VIH-____ -+ ___ -l ___ -< 
I VIL-

8101-
SI08 

LOUT VOH
VOL-
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Vl7//l : "H" OR "L" 

VlJIJ : "H" OR "L" 
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Serial Write Cycle (SE = V,J 

VIH-----------------"L 

VIL-

VIH r-._r..,.....,r""7"~~_r_r_._r..,.....,_r..,.....,r""7"~"....-------f_7__r_r_._r_r_._r..,.....,r""7"_r_~_r__r_ 

DT/OE 

SC 

S101- VIH
SI08 VIL-

Serial Write Cycle (SE Controlled Inputs) 

- VIH-:-----------------:L 

RAS VIL-

trHS trHH 

VT//J : "H" OR "L" 

VIH __ _r~~~r7~~_r~~~~~~r----~b_~_r~~~~~r7~~~ 

DT/OE VIL ~ ........ ""_' ........ ""_' ........ ""_' ........ ""_' ........ .L...I. ........ .L..U 

SC 

IN VIHI VIL-

S101-
SI08 

LOUT VOH-_______________ OPEN _____________ _ 

VOL 

VIA : "H" OR "L" 
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Pin Functions 

Address Inputs: AO-A8 
The 17 address bits required to decode 8 bits ofthe 

1,048,576 cell locations within the dynamic RAM 
memory array of the V52C8128 are multiplexed onto 
9 address input pins (Ao-A8)' Nine row address bits 
are latched on the falling edge of the row address 
strobe (RAS) and the following eight column address 
bits are latched on the falling edge of the column 
address strobe (CAS). 

Row Address Strobe: RAS 
A random access cycle or a data transfer cycle 

begins at the falling edge of RAS. RAS is the control 
inRut that latches the row address bits and the states 
of CAS, DT/OE, WBIWE, SE and DSF to invoke the 
various random access and data transfer operating 
modes shown in Table 2. RAS has minimum and 
maximum pulse widths and a minimum precharge 
requirement which must be maintained for proper 
device operation and data integrif.Y:.l!.1e RAM port is 
placed in standby mode when the RAS control is held 
"high". 

Column Address Strobe: CAS 
CAS is the control input that latches the column 

address bits and the state of the special function 
input DSF. DSF is used in conjunction with the RAS 
control to select either read/write operation or the 
special Block Write feature on the RAM port when 
DSF is held "low" at the falling edge of RAS. Refer to 
the operation truth table shown in Table 1. CAS has 
minimum and maximum pulse widths and a minimum 
precharge requirement which must be maintained 
for proper device operation and data integrity. CAS 
also acts as an output enable forthe output buffers on 
the RAM port. 

Data Transfer/Output Enable: DT/OE 
The DT/OE input is a multifunction pin. When 

DT/OE is "high" at the falling ed~ of RAS, RAM port 
operations are performed and DT/OE is used as an 
output enable control. When the DT /OE is "low" at the 
falling edge of RAS, a data transfer operation is 
started between the RAM port and the SAM port. 

Write Per BitlWrite Enable: WB/WE 
-Ihe WBIWE input is also a multifunction pin. When 
WBIWE is "high" at the falling edge of RAS, during 
RAM port operations, it is used to write data into the 
memory array in the same manner as a standard 
DRAM. When WBIWE is "low" at the falling edge of 

V52C8128 

RAS, during RAM port operations, the write-per-bit 
function is enabled. The WB/WE input also 
determines the direction of data transfer between the 
RAM arr~nd the serial register (SAM). __ 

When WBIWE is "high" at the falling edge of RAS, 
the data is transferred from RAM to SAM (read 
transfer). When WBIWE is "low" at the falling edge of 
RAS, the data is transferred from SAM to RAM 
(masked write transfer). 

Write Mask Data/Data Input and Output: 
W1/I01-Wa/IOa 

When the write-per-bit function is enabled, the 
mask data on the W/lOj pins is latched into the write 
mask register (WM 1) atthe falling edge of RAS. Data 
is written into the DRAM on data lines where the 
write-mask data is a logic "1". Writing is inhibited on 
data lines where the write-mask data is a logic "0". 
The write-mask data is valid for only one cycle. Data 
is written into the RAM port during a write or read
modify-write cycle. The input data is latched at the 
falling edge of either CAS or WBIWE, whichever 
occurs late. During an early-write cycle, the outputs 
are in the high-impedance state. Data is read out of 
the RAM port during a read or read-modify-write 
cycle. The output data becomes valid on the W/IOj 

p!!!s after the specified access times from RAS, CAS, 
DTIOE and column address are satisfied and will 
remain valid as long as CAS and DT/OE are kept 
"low". The outputs will return to the high-impedance 
state at the rising edge of either CAS or DT/OE, 
whichever occurs first. 

Serial Clock: SC 
All operations of the SAM port are synchronized 

with the serial clock SC. Data is shifted in or out of the 
SAM registers at the rising edge of SC. In a serial 
read, the output data becomes valid on the SIO pins 
after the maximum specified serial access time tSCA 
from the riSing edge of SC. The serial clock SC also 
increments the 8-bits serial pOinter (7-bits in split 
register mode) which is used to select the SAM 
address. The pOinter address is incremented in a 
wrap-around mode to select sequential locations 
after the starting location which is determined by the 
column address in the normal transfer cycle. When 
the pointer reaches the most significant address 
location (decimal 255), the next SC clock will place it 
at the least significant address location (decimal 0). 
The serial clock SC must be held at a constant V,H or 
V,L level during read/pseudo write/write transfer 
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operations and should not be clocked while the SAM 
port is in the standby mode, to prevent the SAM 
pOinter from being incremented. 

Serial Enable: SE 
The SE input is used to enable serial access 

operation. In a serial read cycle, SE is used as an 
output control. In a serial write ~e, SE is used as 
a write enable control. When SE is "high", serial 
access is disabled, however, the serial address 
pOinter location is still incremented when SC is 
clocked even when SE is "high". 

Special Function Control Input: DSF 
The DSF input is latched at the falling edge of RAS 

and CAS and allows for the selection of various 
random port and data transfer operating modes. In 
addition to the conventional multiport DRAM, the 
special features, consisting of flash write, block write, 
load/read color register and split read/write transfer 
can be invoked. 

Operation Mode 

The RAM port and data transfer operating of the 
V52C8128 are determined by the state of CAS, DT/ 
OE, WBIWE, SE and DSF at the falling edge of RAS 

V52C8128 

Special Function Output: QSF 
aSF is an output signal which, during split register 

mode, indicates which half of the split SAM is being 
accessed. aSF "low" indicates that the lower split 
SAM (Bit 0-127) is being accessed, and aSF "high" 
indicates that the upper split SAM (Bit 128-255) is 
being accessed. aSF is monitored so that after it 
toggles and after allowing for a delay of tSTS, split 
read/write transfer operation can be performed on 
the non-active split SAM. 

SeriallnputlOutput: S101-5108 
Serial input and output share common I/O pins. 

Serial input or output mode is determined by the most 
recent read, write or pseudo write transfer cycle. 
When a read transfer cycle is performed, the SAM 
port is in the output mode. When a write or pseudo 
write transfer cycle is performed, the SAM port is 
switched from output mode to input mode. During the 
subsequent write transfer cycle, the SAM remains in 
the input mode. 

and by the state of DSF at the falling edge of CAS. 
The Table 1 and Table 2 show the operation truth 
table and the functional truth table for a listing of all 
available RAM port and transfer operations, 
respectively. 

Table 1. Operation Truth Table 

I CAS Falling Edge ~ OS 
I HAS Falling Edge ~ OS 0 0 1 1 

~~~WB7WN1~ 0 1 0 1 

0 . . · CA8-before-RAS Refresh 

1 0 0 0 Masked Write Transfer Split Write Transfer Masked Write Transfer Split Write Transfer with 

1 0 0 1 Pseudo Write Transfer With Mask Pseudo Write Transfer Mask 

1 0 1 · Read Transfer Split Read Transfer Read Transfer Split Read Transfer 

1 1 0 · ReadlWrite per Bit Masked Flash Write Masked Block Write Masked Flash Write 

1 1 1 · ReadlWrite Load/Read Color Block Write Load/Read Color 

3-178 



MOSEL-VITELIC 

Table 2. Functional Truth Table 

RASl CASl 

Function CAS DT/DE WB/WE DSF SE DSF 

CAS-before-RAS Refresh 0 . . . · -

Masked Write Transfer 1 0 0 0 0 · 
Pseudo Write Transfer 1 0 0 0 1 · 
Split Write Transfer 1 0 0 1 · · 
Read Transfer 1 0 1 0 · · 
Split Read Transfer 1 0 1 1 · · 
Write per Bit 1 1 0 0 · 0 

Masked Block Write 1 1 0 0 · 1 

Masked Flash Write 1 1 0 1 · · 
ReadlWrite 1 1 1 0 · 0 

Block Write 1 1 1 0 · 1 

LoadJRead Color 1 1 1 1 · · 
Note:· = "0" or "1". TAP = SAM Start Address. - = not used. 

If the special function control input (DSF) is in the 
"low" state at the falling edges of RAS and CAS, 
only the conventional multiport DRAM operating 
features can be invoked: CAS-before-RAS refresh, 
write transfer, pseudo-write transfer, read transfer, 
write per bit and readiwrite modes. If the DSF input 

V52C8128 

Address WilD Regisler 

RAS, CASl RASl CASl CASl Write WM1 Color 

WEl Mask 

. - · - - - - -
Row TAP WMl · · WMl Load 

use -

Row TAP · · · - - -

Row TAP WM1 - · WM1 Load -
use 

Row TAP · · · - - -

Row TAP · · · - - -

Row Column WM1 - DIN WM1 Load -
use 

Row Column WM1 Column - WM1 Load use 
I>2C-7C Select use 

Row . WM1 - · WMl Load use 
use 

Row Column · - DIN - - -

Row Column · Column - - - use 
A2C-7C Select 

Row . · - Color - - Load/Read 

is "high" at the falling edge of RAS, special features 
such as split write transfer, split read transfer, flash 
write and load/read color register can be invoked. If 
the DSF input is "low" at the fa~ edge of RAS and 
"high" at the falling edge of CAS, the block write 
special feature can be invoked. 
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RAM Port Operation 

Fast Page Mode Cycle 
Fast page mode allows data to be transferred into 

or out of multiple column locations of the same row 
by performing multiple CAS cycles during a single 
active RAS cycle. During a fast page cycle, the RAS 
Signal may be maintained active for a period up to 
100 J.IS. For the initial fast page mode access, the 
output data is valid after the specified access times 
from RAS, CAS, column address and DT/OE. For 
all subsequent fast page mode read operations, the 
output data is valid after the specified access times 
from CAS, column address and DT/OE. When the 
write-per-bit function is enabled, the mask data 
latched at the falling edge of RAS is maintained 
throughout the fast page mode write or read
mOdify-write cycle. 

RA5-0nly Refresh 
The data in the DRAM requires periodic 

refreshing to prevent data loss. Refreshing is 
accomplished by performing a memory cycle at 
each of the 512 rows in the DRAM array within the 
specified 8ms refresh period. Although any normal 
memory cycle will perform the refresh operation, 
this function is most easily accomplished with the 
"RA8-0nly" cycle. 

CA8-before-RAS Refresh 
The V52C8128 also offers an internal-refresh 

function. When CAS is held "low" for a specified 
period (tcSR) before RAS goes "low", an internal 
refresh address counter and on-chip refresh control 
clock generators are enabled and an internal 
refresh operation takes place. When the refresh 
operation is completed, the internal refresh address 
counter is automatically incremented in preparation 
for the next CAS-before-RAS cycle. For successive 
CAS-before-RAS refresh cycles, CAS can remain 
"low" while cycling RAS. 

V52C8128 

Hidden Refresh 
A hidden refresh is a CAS-before-RAS refresh 

performed by holding CAS "low" from a previous 
read cycle. This allows for the output data from the 
previous memory cycle to remain valid while 
performing a refresh. The internal refresh address 
counter provides the address and the refresh is 
accomplished by cycling RAS after the specified 
RAS-precharge period (refer to Figure 1.) 

Write-Par-Bit Function 
The write-per-bit function selectively controls the 

internal write-enable circuits of the RAM port. When 
WBIWE is held "low" at the falling edge of RAS, 
during a random access operation, the write-mask 
is enabled. At the same time, the mask data on the 
W~IOj pins is latched into the write-mask register 
(WM1). When a "0" is sensed on any of the Wy'IOj 
pins, their corresponding write circuits are disabled 
and new data will not be written. When an "1" is 
sensed on any of the WllOj pins, their 
corresponding write circuits will remain enabled so 
that new data is written. The truth table of the write
per-bit function is shown in Table 3. 

At the falling edge of RAS 

CAS DT/OE WBIWE WillOI Function 
(i = 1-a) 

H H H . Write Enable 

1 Write Enable 
H H L 

0 Write Mask 

Table 3. Truth Table for Write-Per-Bit Function 

RAS ~ Memory Cycle ~ Refresh Cycle ~ Refresh Cycle --r-
\~------------------~/ 

W11101- ----~('_ _______ v_a_lid_D_a_ta_O_utp_u_t ______ __')>---walloa ~ . 
Figure 1. Hidden Refresh Cycle 
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An example of the write-per-bit function illustrating 
its application to displays is shown in Figures 2 and 3. 

CAS : H ~'-__ ..Jr--
, , 

Ao-AB~ , , 
I ' 

DT/OE :H 
DSF iL 

WBIWE :m. jL ~ 
W 1/101 :m.M~Sk~M'400Wffi 

, ' 

W2/102 '@w~e'«!ZZ(d"1"~ri!eW~4 
, , 

W.yI03 %~SkP~M/~4 , , 

WJI04 Ww~eWA'>, "o'~rileb000/ffA 
, , 

We/I05 :m.M,:"kP$~d 
6 : 

WallOs '@wrile '«!ZZ(d '1' wrneV$%M 
, ' 

W7/1O, %Miskff~~4W4 
WallOa Ww~e wA'>, '0" ~rile t0000/A 

L lWrite 
W;lIOi = L : Write Mask 
W;lIOi = H : Write 

Figure 2. Write-per-bit timing cycle 

Load Color Register/Read Color Register 
The V52C8128 is provided with an on-chip 8-bits 

register (color register) for use during the flash write 
or block write operation. Each bit of the color 
register corresponds to one of the DRAM I/O 
blocks. The load color register cycle is initiated by 
holding CAS, W8IWE, DT/OE and DSF "high" at the 
falling edge of RAS. The data presented on the W/ 
10i lines is subsequently latched into t~color 
register at the falling edge of either CAS or W8IWE, 
whichever occurs late. The data stored in the color 
register can be read out by performing a read color 
register c~. Thi~ycle is activated by holding 
CAS, W8IWE, DT/OE and DS£.::.hi9!! at the falling 
edge of RAS and by holding W8IWE "high" at the 
falling edge of CAS and throughout the remainder 
of the cycle. The data in the color register becomes 
valid on the W/IOj lin~after the specified access 
times from RAS and DT/OE are satisfied. During 
the loadlread color register cycle, valid Ao-A8 row 
addresses are not required, but the memory cells 
on the row address latched at the falling edge of 
RAS are refreshed. 

V52C8128 

CRT Display 

00 00 00 00 00 00 
00 00 00 00 00 00 
00 00 00 00 ee eo 
00 00 00 oe oe 00 
00 00 00 eo oe 00 
00 00 oe ee ee 00 
00 gn ~~ ~I ~~ t-oo 
00 eo ~~ ~~ r 

I I 

'O'lniTI:~;: (M~koo) 
"1" Write 
No Write (Masked) 
"0" Write 
No Write (Masked) 

'-----"1" Write 
'-------No Write (Masked) 

Figure 3. Corresponding bit-map 

Flash Write 
Flash write is a special RAM port write operation, 

which in a single RAS cycle allows for the data in 
the color register to be written into all the memory 
locations of a selected row. Each bit of the color 
register corresponds to one of the DRAM 110 blocks 
and the flash write operation can be selectively 
controlled on an 110 basis in the same manner as 
the write-per-bit operation. 

A flash write cycle is performed by holding CAS 
"high", WBIWE "low" and DSF "high" at the falling 
edge of RAS. The mask data must also~rovided 
on the W/IOj lines at the falling edge of RAS in order 
to enable the flash write operation for selected I/O 
blocks (refer to Figures 4 and 5). 

Flash write is most effective for fast plane clear 
operations in frame buffer applications. Selected 
planes can be cleared by performing 512 flash write 
cycles and by specifying a different row address 
location during each flash write cycle (refer to 
Figure 6). Assuming a cycle time of 180ns, a plane 
clear operation can be completed in less than 
92.21JS. 
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, 
RAS--r~ __________ ~r--

CAS :H , , 

AO-A8~$A 

WBIWE ~ ;L~ffiY4 

DSF ?ZI !H''';~@W4W~h , , 
WVIOj ~4Wff4 

WM1 = L : Write Mask 
WM1 = H : Write 

Figure 4. Flash Write Timing 

~:~g~g~g~g~ 
I ~e __ I __ ~? ___ 1 ~e ____ ~1 

Write Enable I 
Write Disable 

Figure 5. Flash Write 

Frame I~ / 
Buffer \ / 

~Clear 

Figure 6. Plane clear application example 

Block Write 
Block write is also a special RAM port write 

operation which, in a single RAS cycle, allows for 
the data in the color register to be written into 4 
consecutive column address locations starting from 
a selected column address in a selected row. The 
block write operation can be selectively controlled 
on an I/O basis and a column mask capability is 
also available. 

A block write cycle is performed by holding CAS 
and DT/OE "high" and DSF "low" at the falling edge 
of RAS and by holding DSF :!!!9~t the falling 
edge of CAS. The state of the WBflNE input at the 
falling edge of RAS determines whether or not the 
I/O data mask is enabled (WBflNE must be "low" to 
enable the I/O data mask or "high" to disable it). At 

the falling edge of RAS, a valid row address and I/O 
mask data are also specified. At the falling edge of 
CAS, the starting column address location and 
column mask data must be provided. During a block 
write cycle, the 2 least significant column address 
locations (AOC and A 1 C) are internally controlled 
and only the six most significant column addresses 
(A2C-A7C) are latched at the falling edge of CAS. 
(Refer to Figure 7). 

An example of the block write function is shown in 
Figure 8 with a data mask on W1/101, W4/104, W6/ 
106, W7/107 and column 2. Block write is most 
effective for window clear and fill operations in 
frame buffer applications, as shown on Figure 9. 
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W1/101 

WilO2 

W.,yI03 

W';I04 

WrJlOs 

W,jI06 

W7/10r 

WwlOs 

RAS ----:, ~~,------~--------~I 

DSF 

W;lIOj ~G!~~~CQCoQiilu~mi!!n:§s~elect~)(;~~~~~~~ 
W1/101 : Column O} 

( H:NoMask) 
L : Mask Enable 

Mask Data Column 
Select 

0 1 

1 1 

1 0 

0 1 

1 -
0 -
0 -
1 -

W2/102 : Column 1 H : Write 
W:JI03 : Column 2 L : Write Mask 
WJI04 : Column 3 

Figure 7. Block Write Timing 

Color 
Register Data 

0 

0 ¢ f---f---4--~~--I 
1 

1 

1 

1 

0 

0 

Mask 
Figure 8. Example for Block Write Operation 

Figure 9. Example of Block Write Application 
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Fast Page Mode Block Write Cycle 
Fast page mode block write can be used to 

perform high speed clear and fill operaitons. The 
cycle is initiated by holding the DSF signal "low" at 
the falling edge of RAS and a fast page mode block 
write is performed during each subsequent CAS 
cycle with DSF held "high" at the falling edge 
of CAS. 

V52C8128 

If the DSF signal is "low" at the falling edge of 
CAS, a normal fast page mode read/write operation 
will occur. Therefore, a combination of block 
write and readlwrite operations can be performed 
during a fast page mode block write cycle (refer to 
Figure 10). 

RAS~~ __________________ ~~ ______________ ~r-
, 

DSF 

~ ____ ~y~ ____ ~"~ ________ ~y ________ ~J~ 

Block Write Cycle Read/Write Cycle Block Write Cycle 

Figure 10. Fast Page Mode Block Write Cycle 

SAM Port Operation 

The V52C8128 is provided with a 256 words by 8 
bits serial access memory (SAM) which can be 
operated in the single register mode or in the split 
register mode. 

Single Register Mode 
When operating in the single register mode, high 

speed serial read or write operations can be 
performed through the SAM port independent of the 
RAM port operations, except during read/write/ 
pseudo-write transfer cycles. The preceding 
transfer operation determines the direction of data 
flow through the SAM port. If the preceding transfer 
operation is a read transfer, the SAM port is in the 
output mode. If the preceding transfer operation is a 

write or pseudo write transfer, the SAM port is in the 
input mode. The pseudo write transfer operation 
only switches the SAM port from output mode to 
input mode; data is not transferred from SAM to 
RAM. 

Serial data can be read out of the SAM port after 
a read transfer (RAM ~ SAM) has been performed. 
The data is shifted out of the SAM port starting at 
any of the 256 bits locations. The TAP location 
corresponds to the column address selected at the 
falling edge of CAS during the read transfer cycle. 
The SAM registers are configured as circular data 
registers. The data is shifted out sequentially 
starting from the selected tap location to the most 
significant bit, and then wraps around to the least 
significant bit, as illustrated below. 

Start address,: Tap location 
, 
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Subsequent real-time read transfer may be 
performed on-the-fly as many times as desired, 
within the refresh constraints of the DRAM array. 
Simultaneous serial read operation can be 
performed with some timing restrictions. A pseudo 
write transfer cycle is performed to change the SAM 
port from output mode to input mode, in order to 
write data into the serial registers through the SAM 

SAM Port Operation DT/OE at the 
falling edge of RAS SC 

Serial Output Mode H JL 

Serial Input Mode H JL 

Serial Input Mode H JL 

V52C8128 

port. A write transfer cycle must be used 
subsequently to load the SAM data into the RAM 
row selected by the row address at the falling edge 
of RAS. The starting location in the SAM registers 
for the next serial write is selected by the column 
address at the falling edge of CAS. The truth table 
for single register mode SAM operation is shown in 
Table 4. 

SE Function Preceded by a 

L Enable Serial Read 
Read Transfer 

H Disable Serial Read 

L Enable Serial Write 
Write Transfer 

H Disable Serial Write 

L Enable Serial Write 

H Disable Serial Write 
Pseudo Write Transfer 

Table 4. Truth Table for SAM Port Operation 

Split Register Mode 
In split register mode, data can be shifted into or 

out of one half of the SAM while a split read or split 
write transfer is being performed on the other half of 
the SAM. A normal (non-split) read/write/pseudo 
write transfer operation must precede any split 
readlwrite transfer operation. The non-split read, 
write and pseudo write transfers will set the SAM 
port into output mode or input mode. The split read 
and write transfers will not change the SAM port 
mode set by the preceding normal transfer 
operation. RAM port operation may be performed 
independently except during split transfers. In the 

split register mode, serial data can be shifted in or 
out of one of the split SAM registers starting from 
any of the 128 tap locations, excluding the last 
address of each split SAM. Data is shifted in or out 
sequentially starting from the selected tap location 
to the most significant bit (127 or 255) of the first 
split SAM. Then the SAM pOinter moves to the tap 
location selected for the second split SAM, to shift 
data in or out sequentially starting from this tap 
location to the most significant bit (255 or 127), and 
finally wraps around to the least significant bit, as 
illustrated below. 

Tap I~cation T ap I~cation 

rt I I I mnm 14+--m I I I· I I I I 1 __ 1 I fEl nn __ I I I· I ~ 1 2 127 I ~12~8~~~--~--~~~~------~~~2~5~5 
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Refresh 
The SAM data registers are static flip-flop, 

therefore a refresh is not required. 

Data Transfer Operation 
The V52C8128 features two types of internal 

bidirectional data transfer capability between RAM 
and the SAM, as shown in Figure 11. During a 
normal transfer, 256 words by 8 bits of data can be 

512 
rows 

256 columns 
A 

512 x 256 x 8 
Memory Cell Array 

256 x 8 I/<--'\. L--____ --I1'r-Y 

a. Normal (Non-split) Transfer 

V52C8128 

loaded from RAM to SAM (Read Transfer) or from 
SAM to RAM (Write Transfer). During a split 
transfer, 128 words by 8 bits of data can be loaded 
from the lower/upper half of the RAM into the lower/ 
upper half of the SAM (Split Read Transfer) or from 
the lower/upper half of the SAM into the lower/ 
upper half of the RAM (Split Write Transfer). The 
normal transfer and split transfer modes are 
controlled by the DSF special function input Signal. 

512 
rows 

128 columns 128 columns 
~ 

512x128x8512x128x8 
Memory Memory 

Cell Array Cell Array 

L...-12_8_x _8 ___ ~ I 128 x 8 ~ y¢=> 

b. Split Transfer 

Figure 11. Transfer Operation 

As shown in Table 5, the V52C8128 supports five 
types of transfer operations: Read transfer, Split 
Read transfer, Write transfer, Split Write transfer 
and Pseudo Write transfer. Data transfer operations 
between RAM and SAM are invoked by holding the 
DT/DE signal "low" at the falling edge of RAS. The 
type of data transfer ~ration is determined by the 
state of CAS, WBIWE, SE and DSF which are 
latched at the falling edge of RAS. During normal 
data transfer operations, the SAM port is switched 
from input to output mode (Read Transfer) or output 
to input mode (Write Transfer/Pseudo Write 
Transfer), whereas it remains unchanged during 
split transfer operations (Split Read or Write 

Transfer). During a data transfer cycle, the row 
address ArrAs selects one of the 512 rows of the 
memory array to or from which data will be 
transferred, and the column address ArrA7 selects 
one of the tap locations in the serial register. The 
selected tap location is the start position in the SAM 
port from which the first serial data will be read out 
during the subsequent serial read cycle or the start 
position in the SAM port into which the first serial 
data will be written during the subsequent serial 
write cycle. During split data transfer cycles, the 
most significant column address (A 7C) is controlled 
internally to determine which half of the serial 
register will be accessed. 
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At the failing edge of RAS 

CAS DT/OE WB/WE SE DSF Transfer Mode Transfer Direction Transfer Bit SAM Port Mode 

H L H L Read Transfer RAM---> SAM 256 x 8 Input ---> Output 
---'--. 

H L L L L Write Transfer SAM---> RAM 256 x 8 Output ---> Input 
-----

H L L H L Pseudo Write Transfer - - Output ---> Input 
- r---r------_. _ ..... - f-------. 

H L H . H Split Read Transfer RAM---> SAM 128 x8 Not changed 

H L L . H Split Write Transfer SAM---> RAM 128 x8 Not changed 

Note: • = "H" or "L" 

Table 5. Transfer Modes 

Read Transfer Cycle 
A read transfer cycle consists of loading a 

selected row of data from the RAM array into the 
SAM register. A read transfer is invoked by holding 
CAS "high", DT/OE "low", WBIWE "high" and DSF 
"low" at the falling edge of RAS. The row address 
selected at the falling edge of RAS determines the 
RAM row to be transferred into the SAM. The 
transfer cycle is completed at the riSing edge of 
DT/OE. When the transfer is completed, the SAM 
port is set into the output mode. In a read/real time 
read transfer cycle, the transfer of a new row of data 
is completed at the riSing edge of DT /OE and this 
data becomes valid on the SIO lines after the 

specified access time (tSCA) from the rising edge of 
the subsequent serial clock (SC) cycle. The start 
address of the serial painter of the SAM is 
determined by the column address selected at the 
falling edge of CAS. 

Figure 12 shows the operation block diagram for 
the read transfer operation. 

In a read transfer cycle (which is preceded by a 
write transfer cycle), the SC clock must be held at a 
constant VIL or VIH, after the SC high time has been 
satisfied. A rising edge of the SC clock must not 
occur until after the specified delay (tTSD) from the 
rising edge of DT/OE, as shown in Figure 13. 

SAM StartAddres~ __ 

~~- ·----0 S101--8 

Ao-As 

512 x 256 x 8 bits 
Memory Cell Array 

c=) 
Serial Read 

Figure 12. Block Diagram for Read Transfer Operation 
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RAS ---1 } I 

CAS .--.I fH \ I~---, 
Ao-As ~~ SAMStart ~ffMff$ffi 

WBIWE Wl///////ff4 tH W//00W$~ffdlll///W$//W$ffi 
DT/OE ~a rL I (~ffi 

DSF~~~'" rL ~~~~~~~~~ 
SC~ j I::. \ \ ~ "---' ': Inhibit Rising Transition ~ --......... "-

iII trSD .1 '" 
SIO ( Pout x:= 

Figure 13. Read Transfer Timing 

In a real time read transfer cycle (which is 
preceded by another read transfer cycle), the 
~vious row data appears on the SID lines until the 
DT/OE signal goes "high" and the serial access 
time (tSCA) for the following serial clock is satisfied. 
This feature allows for the first bit of the new row of 
data to appear on the serial output as soon as the 
last bit of the previous row has been strobed without 
any timing loss. To make this continuous data flow 
possible, the risi!l!L..!ld~of DT/OE must be 
synchronized with RAS, CAS and the subsequent 
rising edge of SC (tRTH' tCTH, and tTSt/tTSD must be 
satisfied), as shown in Figure 14. 

The timing restrictions tTSt/tTSD are 5ns minl15ns 
min. The split read transfer mode eliminates these 
timing restrictions. 

Write Transfer Cycle 
A write transfer cycle consists of loading the 

contents of the SAM register into a selected row of 
the RAM array. If the SAM data to be transferred 
must first be loaded through the SAM port, a 
pseudo write transfer operation must precede the 
write transfer cycles. However, if the SAM port data 
to be transferred into the RAM was previously 
loaded into the SAM via a read transfer, the SAM to 
RAM transfer can be executed simply by 
performing a write transfer directiLA write transfer 
is invoked b'y"!:!olding CAS "high", DTIOE "low", WBI 
WE "low", SE "low" and DSF "low" at the falling 
edge of RAS. This write transfer is selectively 
controlled per RAM I/O block by setting the mask 
data on the Wv'IOj lines at the falling edge of RAS 
(same as in the write-per-bit operation). Figures 15 
and 16 show the timing diagram and block diagram 
for write transfer operations, respectively. 

14-----,- IRTH ----.I 

DTIOE~~~L-__________ df~~~~~~~ 

SC 

Previous Row Data + New Row Data 

Figure 14. Real Time Read Transfer 
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, , 
RAS ---'r----~}~ ______________________ __J1~----~\~-------

lH \~------------~1 
Ao-As %000'~ SAM Start X0W~~~A , , 

: ' 
WBIWE ~A ~L ~~MWdW~M , , , , 

Df/OE 00m'/A iL ~$~MW~h 

( M~Data ) ! 
, :.~ 

8E 00m'/A iL Y~a :--: 
8C~ 

8101-810s Data In Data In 
, , 

, 
\~ __ ~ln~hi~~t~R=iSin~g~~~~=Sit~io~n ______ ~\~~ 

Data In Data In 

DSF0WWA ;L ~~Mh 

Figure 15. Write Transfer Timing 

"1" -g" 
Transfer 
operation 

is inhibited. 

"1" 

Mask Data (0 : Not Transferred 
1 : Transfened 

"1" "1" "go 
Transfer 
operation 

is inhibited. 

Figure 16. Block Diagram for Write Transfer Operation 

"1" 

The row address selected at the falling edge of 
RAS determines the RAM row address into which 
the data will be transferred. The column address 
selected at the falling edge of CAS determines the 
start address of the serial pointer of the SAM. After 
the write transfer is completed, the SID lines are set 
in the input mode so that serial data synchronized 
with the SC clock can be loaded. 

When consecutive write transfer operations are 
performed, new data must not be written into the 
serial register until the RAS cycle of the preceding 
write transfer is completed. Consequently, the SC 
clock must be held at a constant V1L or V1H during 
the RAS cycle. A rising edge of the SC clock is only 
allowed after the specified delay (tsRO) from the 
rising edge of RAS, at which time a new row of data 
can be written in the serial register. 
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Pseudo Write Transfer Cycle 
A pseudo write transfer cycle must be performed 

before loading data into the serial register after a 
read transfer operation has been executed. The 
only purpose of a pseudo write transfer is to change 
the SAM port mode from output mode to input mode 
(a data transfer from SAM to RAM does not occur). 
After the serial register is loaded with new data, a 
write transfer cycle must be performed to transfer 
the data from SAM to RAM. A pseudo write transfer 
is invoked b.YD0lding CAS "high", DTIOE "low", wal 
WE "low", SE "high" and DSF "low" at the falling 
edge of RAS. The timing conditions are the same as 
the one for the write transfer cycle except for the 
state of SE at the falling edge of RAS. 

128 columns 128 

Active Non-Active 

V52C8128 

Split Data Transfer and QSF 
The V52C8128 features a bidirectional split data 

transfer capability between the RAM and the SAM. 
During split data transfer operation, the serial 
register is split into two halves which can be 
controlled independently. Split read or split write 
transfer operations can be performed to or from one 
half of the serial register while serial data can be 
shifted into or out of the other half of the serial 
register, as shown in Figure 17. The most 
significant column address location (A7C) is 
controlled intemally to determine which half of the 
serial register will be accessed. aSF is an output 
which indicates which half of the serial register is in 
an active state. aSF changes state when the last 
SC clock is applied to active split SAM, as shown in 
Figure 18. 

Active SAM aSF Level 

lower SAM "Low" 

upper SAM "High" 

Figure 17. Split Register Mode 

(255) 

SC ~
LastSC FirstSC 

L----..i.,5~---
"high" 

aSF ___ "lo_w'_' __ ---J ,------~S5~,....-----""\ "low" 

lower SAM: Active upper SAM: Active lower SAM: Active 

Figure 18. QSF Output State During Split Register Mode 

Split Read Transfer Cycle 
A split read transfer consists of loading 128 

words by 8 bits of data from a selected row of the 
split RAM array into the corresponding non-active 
split SAM register. 

Serial data can be shifted out of the other half of 
the split SAM register simultaneously. The block 
diagram and timing diagram for split read transfer 
mode are shown in Figures 19 and 20, respectively. 
During split read transfer operation, the RAM port 

input clocks do not have to be synchronized with the 
serial clock SC, thus eliminating timing restrictions 
as in the case of on-the-fly read transfers. A split 
read transfer can be performed after a delay of tSTS 
from the change of state of the aSF output is 
satisfied. 

A normal (non-split) read transfer operation must 
precede split read transfer cycles as shown in the 
example in Figure 21. 
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128 x 8 

SID 

Figure 19. Block Diagram for Split Read Transfer 
, , 

RAS .-Jr----.~ f,-----''--'----
CAS -' tH ' : Ir -------

A~A8?000W~ SAM Start X<WW~~ffA • [H Ao-A" : 
WBfWE 0/$/00//4 V/d/l/&/~4W$#Wd 

DT/OE ~~~ !L ~~~~'0.~~'0.~ 
DSF '?'/////////4 !H Y¥I///W/////I/////$/MI)PW;;W////////ll//A 

"~ ItSTHl ------- : '~r----------
QSF ~ _ x,'------

Figure 20. Timing Diagram for Split Read Transfer 

RAS 

SC ---i-"'!, 

Figure 21. Example of Consecutive Read Transfer Operations 
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Split Write Transfer Cycle 
A split write transfer cycle consists of loading 128 

words by 8 bits of data from the non-active split 
SAM register into a selected row of the 
corresponding split RAM array. 

Serial data can be shifted into the other half of the 
split SAM register simultaneously. The block 
diagram and timing diagram for split write transfer 
mode are shown in Figures 22 and 23, respectively. 
During split write transfer operation, the RAM port 
input clocks do not have to be synchronized with the 
serial clock SC, thus allowing for real time transfer. 
A split write transfer can be performed after a delay 
of tSTS from the change of state of the QSF output is 
satisfied. 

A pseudo write transfer operation must precede 
split transfer cycles as shown in Figure 24. The 
purpose of the pseudo write transfer operation is to 

V52C8128 

switch the SAM port from output mode to input 
mode and to set the initial tap location prior to split 
write transfer operations. 

SIO 

Figure 22. Block Diagram for Split Write Transfer 

,'--------~~--------------------~1, 
I r--------------iH ,\..---------------iJ: / 

ArrAs %0Wff~:,W SAM Start W~4WA 
An-As : 

WB/WE~ :L ~~~~~~~ 
DT/OE~~~ ~L ~~~~~~ 

DSF %0"~g t," 'Wffi/4W~$~A 
, , 

W,/IO,-WaiIOs ( Mask Data ) i : 
i;:..' _tS_T_S ...;0:;.;.: ____________ -----------"': ~_ST_:;H .. ir--_______ _ 

QSF ~ : *'-___ _ 
Figure 23. Timing Diagram for Split Write Transfer 

Figure 24. Example of Consecutive Write Transfer Operations 
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VDD~ 
Pause Dummy Read 
(200~s) Cycle Transfer ---...-----.. ..-----....-. 

RAS 

Spl~ Read 
Transfer -------

Split Read 
Transfer 

...--"-----. 

I 
I 
I 

V52C8128 

Pseudo Write 
Transfer ..-----....-. 
~ 

, , 
~ ~ LJ ~ , I ~ 

CAS ~ LJ I 
UI U , , 

I 
I 

I 
I I I 

DT/OE ~ 
I W I W I LLJ' , 
I I 

~ I 
' , 

I I 
, 

I ' , 
I , I , , , I , ., I ., I ., 

W WBIWE ~ I I 
I I 
I I 
I "Hi2h" I 

QSF 
High-Z ( N "Low" Y ~ :\ 

, , I I , , 
I I 

SC 

, 
, 

t 
255 : , 

, _!?,,!,,j~~!~L , 
SAM , , 

Pointer 
, , 

------'" , 
127 

•••••• -ii~~i~s -(2i --
Lower 

Reset/Set SAM SAM 

0 
pointer 

Pointer Location 
II: 

Undefined 

Figure 25. Example of Split SAM Register Operation Sequence 

Split-Register Operation Sequence - Example 
Split read/write transfers must be preceded by a 

normal (non-split) transfer, such as a read, write or 
pseudo write transfer. Figure 25 illustrates an 
example of split register operation sequence after 
device power-up and initialization. After power-up, 
a minimum of 8 RAS and 8 SC clock cycles must be 
performed to properly initialize the device. A read 
transfer is then performed and the column address 
latched at the falling edge of CAS sets the SAM tap 
pOinter location, which up to that point was in an 
undefined location. Subsequently, the pOinter 

address is incremented by cycling the serial clock 
SC from the starting location to the last location in 
the register (address 255), and wraps around to the 
tap location set by the split read transfer performed 
for the lower SAM while the upper SAM is being 
accessed. The SAM address is incremented as 
long as SC is clocked. The following split read 
transfer sets a new tap location in the upper split 
SAM register (address 128 in this example), and 
the pOinter is incremented from this location by 
cycling the SC clock. 
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The next operation is a pseudo write transfer 
which switches the SAM port from output mode to 
input mode in preparation for either write transfers 
or split write transfers. The column address latched 
at the falling edge of CAS during the pseudo write 
transfer sets the serial register tap location. Serial 
data will be written into the SAM starting from this 
location. 

V52C8128 

Transfer Operation Without CAS 
During all transfer cycles, the CAS input clock 

must be cycled, so that the column addresses are 
latched at the falling edge of CAS, to set the SAM 
tap location. If CAS was maintained at a constant 
"high" level during a transfer cycle, the SAM pointer 
location would be undefined. Therefore, a transfer 
cycle with CAS held "high" is not allowed (refer to 
the illustration below). 

RAS ''---__ --Jr--} 
C~ , r-~ 

'---------' Cycle 

Address 000?'~_...::S:::::AM::..:;S::::tart::....---,~A 

RAS '~ __________________ ~r----}~ 

CAS Allowed 

Address wwrAC Row W~p0/d 

Tap Location Selection In Split Transfer 
Operation 
a. In a split transfer operation, column addresses 

AOC through A6C must be latched at the falling 
edge of CAS in order to set the tap location in one 
of the split SAM registers. During a split transfer, 
column address A7C is controlled internally and 

therefore it is ignored internally at the falling edge 
of CAS. During a split transfer, it is not allowed to 
set the last address location (AOG-A6C = 7F), in 
either the lower SAM orthe upper SAM, as the tap 
location. 

'~ ________________ -J/ 

'1..._---------/ 
Address ?00'$~ Tap address ~~h 

t t 
ADR-ABR ADC-A6C (A7C is don't care: High or Low) 
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b. In the case of multiple split transfers performed 
into the same split SAM register, the tap location 
specified during the last split transfer, before QSF 
toggles, will prevail. In the example shown below, 
multiple split transfers are performed into the 

V52C8128 

upper SAM (non-active) while the lower SAM 
(active) is being accessed at the time when QSF 
toggles, the first SC serial clock will start shifting 
serial data starting from the Tap N address loca
tion. 

'-------'/ 

'--__ ....J/ 

Address ~~------------
Lower SAM: Active 

QSF Upper SAM: Non-Active ,.--... , 
: Last First 
\ Clock Clock 

Lower SAM: Non-Active 
Upper SAM: Active 

SC JU"1-IL------\~-----
~ ____ _=:.M.ultiple Spilt transfer into upper SA""M'--_____ +: Serial access of upper SAM 

: 4- Serial access of lower SAM -- : starting at Tap N location 

Split ReadlWrite Transfer Operation Allowable 
Period 

Figure 26 illustrates the relationship between the 
serial clock SC and the special function output QSF 
during split readiwrite transfers and highlights the 
time periods where split transfers are allowed, 

QSF 

Split 
ReadIWrite 
Transfer 
allowed. 

YES 

~ ~ 

NO YES 

, 

relative to SC and QSF. As indicated in Figure 26, a 
split read/write transfer is not allowed during the 
period of tSTH + tSTS' 

'" 
~ ~ ~ ~ 

NO YES NO YES 

Figure 26. Split Transfer Operation Allowable Periods 
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Split Transfer Cycle After Normal Transfer 
Cycle 

V52C8128 

A split transfer may be performed following a 
normal transfer (ReadIWrite/Pseudo-Write transfer) 
provided that a minimum delay of 30ns from the 

rising edge of the first clock SC is satisfied (refer to 
the illustration shown below). 

' ..... ___ -'1 ' ..... ___ ...Ir--
CAS ~ 

Dr/DE ~ ..... ----, __ ---,I ' ..... ____ -'1 

DSF __________________ ~----------------'I ' ..... _----
QSF ______ -JX ..... ~ _________________ __ 

SC _________ -...;.. __ --! 
, " 

Transfer Operation : 30ns : 
----~---------.~: ~ 

:: •• -,-,N""ex:.:..tT'-'.ra=cns""fer",-+ .... : .~------- Next Transfer Operation is alk>wed. 
: Not Allowed 

Normal Read Transfer Cycle After Normal Read 
Transfer Cycle 

Another read transfer may be performed 
following the read transfer provided that a minimum 
delay of 30 ns from the rising edge of the first clock 

, ..... ----'/ 

CAS 

DT/DE ~'--___ ...JI 

SC is satisfied (refer to the illustration shown 
below). 

' ..... ____ -'1 
DSF ________ -+ _________________ __ 

QSF ______ --'X~~ _________________ _ 

SC _________ -+ __ --!, , 

Transfer Operation :3Ons: :-..: 
II Next Tran~fer ~:,. 
+'-'-No""'"""'A-"lIowed'-'='+'<-------- Next Transfer Operation is allowed. 
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Normal Transfer After Split Transfer 
A normal transfer (read/write/psuedo write) may 

be performed following split transfer operation 

V52C8128 

provided that a 30ns minimum delay is satisfied 
after the QSF signal toggles. 

QSF-----------.X,------------------------------------
30ns Min. 

Split Transfer ---.I ..... : .t------=-=c.:=..:.""-"--_.. :---Normal Transfer Operation Allowed 

Power-Up 
Power must be applied to the RAS and DT fOE 

input signals to pull them "high" before or at the 
same time as the VDD supply is turned on. After 
power-up, a pause of 20~econds minimum is 
required with RAS and DT/OE held "high". After the 
pause, a minimum of 8 RAS and 8 SC dummy 
cycles must be performed to stabilize the internal 
circuitry, before valid read, write or transfer 
operations can begin. During the initialization 
period, the DT/OE signal must be held "high". If the 
internal refresh counter is used, a minimum 8 CAS
before-RAS initialization cycles are required 
instead of 8 RAS cycles. 

SAM port 

QSF 

Color Register 

WM1 Register 

TAP pointer 

Initial State After Power-Up 
When ~er is achieved with RAS, CAS, DT/OE 

and WBIWE held "high", the internal state of the 
V52C8128 is automatically set as follows. 

However, the initial state can not be guaranteed 
for various power-up conditions and input signal 
levels. Therefore, it is recommended that the initial 
state be set after the initialization of the device is 
performed (200 ~ pause followed by a minimum of 
8 RAS cycles and 8 SC cycles) and before valid 
operations begin. 

State after power-up 

Input Mode 

High-Impedance 

all "0" 

Write Enable 

Invalid 
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MOSEL-VITELIC V52C8254 PRELIMINARY 
MUL TIPORT VIDEO RAM WITH 
256K X 8 DRAM AND 512 X 8 SAM 

HIGH PERFORMANCE V52C8254 

Max. RAS Access Time, (IRAC> 

Max. CAS Access Time, (1eAC> 

Max. Column Address Access Time, (1M ) 

Min. Fast Page Mode Cycle Time, (\PC) 

Min. Read/Wrile Cycle Time, (~c> 

Max. Serial Access Time, (lscAl 

Min. Serial Port Cycle Time, (lscC> 

Features 
• Organization 

• RAM Port: 262,144 words x 8 bits 
• SAM Port: 512 words x 8 bits 

• RAM Port 
• Fast Page Mode, Read-Modify-Write 
• Nibble (4 bit) Write 
• Non-Persistent Write-Per-Bit 
• Block Write/Flash Write 
• 512 Refresh Cycles/8 ms 
• CAS-before-RAS Refresh, Hidden Refresh, 

RAS-only Refresh 

• SAM Port 
• High Speed Serial ReadlWrite Capability 
• 512 Tap Locations 

• RAM-SAM Bidirectional Transfer 
• ReadlWrite Transfer 
• Split ReadlWrite Transfer 

• Low CMOS Standby Current - 10 mA 
• Package 

• 40 pin 400 mil SOJ 

Device Usage Chart 
Operating Package Outline 

Temperature 
Range K 

0·C-10·C . 
V52C8254 Rev. 00 April 1993 

60 70 80 

60ns 10ns 80ns 

15 ns 20 ns 25ns 

30 ns 35ns 40 ns 

40 ns 45 ns 50 ns 

120 ns 140ns 150ns 

11 ns 17 ns 20ns 

22 ns 22ns 25 ns 

Description 
The V52C8254 VRAM is organized as 262,144-

words by 8-bits dynamic random access memory 
(RAM) port and a 512-words by 8-bits static serial 
access memory (SAM) port. The V52C8254 
supports three types of operations: random access 
to and from the RAM port, high speed serial access 
to and from the SAM port, and bidirectional transfer 
of data between any selected row in the RAM port 
and the SAM port. The RAM port and the SAM port 
can be accessed independently except when data 
is being transferred between them internally. 

In addition to the conventional multiport video 
RAM operating modes, the V52C8254 features the 
nibble write mode, split read/write transfer and 
block/flash write mode. 

The V52C8254 is fabricated in CMOS silicon 
gate process as well as advanced circuit designs to 
provide low power dissipation and wide operating 
margins. 

Access Time (ns) Power 
Temperature 

60 I 70 I 60 Std Mark 

. I . I . . Blank 
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Description Pin Count 

SOJ 40 

40 Lead Pin Configuration 

VDD 
SC 

SIOl 
SI02 
SI03 
SI04 

DT/OE 
Wl/101 
W2II02 
W3II03 
W4/104 

VSS 
WBLIWEL 

RAS 
AS 
A7 
A6 
AS 
A4 

VDD 

Capacitance" 

K-SOJ 

VSS 
SlOB 
SI07 
SI06 
SI05 
SE 
WBIIOB 
W7/107 
W6II06 
W5/105 
VSS 
DSF 
NC 
CAS 
WBHlWEH 
AO 
Al 
A2 
A3 
VSS 

TA = 25°C, VDD = 5 V ±100/0, VSS = 0 V, f = 1MHz 

Symbol Parameter Min. Max. 

CIN I nput Capacitance 7 

CIN/OUT Input/Output 9 
Capacitance 

COUT Output Capacitance (QSF) 9 

'Note: Capacitance is sampled and not 100% tested. 

V52C8254 

V52C8254 K 
V-~- T V TV 

Unit 

pF 

pF 

pF 

FAMILY DEVICE PKG. SPEED PWR. TEMP. 

(tRAcl L L BLANK (O"C to 70"C) 

~ BLANK (STANDARD) 

60 (60 ns) 
70 (70 ns) 
60 (80 ns) 

sruJ 

Pin Names 

Name Description 

AD-A8 Address Inputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

DT/OE Data Transfer/Output Enable 

WBL.JWEL Write per BitIWrite Enable 
(lower 4 bits) 

WBHIWEH Write per BitIWrite Enable 
(higher 4 bits) 

DSF Special Function Control 

W1/101-W8I108 Write Mask/Data In, Out 

SC Serial Clock 

SE Serial Enable 

S101-8108 SeriallnputJOutput 

VDDNSS Power (5V)/Ground 

NC No Connection 

Absolute Maximum Ratings" 

Ambient Temperature 
Under Bias ................................. -10°C to +80°C 

Storage Temperature (plastic) .... -55°C to + 125°C 
Voltage Relative to Vss ............................ -1.0 to +7.0 V 
Short Circuit Out Current ............................. 50 mA 
Power Dissipation ............................................ 1 W 

-Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 
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MOSEL-VITELIC V52C8255 PRELIMINARY 
MULTIPORT VIDEO RAM WITH 
256K X 8 DRAM AND 512 X 8 SAM 

HIGH PERFORMANCE V52C8255 

Max. RAS Access Time, (4lAd 

Max. CAS Access Time, (!cAd 

Max. Column Address Access Time, (tM ) 

Min. Fast Page Mode Cycle Time, (\PC) 

Min. ReadlWrite Cycle Time, (IRd 

Max. Serial Access Time, (tSCA) 

Min. Serial Port Cycle Time, (Iscc) 

Features 
• Organization 

• RAM Port: 262,144 words x 8 bits 
• SAM Port: 512 words x 8 bits 

• RAM Port 
• Fast Page Mode, Read-Modify-Write 
• Non-Persistent Write-Per-Bit 
• Block Write/Flash Write 
• 512 Refresh Cycles/8 ms 
• CA5-before-RAS Refresh, Hidden Refresh, 

RA5-only Refresh 

• SAM Port 
• High Speed Serial ReadlWrite Capability 
• 512 Tap Locations 

• RAM-SAM Bidirectional Transfer 
• ReadlWrite Transfer 
• Split ReadlWrite Transfer 

• Low CMOS Standby Current - 10 mA 
• Package 

• 40 pin 400 mil SOJ 

Device Usage Chart 
Operating Package Outline 

Temperature 
Range K 

0·C-70·C . 
V52C8255 Rev.OO Apri11993 

60 70 80 

60ns 70 ns 80 ns 

15 ns 20ns 25ns 

30 ns 35 ns 40 ns 

40ns 45ns 50 ns 

120 ns 140 ns 150 ns 

17ns 17ns 20 ns 

22 ns 22ns 25ns 

Description 
The V52C8255 VRAM is organized as 262,144-

words by 8-bits dynamic random access memory 
(RAM) port and a 512-words by 8-bits static serial 
access memory (SAM) port. The V52C8255 
supports three types of operations: random access 
to and from the RAM port, high speed serial access 
to and from the SAM port, and bidirectional transfer 
of data between any selected row in the RAM port 
and the SAM port. The RAM port and the SAM port 
can be accessed independently except when data 
is being transferred between them internally. 

In addition to the conventional multiport video 
RAM operating modes, the V52C8255 features the 
block write and flash write functions on the RAM 
port and a split read/write data transfer capability on 
the SAM port. 

The V52C8255 is fabricated in CMOS silicon 
gate process as well as advanced circuit designs to 
provide low power dissipation and wide operating 
margins. 

Access Time Ins) Power 
Temperature 

60 I 70 I 80 Std Mark 

. I . I . . Blank 
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MOSEL-VITELIC 

Description Pin Count 

SOJ 40 

40 Lead Pin Configuration 

VDD 
SC 

SI01 
SI02 
SI03 
SI04 

W/OE 
W1/101 
W2/102 
W3I103 
W4/104 

VSS 
WBIWE 

RAS 
AS 
A7 
A6 
A5 
A4 

VDD 

Capacitance" 

K-SOJ 

VSS 
SI08 
SI07 
5106 
5105 
SE 
W8/I08 
W71107 
W6II06 
W5/105 
VSS2 
DSF 
NC 
CAS 
QSF 
AD 
A1 
A2 
A3 
VSS 

TA = 25°C, VDD = 5 V ±10%, Vss = OV, f= 1MHz 

Symbol Parameter Min. Max. 

CIN Input Capacitance 7 

CINJOUT Input/Output 9 
CapacHance 

COtH Output Capacitance (QSF) 9 

'Note: Capacitance is sampled and not 100% tested. 

V52C8255 

V52C8255 K 
-err --cr-:r- T V T-err 

Unit 

pF 

pF 

pF 

FAMilY DEVICE PKG. SPEED PWR. TEMP. 

(IRAe) L L BlANK (O"C 10 7O"C) 

~ BLANK (STANDARD) 

60 (60 ns) 
70 (70 ns) 
60 (80ns) 

sruJ 

Pin Names 

Name Description 

AO-A8 Address Inputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

DT/OE Data Transfer/Output Enable 

WBIWE Write per BitlWrite Enable 

DSF Special Function Control 

W1/101-W8/108 Write Mask/Data In, Out 

SC Serial Clock 

SE Serial Enable 

S101-5108 Serial Input/Output 

QSF Special Flag Output 

VDDNSS Power (5V)/Ground 

NC No Connection 

Absolute Maximum Ratings" 

Ambient Temperature 
Under Bias ................................. -1O°C to +80°C 

Storage Temperature (plastic) .... -55°C to + 125°C 
Voltage Relative to Vss ............................ -1.0 to +7.0 V 
Short Circuit Out Current ............................. 50 mA 
Power Dissipation ............................................ 1 W 

'Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 
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MOSEL-vrrELIC V52C8256 PRELIMINARY 
MULTIPORT VIDEO RAM WITH 
256K X 8 DRAM AND 512 X 8 SAM 

HIGH PERFORMANCE V52C8256 

Max. RAS Access Time, (~cl 

Max. CAS Access Time, (tcAcl 

Max. Column Address Access Time, (tM ) 

Min. Hyper Page Mode Cycle Time, (tpcl 

Min. ReadIWrite Cycle Time, (~e) 

Max. Serial Access Time, (tscAl 

Min. Serial Port Cycle Time, (Isecl 

Features 
• Organization 

• RAM Port: 262,144 words x 8 bits 
• SAM Port: 512 words x 8 bits 

• RAM Port 
• Hyper Page Mode (with extended Data Out) 
• Persistent Mask Write 
• Block Write/Flash Write 
• 512 Refresh Cycles/8 ms 
• CAs-before-RAS Refresh, Hidden Refresh, 

RAS-only Refresh 

• SAM Port 
• High Speed Serial ReadlWrite Capability 
• 512 Tap Locations 
• Programmable Split SAM 

• RAM-SAM Bidirectional Transfer 
• ReadlWrite Transfer 
• Split ReadlWrite Transfer 

• Low CMOS Standby Current - 10 rnA 
• Package 

• 40 pin 400 mil SOJ 

Device Usage Chart 
Operating Package OUtline 

Temperature 
Range K 

0°C-70°C . 
V52C8256 Rev.OO April 1993 

60 70 80 

60ns 70 ns 80 ns 

15 ns 20 ns 25ns 

30 ns 35 ns 40 ns 

40 ns 45 ns 50 ns 

120 ns 140 ns 150 ns 

17 ns 17 ns 20 ns 

22ns 22 ns 25 ns 

Description 
The V52C8256 VRAM is organized as 262,144-

words by 8-bits dynamic random access memory 
(RAM) port and a 512-words by 8-bits static serial 
access memory (SAM) port. The V52C8256 
supports three types of operations: random access 
to and from the RAM port, high speed serial access 
to and from the SAM port, and bidirectional transfer 
of data between any selected row in the RAM port 
and the SAM port. The RAM port and the SAM port 
can be accessed independently except when data 
is being transferred between them internally. 

In addition to the conventional multipart video 
RAM operating modes, the V52C8256 features the 
persistent mask write, programmable SAM, block! 
flash write and split read/write transfer. 

The V52C8256 is fabricated in CMOS silicon gate 
process as well as advanced circuit designs to 
provide low power dissipation and wide operating 
margins. 

Access Time (ns) Power 
Temperature 

60 I 70 I 80 Std Mark 

. I . I . . Blank 
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MOSEL-VITELIC 

Description Pin Count 

SOJ 40 

40 Lead Pin Configuration 

VDD 
SC 

SI01 
SI02 
SI03 
SI04 

fiT/OE 
W11101 
W2J102 
W3I103 
W41104 

VSS 
WBIWE 

RAS 
A8 
A7 
A6 
A5 
A4 

VDD 

Capacitance" 

K-SOJ 

VSS 
SI08 
SI07 
SI06 
SI05 
SE 
W8II08 
W71107 
W6II06 
W5II05 
VSS2 
DSF 
NC 
CAS 
QSF 
AO 
A1 
A2 
A3 
VSS 

T A = 25°C, V DO = 5 V ±10%, V ss = 0 V, f = 1 MHz 

Symbol Parameter Min. Max. 

CIN Input Capacitance 7 

CINJOUT Input/Output 9 
Capacitance 

COUT Output CapaCitance (QSF) 9 

"Note: Capacitance is sampled and not 100% tested. 

V52C8256 

V52C8256 K 
TTY - -c.::r--:r - T TTY T TTY 

Unit 

pF 

pF 

pF 

FAMILY DEVICE PKG. 

sruJ 

Pin Names 

Name 

AO-A8 

RAS 

CAS 

DT/OE 

WBNVE 

DSF 

W1/101-W8/108 

SC 

SE 

S101-S108 

aSF 

VDDNSS 

NC 

SPEED PWR. TEMP. 

(IRAC) L L BLANK (O'C to 70'C) b BLANK (STANDARD) 

60 (60 ns) 
70 (70 ns) 
60 (80 ns) 

Description 

Address Inputs 

Row Address Strobe 

Column Address Strobe 

Data Transfer/Output Enable 

Write per Bitrwrite Enable 

Special Function Control 

Write Mask/Data In, Out 

Serial Clock 

Serial Enable 

SeriallnpuVOutput 

Special Flag Output 

Power (5V)/Ground 

No Connection 

Absolute Maximum Ratings" 

Ambient Temperature 
Under Bias ................................. -10°C to +80°C 

Storage Temperature (plastic) .... -55°C to +125°C 
Voltage Relative to Vss ............................ -1.0 to +7.0 V 
Short Circuit Out Current ............................. 50 mA 
Power Dissipation ............................................ 1 W 

"Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 
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MOSEL-VITELIC V52C8258 PRELIMINARY 
MULTIPaRT VIDEO RAM WITH 
256K X 8 DRAM AND 512 X 8 SAM 

HIGH PERFORMANCE V52C8258 

Max. RAS Access Time, (~Ac! 

Max. CAS Access Time, (1eAc! 

Max. Column Address Access Time, (1M ) 

Min. Fast Page Mode Cycle Time, (Ipc! 

Min. ReadIWrite Cycle Time, (IRc! 

Max. Serial Access Time, (lscAl 

Min. Serial Port Cycle Time, (Iscc! 

Features 
• Organization 

• RAM Port: 262,144 words x 8 bits 
• SAM Port: 512 words x 8 bits 

• RAM Port 
• Fast Page Mode, Read-Modify-Write 
• Persistent Mask Write 
• Block Write/Flash Write 
• 512 Refresh Cyclesl8 ms 
• CAS-before-RAS Refresh, Hidden Refresh, 

RAS-only Refresh 

• SAM Port 
• High Speed Serial Read/Write Capability 
• 512 Tap Locations 
• Programmable Split SAM 

• RAM-SAM Bidirectional Transfer 
• Read/Write Transfer 
• Split Read/Write Transfer 

• Low CMOS Standby Current - 10 rnA 
• Package 

• 40 pin 400 mil SOJ 

Device Usage Chart 

Operating Package OUtline 
Temperature 

Range K 

0·C-70·C . 
V52C8258 Rev.OO March 1993 

60 70 80 

60ns 70ns 80ns 

15 ns 20ns 25 ns 

30 ns 35ns 40ns 

40 ns 45ns 50 ns 

120 ns 140 ns 150ns 

17 ns 17 ns 20 ns 

22 ns 22 ns 25ns 

Description 
The V52C8258 VRAM is equipped with a 

262,144-words by 8-bits dynamiC random access 
memory (RAM) port and a 512-words by 8-bits 
static serial access memory (SAM) port. The 
V52C8258 supports three types of operations: 
random access to and from the RAM port, high 
speed serial access to and from the SAM port, and 
bidirectional transfer of data between any selected 
row in the RAM port and the SAM port. The RAM 
port and the SAM port can be accessed 
independently except when data is being 
transferred between them internally. 

In addition to the conventional multiport video 
RAM operating modes, the V52C8258 features the 
persistent mask write, programmable split SAM and 
split read/write transfer. 

The V52C8258 is fabricated in CMOS silicon 
gate process as well as advanced circuit designs to 
provide low power dissipation and wide operating 
margins. . 

Access Time (ns) Power 
Temperature 

60 I 70 I 80 Std Mark 

. I . I . . Blank 
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MOSEL-VITELIC 

Description Pin Count 

SOJ 40 

40 Lead Pin Configuration 

VDD 
SC 

SIOl 
SI02 
SI03 
SI04 

DT/OE 
Wl/101 
W2I102 
W3I103 
W4/104 

VSS 
WBIWE 

RAS 
A8 
A7 
A6 
A5 
A4 

VDD 

Capacitance" 

K-SOJ 

VSS 
SI08 
SI07 
SI06 
SI05 
SE 
W8II08 
W7/107 
W6II06 
W5/105 
VSS2 
DSF 
NC 
CAS 
QSF 
AO 
Al 
A2 
A3 
VSS 

TA = 25°C, VDD = 5 V ±10%, Vss = 0 V, f = 1MHz 

Symbol Parameter Min. Max. 

CIN Input Capacitance 7 

CIN/OUT Input/Output 9 
Capacitance 

COUT Output Capacitance (QSF) 9 

-Note: Capacitance is sampled and not 100% tested. 

V52C8258 

V52C8258 K -err - --c:r-:r - T V T V 

Unit 

pF 

pF 

pF 

FAMILY DEVICE PKG. 

sruJ 
Pin Names 

Name 

AO-AS 

RAS 

CAS 

DT/OE 

WBfWE 

DSF 

W1/101-W8/IOS 

SC 

SE 

SI01-SIOS 

QSF 

VDDNSS 

NC 

SPEED PWR. TEMP. 

(IRAel L L BLANK (O"C 10 70"C) b BLANK (STANDARD) 

60 (60 ns) 
70 (70ns) 
BO (BOns) 

Description 

Address Inputs 

Row Address Strobe 

Column Address Strobe 

Data Transfer/Output Enable 

Write per Bitrwrite Enable 

Special Function Control 

Write Mask/Data In, Out 

Serial Clock 

Serial Enable 

Serial Input/Output 

Special Flag Output 

Power (5V)/Ground 

No Connection 

Absolute Maximum Ratings" 

Ambient Temperature 
Under Bias ................................. -10°C to +80°C 

Storage Temperature (plastiC) .... -55°C to + 125°C 
Voltage Relative to Vss ............................ -1.0 to +7.0 V 
Short Circuit Out Current ............................. 50 mA 
Power Dissipation ............................................ 1 W 

-Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 
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DRAM Memory Modules II 





MOSEL-VITELIC V100J9 and V100J8 
1M X 9, 1M X 8 BIT FAST PAGE MODE 
CMOS DYNAMIC RAM MEMORY MODULE 

HIGH PERFORMANCE V100J8I9 

Max. RAS Access Time, (tRAC) 

Max. Column Address Access Time, (tCAA) 

Min. Fast Page Mode Cycle Time, (tpe) 

Min. ReadlWrite Cycle Time, (tRC) 

LOW POWER V100J8I9L 

Max. CMOS Standby Current, (Ioos) 

Features 
• 1 M x 8 (or x 9)-bit organization 
• Utilizes eight or nine 1 M x 1 CMOS RAMs 
• RAS access time: 60, 70, 80 ns 
• Low power dissipation 

• V100J8/9-80 
- Operating Current - 5601630 rnA max. 
- TTL Standby Current - 18 rnA max. 

• Low CMOS Standby Current 
• V10OJ8/9 - 8/9 rnA max. 
• V1 OOJ8/9L - 1.6/1.8 rnA max. 

• Battery Back-up Mode (V1 OOJ8/9L Only) 
• Read-Modify-Write, RAS-Only Refresh, 

CAS-Before-RAS Refresh capability 
• Refresh Interval 

• V10OJ8/9 - 512 cycles/8 ms 
• V1 00J8/9L - 512 cycles/64 ms 

• Fast Page Mode for a sustained data rate 
greater than 25 MHz 

• Available in standard 30-lead single-in-line 
module 

Device Usage Chart 

Operatln9 Bit Organization 
Temperature 

Range x8 I x9 

O°G-lO°C • 1 • 
V100J8J9 Rev. 00 February 1993 

60/60L 70170L 80/80L 

60 ns 70 ns 80 ns 

30 ns 35 ns 40 ns 

40 ns 45 ns 50 ns 

120 ns 130 ns 150 ns 

60L 70L 80L 

1.611.8 mA 1.6/1.8 mA 1.611.8mA 

Description 

The V1 OOJ8/9 are high speed 1,048,576 x 8/9 bit 
CMOS dynamic random access memory modules. 
The V1 OOJ8/9 offers a combination of features: Fast 
Page Mode for high data bandwidth, fast usable 
speed, CMOS standby current and, on request, 
extended refresh for very low data retention power 
(V100J8/9L). 

All inputs and outputs are TTL compatible. Input 
and output capacitances are significantly lowered to 
allow increased system performance. Fast Page 
Mode operation allows random access of up to 
1 024 bits within a row with cycle times as short as 
40 ns. Because of static circuitry, the CAS clock is 
not in the critical timing path. The flow-through col
umn address latches allow address pipelining while 
relaxing many critical system timing requirements 
for fast usable speed. These features make the 
V1 OOJ8/9L ideally suited for high performance com
puting systems. 

The V100J8/9L offer a maximum data retention 
power of 13.2114.85 mW when operating in CMOS 
standby mode and performing CAS-before-RAS re
fresh cycles. 

Module Type Access Time (ns) Power 

S I L 60 I 70 I 80 Std I Low . I • • I • I • . J • 
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MOSEL-VITELIC V100JBl9 

Part Number Information 

-

Pin Configuration 
x 9 Organization 

V100J ___ _ II L 60 (60 ns ACCESS TIME) 
SPEED: 70 (70 ns ACCESS TIME) 

80 (60 ns ACCESS TIME) 

MODULE HEIGHT (IN INCHES) 

MODULE EDGE CONTACT' G: GOLD PLATED 
. S: TIN PLATED 

CONFIGURATION: ~~ ~~ ~ ~ 

1 M x BI9 MEMORY MODULE 
USES BI9 1 M X 1 SOJ CMOS DRAMS 

Pin Names (x 9 Organization) 

Name Description 

AD-A9 Address Inputs 

RAS Row Address Strobe VDO(1)~B CAS (2) V53Cl00 
001 (3) 

VOO (1) 
CAS (2) 
001 (3) CAS,CAS9 Column Address Strobes 

All (4) 

Al (5) g I V53Cl00 I 002 (6) 
A2 (7) 

A3 (S) EJ 
VSS (9) V53Cl00 
003(10) 

M(11) EJ 
A5 (12) V53Cl00 

004(13) 
AS (14) 
A7(15) EJ 

005 (1S) =;: V53Cl00 
A8(17) = I 
A9(1S) EJ 
NC (19) V53Cl00 

O.Q!! (2O) 
WE (21) 

VSS (22) I V53Cl00 I 
007 (231 

NC(24) 

008(25) EJ 
~ (26) =; V53Cl00 
RAS(27) = 

CAS9(28) 3 
09 (29) 3

1 
V53Cl00 I 

SMOOULE 

AO (4) 
Al (5) 

002 (6) 
A2 (7) 
A3 (S) 

VSS (9) 
003(10) 

A4 (ll) 
A5(12) 

004(13) 
A6(141 
A7 (15) 

005(16) 
AS (17) 
A9(1S) 
NC(19) 

DQ8 (20) 
WE (21) 

VSS(22) 
007 (23) 

NC(24) 
D08 (25) 
09 (26) 

c:~!~~l 
09(29) 

NOTE: x 8 Organization 
Pins 26, 28, 29 are not connected 

Absolute Maximum Ratings* 

Ambient Temperature 
Under Bias .................................. -1O·C to +80·C 

Storage Temperature (plastic) .... -55·C to +125·C 
Voltage on any pin Relative to Vss ... -1.0 to +7.0 V 
Data Out Current ......................................... 50 mA 
Power DiSSipation ......................................... 9.0 W 

'Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 
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WE Write Enable 

D01-D08 Data In/Data Out 

09 

Q9 

VDD 

Vss 
NC 

Data In 

Data Out 

5 V Supply 

Ground 

No Connection 

x 8 Organization 
CAS9, D9, 09 are not connected 

Capacitance* (x9 Organization) 
TA = O·Cto 70·C, VDD = 5 V ±100/0, Vss = 0 V 

Symbol Parameter Min. Max. 

CIN Input Capacitance. 70 
Address Inputs 

CIN Input Capacitance. 75 
"RAS. WE 

CIN(DQ) Data Input/Output 20 
Capacitance. DQ1-DQ8 

CIN(CAS) Input CapaCitance. CAS 75 

CIN(CAS9) Input Capacitance. CAS9 10 

CIN(D9) Input Capacitance. 09 10 

CO(Q9) Output Capacitance. Q9 15 

'Note: Capacitance IS sampled and not 100% tested. 

Unit 

pF 

pF 

pF 

pF 

pF 

pF 

pF 



MOSEL-VITELIC 

Functional Diagram 

DOl 

D02 

D03 

D04 

AD-A9 

RAS 
CAS 

CAS9 
WE 

VDD 
VSS 

1 

r-

r-f-

f-+-

1 

r--
f-
f-

1 

~ 

f-
f-

1 

~ 

f-
f-

1 

cr--~--

~ 

~ 
-
~ 

~ 
~ 
f-
r-

~ 
~ 
f-
r-

~ 
~ 
f-
r-

x 9 Organization 

o~ 1 
0 D05 

~ AD-A9 
-

lMxl r- ~ RAS 
- DRAM 

r-r--- -CAS V53Cl00 
-WE r-f-f- ~ 

o~ 1 
0 D06 t:: AD-A9 
-

lMx 1 ~ ~ RAS 
CAS 

DRAM 
V53Cl00 r--f- f-

WE ~f-f- r-

~ 
o-.J 1 D07 ~ 0 

AD-A9 
RAS lMx1 ~ 
CAS 

DRAM 
V53C100 f-

-
WE ~ f-

~ 
o-.J 1 

0 DOS ~ AD-A9 
- ~ RAS 1Mx1 

CAS 
DRAM 

V53C100 -
-WE -

~~ 
D9 

I~ 

NOTE: x 8 Organization 
CAS9, 09, 09 are not connected 
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0 oJ 
AD-A9 
-
RAS lMxl 

CAS 
DRAM 

V53Cl00 
-WE 

~~ 
0 o~ 
AD-A9 
-RAS lMxl 

CAS 
DRAM 

V53Cl00 

WE 

~~ 
0 o~ 
AD-A9 
RAS 1Mx1 

CAS 
DRAM 

V53C100 

WE 

~~ 
II 

0 o-.J 
AD-A9 
-RAS 1Mx1 

CAS 
DRAM 

V53C100 

WE 

~1 
0 0--0 Q9 

AD-A9 
RAS 1Mx1 

CAS 
DRAM 

V53C100 

WE 
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MOSEL-VITELIC V10OJ8I9 

DC and Operating Characteristics (1-2) 
T A = oDe to 70oe, v DD = 5 V ± 10%, V ss = a V, unless otherwise specified. 

V100J8 V100J9 
Access 

Symbol Parameter Power Time Min. Max. Min. Max. Unit Test Conditions Notes 

III Input Leakage Current -80 80 -90 90 IIA Vss~ V1N ~ VDO 
(any input pin) 

ILO Output Leakage Current -10 10 -10 10 IIA Vss~ VOUT ~ Voo 
(lor High-Z State) RAS. CAS at V1H 

fin 7?n R1n 

1001 V DO Supply Current. 70 640 720 mA ~ = tAC (min.) 1.2 
Operating 

Rn 5fl() R~n 

1002 V DO Supply Current. 16 18 mA RAS. CAS at V1H 
TTL Standby other inputs ~ V ss 

60 720 810 

1000 

V DO Supply Current. 
70 640 720 rnA tRc = tAC (min.) 2 RAS-Only Relresh 

80 560 630 

1004 V DO Supply Current. 60 640 720 
Fast Page Mode 

70 560 630 mA Minimum Cycle 1.2 Operation 

80 480 540 

IDDS V 00 Supply Current. STD 24 27 rnA RAS=V1H• CAS=V1L 
Standby. Output Enabled other inputs ~ V ss 

LOW 16 18 

1006 V DO Supply Current. STD 8 9 RAS~ Voo- 0.2 V 
CMOS Standby mA CAS ~ Voo - 0.2V 

LOW 1.6 1.8 other inputs ~ V ss 

1007 Battery Back-up LOW 2.4 2.7 rnA CAS-Belora-RAS 18 
Data Retention Current Relresh cycle 
(Only V100J8/9L) tRC = 125 i'S 

CMOS clock levels 

V1L Input Low VoHage -1.0 0.8 -1.0 0.8 V 3 

V1H Input High VoHage 2.4 Voo+1 2.4 Voo+1 V 3 

VOL Output Low Voltage 0.4 0.4 V IOL =4.2mA 

VOH Output High Voltage 2.4 2.4 'OH =-5mA 
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MOSEL-VITELIC V100J8I9 

AC Characteristics 
T A = O°C to 70°C, V DO = 5 V ±1 0%, v ss = 0 V, unless otherwise noted 

60/l 70/l BOIL 
# JEDEC Symbol Parameter Unit Notes 

Symbol Min. Max. Min. Max. Min. Max. 

1 IRL1RHl IRAS RAS Pulse Width 60 75K 70 75K 80 75K ns 

2 IRL2RL IRC Read or Wrile Cycle Time 120 130 150 ns 

3 IRH2RL2 IRP RAS Precharge Time 50 50 60 ns 

4 IAVRL2 tASR Row Address Setup Time 0 0 0 ns 

5 IRL1AX IRAH Row Address Hold Time 10 10 10 ns 

6 IAVRHl leAR Column Address 10 RAS 30 35 40 ns 
Setup Time 

7 IRL1AV IRAD RAS 10 Column Address 15 30 15 35 15 40 ns 4 

Delay Time 

8 IAVCL2 IASC Column Address Selup Time 0 0 0 ns II 
9 'cL1AX leAH Column Address Hold Time 15 15 15 ns 

10 IRL1CLI IRCD RAS 10 CAS Delay 20 45 20 50 20 60 ns 5 

11 IRL1QV IRAC Access Time from RAS 60 70 80 ns 6,7,8 
-- ----- -

12 IAVQV IeAA Access Time from Column 30 35 40 ns 8,9,15 

Address 
- ---

13 ICL1QV IeAc Access Time tram CAS 15 20 20 ns 8,15 
- --- ,~~c 

14 ICL1CH1(R) ICAS(R) CAS Pulse Width in 15 75K 20 75K 20 75K ns 

--r ~- .. --. - - Read Cycle 
------ -----~-- -----~. --

15 ICl1RH1(R) IRSH(R) RAS Hold Time (Read Cycle) 15 20 20 ns 

--r- -------r-'----_.- . _. .. _. _. ~ . ".-

16 WH2CL2 IRCS Read Command Setup Time 0 0 0 ns 
- 1---,- --.~-.---~--.-... -.--

17 ICH?WX 'RCH Read Cnmmand Holn Time 0 0 0 ns 10 

Reterencen to CAS 
- f--- --~-.. --.. ".-----... -

18 tRH?WX IRRH Read Command Holn Time 0 0 0 ns 10 

Reterenr-en 10 RAS 
- 1--- ~~-.. -----.--~ 

19 ICH2RL2 ~..RP CAS 10 RAS Precharge Time 5 5 5 ns 
- t-= _. --... :-- ~-.--

20 ICH2QX 'oFF Output Buffer 0 20 0 20 0 20 ns 11 

Turn Off Delay 
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MOSEL-VITELIC V10OJ8I9 

AC Characteristics (Cont'd.) 

60/L 70/L SOIL 
# JEDEC Symbol Parameter Unit Notes 

Symbol Min. Max. Min. Max. Min. Max. 

21 'cH20V IoH Data Hold Time from CAS 0 0 0 ns 11 

22 WL1WH1 WP Write Pulse Width 10 15 15 ns 

23 'cH2CL2 'cp CAS Precharge Time 10 10 10 ns 

24 tRL1AX tAR Column Address Hold Time 50 55 60 ns 
from RAS 

25 'cL1CH1(W) tCAS(W) CAS Pulse Width in 15 20 20 ns 
Write Cycle 

26 'cL1RH1(W) tRSH(W) RAS or CAS Hold Time 15 20 20 ns 
in Write Cycle 

27 tRL1WH1 WCR Write Command Hold Time 50 55 60 ns 
fromRAS 

28 WL1CL2 WCS Write Command Setup Time 0 0 0 ns 12.13 

29 tCL1WH1 WCH Write Command Hold Time 10 15 15 ns 

30 IoVWL2 tos Data In Setup Time 0 0 0 ns 14 

31 WH1DX IoH Data In Hold Time 15 15 15 ns 14 

32 tRL10X IoHR Data In Hold Time 50 55 60 ns 
Referenced to RAS 

33 'cH2QV 'cAP Access Time from 35 40 45 ns 15 
Column Precharge 

34 tCL2CL2(R) tpc Fast Page Mode Read or 40 45 50 ns 
Write Cycle Time 

35 WL1RH1 tRWL Write Command to RAS 15 20 20 ns 
Lead Time 

36 tWL1CH1 'cWL Write Command to CAS 15 20 20 ns 
Lead Time 

37 tRH2CL2 tRPC RAS to CAS Precharge Time 10 10 10 ns 

38 tCL1RL2 tCSR CAS Setup Time 10 10 10 ns 
CA&-before-RAS Refresh 
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MOSEL-VITELIC V100J8I9 

AC Characteristics (Cont'd.) 

60/L 70/L SOIL 
# JEDEC Symbol Parameter Unit Notes 

Symbol Min. Max. Min. Max. Min. Max. 

39 tRL1CHl tCHR CAS Hold Time 30 30 30 ns 
CAS-before-RAS Cycle 

40 tRL1CHl tCSH CAS Hold Time 60 70 80 ns 

41 tT 'r TransHion Time 3 50 3 50 3 50 ns 16 
(Rise and Fall) 

42 tREF Refresh Interval 8 8 8 ms 17 

(512 Cycles) 

43 tREF Refresh Interval 64 64 64 ms 18 

V100J8J9L Only 

(512 Cycles. tRC = 12511&) 

• 
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MOSEL-VITELIC V100J819 

Notes: 
1. 100 is dependent on outputloading when the device output is selected. Specified 100 (max.) is measured with the output 

open. 

2. 100 is dependent upon the number of address transitions. Specified 100 (max.) is measured with a maximum of two 

transitions per address cycle in First Page Mode. 

3. Specified V1L (min.) is steady state operation. During transitions, V1L (min.) may undershoot to -1.0 V for periods not 

to exceed 20 ns. All AC parameters are measured with V1L (min.) ;:: V ss and V1H (max.) ~ V DO' 

4. Operation within the tRAO (max.) limit ensures thattRAc (max.) can be met. tRAo (max.) is specified as a reference point 

only. If tRAo is greater than the specified tRAo (max.) limit, the access time is controlled by tCAA and tCAC' 

5. tRCO (max.) is specified for reference only. Operation within tRCO (max.) and tRAO (max.) limits ensure that tRAC (max.) 

and tCAA (max.) can be met. If tRco is greater than the specified tRCD (max.), the access time is controlled by tCAA and 

tCAC' 

6. Assumes that tRAD ~ ~AD (max.). If tRAo is greater than tRAO (max.), tRAC will increase by the amount that tRAD exceeds 

tRAo (max.). 

7. Assumes that tRCD ~ tRco (max.). IftRCD is greater than tRCD (max.), tRAC will increase by the amountthat tRCD exceeds 

tRCD (max.). 

8. Measured with a load equivalent to two TIL loads and 100 pF. 

9. Assumes that tRAD ;:: tRAD (max.). 

10. Either tRRH or tRCH must be satisfied for a Read Cycle to occur. 

11. ioFF and tON define the time at which DOUT reaches an open circuit condition and are not referenced to the output 

voltage levels. 

12. iwcs' iwHC' tRwD' tAwD and tCWD are not restrictive operating parameters. 

13. iwcs (min.) must be satisfied in an Early Write Cycle. 

14. tos and tOH are referenced to the later occurance of CAS or WE. 

15. Access time is determined by the longer of tCAA' tCAC' or tCAP' 

16. t,. is measured between V1H (min.) and V1L (max.). AC measurements assume t,. = 5 ns. 

17. An initial 200 J.IS pause and 8 RAS-containing cycles are required when exiting an extended period of bias without 

clocks. An extended period of time without clocks is defined as one that exceeds the specified Refresh Interval. 

18. This is battery backup data retention mode under CAS-before-RAS refresh cycles. 

tRC = 125 J.IS (125 J.IS x 512 = 64 ms) 

tRAS = tRAS (min.) to 1 J.IS 

Input voltages: RAS and CAS V1H > V DO - 0.2 V 

V1L <0.2 V 

WE V1,,>VDD -0.2V 

All other inputs at stable V1H or V1L 
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MOSEL-VITELIC V10OJ8I9 

Waveforms of Read Cycle 

DOUT VOH -
VOL -

~-----------------------------IRC~)--------------------~ 

14------------------ t RAS (1) ----------------~ 

----+-------- HIGH-Z-------~ VALID DATA 

14-------------- 1 CSH (40) ------------~ ...... ---- 1 OH (21) ____ ~ 

Waveforms of Early Write Cycle 161501 

V1H -
RAS V1L -

DOUT VOH-
VOL -

~-----------------------------IRC (2) ---------------------t 

14------------------1 RAS (1) -----------------I~ 

~------ IDHR (32) ---------I~ 

-----------HIG~Z-----------------~-------------

161502 

4-9 
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MOSEL-VITELIC V100J8I9 

Waveforms of Fast Page Mode Read Cycle 
14-------------tRAS (1) ---\ r-------_+\ 

tRP(3) 

V1H -
RAS V 1L -

CAS 

V1H -
WE V 1L -

---- HIGH-Z ---~ 

• Vcilid Data 

Waveforms of Fast Page Mode Write Cycle 

CAS 

V1H -
WE V 1L -

4-10 
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MOSEL-VITELIC V10OJ8I9 

Waveforms of CA5-before-RAS Refresh Cycle 

t*---------tRC(2) ---------~ 

~---t RAS (1) --------~ 

r---------~ ~------~ 

tRP(3) 

t CP(23) ,------/ /4----- t CHR (39) 

tCSR (38) 

D VOH-
OUT VOL - t-------HIGH-Z-------------------

161505 

Waveforms of Hidden Refresh Cycle (Read) 

--~ ,..---- t RAS (1) ---~ "..----"\1 i""1----- tRAS (1) ----

tCRP(19) 

~---------....i[ 4-tRP(3) 
t RCD (10) --t''":----i 

I RSH (R)(15) 

V IH _ --Irllt--------" 
CAS V1L -

DOUT VOH -
VOL -

tCAR(6)

i-----.j I CAH (9) 

t CAA(12) 1------. ... 1 

~-- t RAC (11) .. 

----- HIGH-Z------<I 

4-11 

/4----- t CHR (39) -----+I 

t OFF (20) 

VALID DATA 

161506 



MOSEL-VITELIC V100J8I9 

Waveforms of RAS-Only Refresh Cycle 

VIH -
RAS VIL -

VIH -
CAS VIL -

DOUT VOH-
VOL -

r----------------�RC(2)---------~ 

14---------IRAS(I)----------r 

----~ r--------~ 

14---'"1 IRAH (5) 
1 RP(3) 

----------HIGH-Z--------------------
161507 

Waveforms of CA5-Sefore-RAS Refresh Counter Test Cycle 

RAS 
VIH -
VIL -

VIH -
CAS VIL -

Ao-As VIH -
VIL -

DOUT ~OH-
OL-

WE 
VIH -
VIL -

DOUT VOH-
VOL -

WE 
VIH -
VIL -

DIN 
VIH -
VIL -

14-----1 RAS (1~-----I_-_IRSH(W)(26) ---,", 

READ CYCLE 

14---1 CHR(3S) 

ICSR(36) 

WRITE CYCLE 

IRCS(16) 
VALID DATA 

----------HIGH-Z-----++--------------

IWCS (28) I+--~ ~---+f IWCH (29) 

161508 

4-12 



MOSEL-VITELIC V100J8I9 

Waveforms of Hidden Refresh Cycle (Write) 

--~ ~--- t RAS (1) ----~v----'"\J 1 ... 0----- t RAS (1) ---~ 

CAS 

DOUT V OH-
VOL -

t RSH (W)(26) 

.. t CHR (39) --~ 

I---.j t CAH (9) 

VALID DATA 

/4----tDHR (32)-------< 

------------- HIGH-Z ----------------
161509 
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MOSEL-vrrELIC V104J8I9 
(256K x 8, 256K x 9) CMOS 
MEMORY MODULE 

Features 
• 262,144 x 8 (or x 9) bit organization 
• Utilizes 256K x 4 and 256K x 1 CMOS DRAMs 
• Fast Page mode operation 
• Fast access times 70 ns, 80 ns and 1 00 ns 
• Low power dissipation 
• Common CAS control for eight common Data

in and Data-out lines 
• Separate CAS control for one separate pair of 

Data-in and Data-out (x 9 organization) 
• Single 5 V ±10% supply 
• All 1/0 are fully TIL compatible 
• Standard 3D-lead single-in-Iine module 

Description 
The V104J8/9 Memory Module is organized as 

262,144 x 8 (or 9) bits in a 3D-lead single-in-Iine 
module. The 256K x 8 memory module uses two 
Vitelic 256K x 4 DRAMs. The 256K x 9 memory 
module uses two Vitelic 256K x 4 DRAMs and one 
Vitelic 256K x 1 DRAM. Decoupling capacitors, 
mounted beneath each package, are surface 
mounted on the epoxy substrate board. The 
on board capacitors eliminate the need for 
bypassing on the mother board and offer superior 
performance due to reduced lead inductance. 

V104J 
Pin Configuration 
x 9 Organization 

Device Usage Chart 
Operating 

Temperature 
Range 

O°C-70oe 

V104J819 Rev. 00 2/93 

VDD (1) 
CAS (2) 
001 (3) 

AO (4) 
Al (5) 

DQ2 (6) 
~ (7) 
A3 (8) 

VSS (9) 
DOG (10) 

A4 (11) 
M(12) 

004(13) 
A6(14) 
A7(15) 

005(16) 
A8(17) 
Ne(18) 
NC(19) 

DQ6 (20) 
WE (21) 

VSS (22) 
007 (23) 

NC(24) 
DQ6 (25) 
.Jl!! (26) 
RAS (27) 

CAS9 (28) 
09 (29) 

VDD(30) 

-r---

~0 
VDD (1) 
CAS (2) 

0 
001 (3) 

AO (4) 
Al (5) 

DQ2 (6) 
~ (7) 
A3 (8) 

VSS (9) 
DQ2(10) 
M(ll) 
M(12) 

'0 
004(13) 

0 
A6(14) 
A7 (15) 

005(16) 
AS (17) 
NC(18) 
NC(19) 

Qg§(20) 
WE (21) 

VSS(22) 
007(23) 

NC(24) 

[I] 
008(25) 

[I] .Jl!!(26) 
RAS(27) 

CAS9 (28) 
09(29) 

VDD (30) 

S MODULE LMODULE 

NOTE: x 8 Organization 
Pins 26, 28, 29 are not connected 

Bit Organization Module Type Access Time (ns) 

x8 I x9 S I L 70 I 80 I 100 

• I • • I • • I • I • 
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MOSEL-VITELIC V104J8I9 

Part Number Information 

~..L ---II L 70 (70 ns ACCESS TIME) 
SPEED: 80 (80 ns ACCESS TIME) 

10 (100 ns ACCESS TIME) 

MODULE HEIGHT (IN INCHES): U; 0.5 N.O.65 

MODULE EDGE CONTACT: ~:' ~~'i?J~6ED 

CONFIGURATION ~: ~;~~ ~ ~ 

DRAM PACKAGE J: SOJ/PLCC 

256K x 8/9 MEMORY MODULE 
256K x 8 MODULE USES (2) 256K x 4 CMOS DRAMS 
256K x 9 MODULE USES (2) 256K x 4 AND (1) 256K x 1 CMOS DRAMS 

Logic Symbol x 9 Organization Pin Names (x 9 Organization) 

AO D01 A1 
A2 DQ2 

Name Description 

AQ-AS Address Inputs 

A3 DQ3 RAS Row Address Strobe 
A4 DQ4 
A5 CAS,CAS9 Column Address Strobes 
A6 DOS 

A7 DOS 

&. DQ7 
RAS DQ8 
CAS D9 CAS9 
WE os 

_ x 8 Organization 
CAS9, 09, 09 are not connected 

Absolute Maximum Ratings" 

Ambient Temperature 
Under Bias .................................. -10°C to +80°C 

Storage Temperature (plastic) .... -55°C to + 125°C 
Voltage on any Pin Except VDD 

Relative to V 55 ............................................ -1.0 to +7.0 V 
Voltage on VDD relative to Vss ............. -1.0 to +7.0 V 
Data Out Current ......................................... 50 mA 
Power Dissipation ......................................... 3.0 W 

"Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 

4-15 

WE Write Enable 

DOl-DOS Data In/Data Out 

09 

09 

Voo 

Vss 
NC 

Data In 

Data Out 

5 V Supply 

Ground 

No Connection 

_ x 8 Organization 
CAS9, 09, 09 are not connected 

CapaCitance" 
TA = O°C TO 70°C, Voo = 5 V ±10%, Vss = 0 V 

Symbol Parameter Min. Max. 

CIN Input CapaCitance, 12 
Address Inputs 

CIN Input CapaCitance, 15 
RAS, WE 

CIN(DO) Input Capacitance, 14 
Data Inputs 

CIN(CAS) Input Capacitance, CAS ' 10 

CIN(CAS9) Input Capacitance, CAS9 5 

CIN(D9) Input Capacitance, 09 4 

COCOS) Output CapaCitance, Q9 6 

CO(VDD) Decoupling Capacitance 0.2 

"Note: CapaCitance is sampled and not 100% tested 

Unit 

pF 

pF 

pF 

pF 

pF 

pF 

pF 

J1F 



MOSEL-VITELIC 

Functional Diagram 

AO 
Al 
A2. 
A3 
A4 
A5 
AS 
A7 
A8 

RAS 

WE 
CAS 

001 

DQ2 

DQ3 

DQ4 
DQ5 
DQ6 

007 

Das 

CAS9 

09 

as 
VOO 

VOO 
VSS 

VSS 

4 

~ 
~ 
~ 
~ 
~ oE-

27 

21 

2 

3 
'-'"s 

10 
13 

16 

20 

23 
25 

28 

29 
~ 26 

~ 
~ 

x 9 Organization 

AO-A8 

c- RAS 

f--- - 256Kx4 DRAM 
WE V53Cl04 

e- CAS 

1/0, V0 2 V03 V0 4 

J J 
J 

~ AO-A8 

e- RAS - 256Kx4 DRAM e- WE V53Cl04 -
f--- CAS 

VO, 1/02 1/03 1/04 

J 
J 

J 

'- AO-A8 -
~ RAS 256Kx 1 DRAM -
'-- WE V53C256A 

CAS 

0 a 

I 

NOTE: x 8 Organization 
Pins 26, 28, 29 are not connected 
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VOO II VSS 

OE 

I 

Voo 

1 VSS 
Of 

I 

Voo 

1 
VSS 



MOSEL-VITELIC V104J8I9 

DC and Operating Characteristics 
T A = o·e to 70·e, v DO = 5 V ±10%, V ss = 0 V, unless otherwise specified. 

Access V104J8 V104J9 
Symbol Parameter Power Time Unit Test Conditions Notes 

(ns) Min. Max. Min. Max. 

III Input Leakage Current -20 20 -30 30 !lA Vss"; V1N ,,; VOO 
(any input pin) 

ILO Output Leakage Current -10 10 -10 10 !lA Vss"; VOUT "; VOO 
(for High-Z State) RAS,CAS at V1H 

1001 V DO Supply Current, 70 170 240 mA tRC = tRC (min.) 1,2 
Operating 80 150 210 

100 130 180 

1002 VOO Supply Current, STO 4 7.5 mA RAS,CAS at V1H 
TTL Standby LOW 4 6 other inputs ~ V SS 

1003 V DO Supply Current, 70 170 240 mA tRC = tRC (min.) 2 

RAS-Only Refresh 80 150 210 

100 130 180 

10D4 V DO Supply Current, Fast 70 130 175 mA Minimum Cycle 1,2 
Page Mode Operation 80 110 150 

100 100 135 

1005 V DO Supply Current, sm 6 10 mA RAS-V1H,CAS-V1L 1 
Standby, Output Enabled LOW 4 6.5 other inputs ~ V 55 

1006 V DO Supply Current, sm 2 5 RAS~Voo~·2V, 

CMOS Standby mA CAS at V1H 
LOW 2 3.2 other inputs ~ V S5 

V1L Input Low Voltage -1 0.8 -1 0.8 V 3 
(all inputs) 

V1H Input High Voltage 2.4 VOO 2.4 VOO V 3 
(all inputs) +1 +1 

VOL Output Low Voltage 0.4 0.4 V IOL -4.2mA 

VOH Output High Voltage 2.4 2.4 V IOH=-5mA 
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MOSEL-VITELIC 

AC Characteristics 
T A = O°C to 70°C, V DO = 5 V ±1 0%, v ss = OV unless otherwise noted 
AC Test conditions, input pulse levels 0 to 3V 

JEDEC 70170L 
# Symbol Symbol Parameter 

Min. Max. 

1 tRL1RHl tRAS RAS Pulse Width 70 75K 

2 tRL2RL2 tRC Read or Write Cycle Time 130 

3 tRH2RL2 tRP RAS Precharge Time 50 

4 tRL1CHl tcSH CAS Hold Time 70 

5 tcL1CHl hs CAS Pulse Width 20 

6 tRL1CLl tRCD RAS to CAS Delay 20 50 

7 WH2CL2 tRCS Read Command Setup Time 0 

8 tAVRL2 tASR Row Address Setup Time 0 

9 tRL1AX tRAH Row Address Hold Time 10 

10 tAVCL2 tASC Column Address Setup Time 0 

11 tcL1AX hH Column Address Hold Time 15 

12 'cL1RH1(R) tRSH(R) RAS Hold Time (Read Cycle) 20 

13 'cH2RL2 'cRP CAS to RAS Precharge Time 5 

14 'cH2WX tRCH Read Command Hold Time 0 
Referenced to CAS 

15 tRH2WX tRRH Read Command Hold Time 0 
Referenced to RAS 

16 'cL10V hc Access Time from CAS 20 

17 tRL10V tRAC Access Time from RAS 70 

18 tAVOV 'cAA Access Time from Column 35 
Address 

19 tCL10X \z CAS to Low-Z Output 0 

20 'cH2QZ tHZ CAS to High-Z Output 0 20 

21 tRL1AX tAR Column Address Hold Time 55 

fromRAS 

22 tRL1AV tRAD RAS to Column Address 15 35 
Delay Time 
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V104J8/9 

SO/SOL 1 00/1 OOL 
Unit Notes 

Min. Max. Min. Max. 

80 75K 100 75K ns 

150 180 ns 

60 70 ns 

80 100 ns 

20 25 ns 

20 60 25 75 ns 4 

0 0 ns 

0 0 ns 

10 15 ns 

0 0 ns 

15 20 ns 

20 25 ns 

5 10 ns 

0 0 ns 5 

0 0 ns 5 

20 25 ns 6,7 

80 100 ns 6,8,9 

40 50 ns 6,7,10 

0 0 ns 16 

0 20 0 20 ns 16 

60 75 ns 

15 40 20 55 ns 11 



MOSEL-VITELIC V104J8I9 

AC Characteristics (Cont'd.) 

JEDEC 7onOL SO/SOL 100/100L 
# Symbol Symbol Parameter Unit Notes 

Min. Max. Min. Max. Min. Max. 

23 tCL1RH1(W) tRSH(W) RAS or CAS Hold Time 20 20 25 ns 
in Write Cycle 

24 WL1CH1 tCWL Write Command to CAS 20 20 25 ns 
Lead Time 

25 WL1CL2 WCS Write Command Setup Time 0 0 0 ns 12.13 

26 tCL1WH1 WCH Write Command Hold Time 15 15 20 ns 

27 WL1WH1 WP Write Pulse Width 15 15 20 ns 

28 tRL1WH1 WCR Write Command Hold Time 55 60 75 ns 
fromRAS 

29 WL1RH1 tRWL Write Command to RAS 20 20 25 ns 
Lead Time 

30 tOVWL2 tos Data in Setup Time 0 0 0 ns 14 • 31 WL1DX IoH Data in Hold Time 15 15 20 ns 14 

32 leL1CH1 leAW CAS Pulse Width (RMW) 75 75 90 ns 

33 tCL2CL2 tpc Fast Page Mode 45 50 55 ns 
Read or Write Cycle Time 

34 tCH2CL2 lep CAS Precharge Time 10 10 10 ns 

35 tAVRH1 leAR Column Address to RAS 35 40 45 ns 
Setup Time 

36 leH20V leAp Access Time from 40 45 50 ns 7 
Column Precharge 

37 tRL1DX IoHR Data in Hold Time 55 60 75 ns 
Referenced to RAS 

38 tCL1RL2 tCSR CAS Setup Time 10 10 10 ns 
CA8-before-RAS Refresh 

39 tRH2CL2 tRPC RAS to CAS Precharge Time 10 10 10 ns 

40 tRL1CH1 tCHR CAS Hold Time 30 30 30 ns 
CAS-before-RAS Refresh 

1r 1r Transition Time 3 50 3 50 3 50 ns 15 
(Rise and Fall) 

tRI Refresh Interval 8 8 8 ms 17 

(512 Cycles) 
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MOSEL-vrrELIC V104J8I9 

Notes: 
1. 100 is dependent on output loading when the device output is selected. Specified 100 (max.) is measured with the 

output open. 

2. 100 is dependent upon the number of address transitions. Specified 100 (max.) is measured with a maximum of two 
transitions per address cycle in Fast Page Mode. 

3. Specified V1L (min.) is steady state operating. During transitions, V1L (min.) may undershoot to -1.0 V for a period 
not to exceed 20 ns. All AC parameters are measured with V1L (min.) ;:: Vss and V1H (max.) S Voo. 

4. ~co (max.) is specified for reference only. Operation within tRCO (max.) limits insures that tRAC (max.) and tcAA 
(max.) can be met. If tRCO is greater than the specified tRCO (max.), the access time is controlled by tcAA and tcAC. 

5. Either tRRH or ~CH must be satisified for a Read Cycle to occur. 

6. Measured with a load equivalent to two TTL inputs and 100 pF. 

7. Access time is determined by the longer of tcAA, tcAC or tcAP. 

8. Assumes that tRAO s tRAO (max.). If ~o is greater than tRAO (max.), tRAC will increase by the amount that ~AO 
exceeds tRAO (max.). 

9. Assumes that tRco s tRCO (max.). If tRco is greater than tRco (max.), tRAC will increase by the amount that tRco 
exceeds tRCO (max.). 

10. Assumes that tRAO ;:: tRAO (max.). 

11. Operation within the tRAO (max.) limit ensures that tRAc (max.) can be met. tRAO (max.) is specified as a reference 
point only. If ~AO is greater than the specified ~AO (max.) limit, the access time is controlled by tcAA and tcAC. 

12. !wcs is not a restrictive operating parameter. 

13. !wcs (min.) must be satisfied in an Early Write Cycle. 

14. tos and tOH are referenced to the latter occurrence of CAS or WE. 

15. tr is measured between V1H (min.) and V1L (max.). AG-measurements assume tr = 5 ns. 

16. tu and ~z define the time at which Dour reaches an open circuit condition and are not referenced to the output 
voltage levels. 

17. An initial 200 lIS pause and 8 RAS-containing cycles are required when exiting an extended period of bias without 
clocks. An extended period of time without clocks is defined as one that exceeds the specified Refresh Interval. 
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MOSEL-VITELIC 

Waveforms of Read Cycle 
i------------- tRC(2)---------+� 
14----------tRAS(l)-----~ 

V104J8I9 

RAS 
-------,il----- tAR (21)------..j I.}-----".-----

1-------tCSH (4)--+-----+1 

CAS 

ADDRESS 

WE 

110 VALID DATA-OUT 

1017 01 

Waveforms of Early Write Cycle 

14-------------tRC~)--------~~ 

t--------tRAS(1)--------t"i 

-----.......,1. 1-00---- tAR (21) ---~~ j,:-----~ 
RAS 

CAS 

ADDRESS 

WE 

t-~:____-;--tRWL(29)-------+I 
1----

1/0 VIH - ___________ -(1 VALID DATA-IN I}-------- HIGH-Z ---------
V 1L - -.-------'.-

101702 
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MOSEL-VITELIC V104J8/9 

Waveforms of Fast Page Mode Read Cycle 

RAS 
VIH-

t-------------tRAS(1)-----------i 

------~ 1~--~ 

V 1L -

CAS 
V 1H -

V 1L -

ADDRESS 
V 1H -

V 1L -

WE 
V 1H -

V 1L -

I/O 

67503 

Waveforms of Fast Page Mode Write Cycle 

RAS 
VIH-

V 1L -

CAS 
V 1H -

V 1L -

ADDRESS 

WE 
V 1H -

V 1L -

I/O 
V 1H -

V 1L -

67504 
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MOSEL-VITELIC V104J8I9 

Waveforms of RAS-Only Refresh Cycle 

1+---------tRC(2)------------<~ 

RAS 
VIH- -------i-""1------- tRAS(l)------~ j,,.------,L 

V 1L -

CAS 
V 1H -

V 1L -

ADDRESS 
V 1H -

V 1L -

NOTE: WE = Don1 care 

Waveforms of CA5-before-RAS Refresh Cycle 

RAS 
VIH

V 1L -

V 1H -

V 1L -

I/O V OH-
VOL -

14----- t RC (2) -------------.-1 
1+-----tRAS(l) -----~ 

1------------i- z------------i-

t HZ (20)-j4---i 

1---- t CHR (40) ------1 
t CSR (38) 
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MOSEL-VITELIC V104J8I9 

Waveforms of Hidden Refresh Cycle (Read) 

RAS 
VIH -

V 1L -

V 1H -
CAS 

V 1L -

ADDRESS 
V 1L -

WE 
V 1H -

V 1L -

tHZ (20) 

VOH-
VALID DATA I/O 

VOL-

101707 

Waveforms of Hidden Refresh Cycle (Write) 

VIH-
RAS 

V 1L -

CAS 
V 1H -

V 1L -

ADDRESS 
V 1L -

WE 
V 1H -

V 1L -

V 1H -
I/O 

V 1L -

t WCS (2!."1. t WCH (26)==:l 

"""""'ZZ""""""ZZ......t-.ZpZ"""T""»Z>1.T L yr-r-ZZ-r-rZZ-r-rZZ-r-"TZZ-.-.ZZ....,.....,Z-r-ZZ~ZZr-r-ZZ-r-rZZ-r-"TZZ-.-.ZZ....,....,Z 

~DS(30) t i:=tD§(31) 
VAUDDAFeXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

t DHR (37) 101708 
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MOSEL-VITELIC V104J8I9 

Waveforms of CA5-before-RAS Refresh Refresh Counter Test Cycle 

RAS VIH-

V IL -

CAS 
VIH -

V IL -

ADDRESS 
VIH -

V IL -

WE 
VIH -

V IL -

I/O 
VIH -

V IL -

VIH -
WE • V IL -

VIH -
I/O DIN 

V IL - 1017 09 
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MOSEL-VITELIC V104J32, V104J36 PRELIMINARY 
256K x 32, 256K x 36 SIMM 

Features Description 

• 262,144 x 32 bit or 262,144 x 36 bit 
organizations 

• Utilizes 256K x 4 and 256K x 1 CMOS DRAMs 

The V104J32 Memory Module is organized as 
262,144 x 32 bits in a 72-lead single-in-line module. 
The 256K x 32 memory module uses 8 Mosel-Vitelic 
256K x 4 DRAMs. The V104J36 is organized as 
262,144 x 36 bits in the 72 lead single-in-line module 
and uses 8 Mosel-Vitelic 256K x 4 DRAMs and 4 
Mosel-Vitelic 256K x 1 DRAMS. The x36 modules 
are ideal for use in systems where high memory 
density and parity bits are needed. 

• Fast access times 70 ns, 80 ns, 100 ns 
• Fast Page mode operation 
• Low power dissipation __ 
• CAS before RAS refresh, RAS only refresh, 

and Hidden refresh capability 
• Single 5 V ±1 0% supply 
• All 1/0 are fully TIL compatible 
• Standard 72-lead single-in-line module 

'V1 04J36 Only 

1 VSS 16 A4 
2 DQO 17 A5 
3 D018 18 A6 
4 D01 19 NC 
5 D019 20 DQ4 
6 DQ2 21 DQ22 
7 0020 22 DQ5 
8 DQ3 23 DQ23 
9 DQ21 24 DQ6 
10 VDD 25 DQ24 
11 NC 26 D07 
12 AO 27 DQ25 
13 A1 28 A7 
14 A2 29 NC 
15 A3 30 VDD 

V104J32/36 
Pin Configuration 

31 A8 
32 NC 
33 NC 
34 RAS2 
35 NC(0026) 
36 NC(008) 
37 NC[D017) 
38 NC[D035) 
39 VSS 
40 CASO 
41 CAS2 
42 CAS3 
43 CAS1 
44 RASO 

V1 04J321V1 04J36 
-70 -80 

'1 VSS VSS 
'2 NC NC 
'3 VSS NC 
'4 NC VSS 

45 NC 59 VDD 
46 NC 60 DQ32 
47 Iii 61 0014 
48 NC 62 DQ33 
49 DQ9 63 D015 
50 DQ27 64 DQ34 
51 D010 65 D016 
52 DQ28 66 NC 
53 D011 67 '1 
54 D029 68 '2 
55 D012 69 '3 
56 D030 70 '4 
57 D013 71 NC 
58 D031 72 VSS 

-10 

VSS 
NC 

VSS 
VSS 

Device Usage Chart , Presence detection. Pin connection change is available on request. 

Operating Organization Module Type Access Time (n5) Power 
Temperature 

Range 256K x 32.t 256K x 36 S 70 I 80 I 100 Std I Low 
0·C-70·C . I • • . I • I • • I • 

Vl04J32i36 Rev.OO Aprl11993 
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MOSEL-VITELIC 

Part Number Information 

~ - - .M... - 70 (70 ns ACCESS TIME) II L SPEED: 80 (80 ns ACCESS TIME) 
10 (100 ns ACCESS TIME) 

MODULE HEIGHT (IN INCHES): M: 1.0 

MODULE EDGE CONTACT: ~:' ~~,*,~i~6ED 

CONFIGURATION: :: ~~~ ~: 

256K X 32136 MEMORY MODULE 

V104J32136 

256K X 32 MEMORY MODULE USES 256K X 4 SOJ CMOS DRAMS 
256K X 36 MEMORY MODULE USES 256KX 4 SOJ AND 256K X 1 PLCC CMOS DRAMS 

V104J32136 Pin Names 

Name Description 

AG-A8 Address Inputs 

RAS,RAS2 Row Address Strobes 

CASG-CAS3 Column Address Strobes 

W ReadlWrite Input 

DOG-D035 Data In/Data Out 

VDD 5 V Supply 

VSS Ground 

NC No Connection 

V104J32136 Capacitance" 
TA = DOC to lDoC, VDD = 5 V ±lD%, Vss = D V 

Symbol Parameter Min. Max. Unit 

CIN Input Capacitance, 88 pF 
Address Inputs 

CIN Input Capacitance, W 104 pF 

CIN(DQ) Input Capacitance, 17 pF 
Data Inputs 

CIN(RAS) Input Capacitance, 57 pF 
RASO, RAS2 

CIN(CAS) Input Capac~ance, 36 pF 
CASIl-CAS3 

CO(VDD) Decoupling Capacitance 0.2 IlF 

"Note: Capacitance IS sampled and not 100% tested 

Absolute Maximum Ratings" 

Ambient Temperature 
Under Bias .................................. -10°C to +80°C 

Storage Temperature (plastiC) .... -55°C to + 125°C 
Voltage on any Pin Except V DD 

Relative to Vss ............................................ -1.0 to +7.0 V 
Voltage on VDD relative to Vss ............. -1.0 to +7.0 V 
Data Out Current ......................................... 50 mA 

4-27 

V104J32136 Power Dissipation ................... 12.0 W 

"Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 



MOSEL-VITELIC 

V104J32 Functional Diagram 

AO-AS 
RASO 
CASO 

Vii 
CAS1 

RAS2 
CAS2 
CAS3 
VOO 

VSS 

- f+ AD-AS 
~ r- RAS 

CAS V53C104 

WE VOO VSS 

.....r- AD-AS 
~ - RAS 

CAS V53C104 

WE VOO VSS 

.....r- AD-AS 
~ - RAS 

CAS V53C104 

WE VOO VSS 

-r- AD-AS 
'----- RAS 

CAS V53C104 

WE VOO VSS 

~1 ... *C12 

1/01 I-- OQO 
1/02 1--001 
1/03 I-- 002 
1/04 I-- 003 

OE il 
1/01 I-- 0Q4 
1/02 I-- 005 
1/03 I-- 0Q6 
1/041-- 007 

OE il 
1/01 I-- 009 
1/02 I-- 0010 
1/03 I-- 0011 
1/04 I-- 0012 

OE~ 

1/01 I-- 0013 
1/02 I-- 0014 
1/03 I-- 0015 
1/04 I-- 0016 

OE il 
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f--r- AD-AS 
-r- RAS 

CAS V53C104 

WE VOO VSS 

.....r- AD-AS 
1-- RAS 

CAS V53C104 

WE VOO VSS 

.....r- AD-AS 
1-- RAS 

CAS V53C104 

WE VOO VSS 

-r- AD-AS 
.....- RAS 

CAS V53C104 

WE VOO VSS 

V104J32136 

1/01 -
1/02 -
1/03 -
1/04-

OE l 
1/01 -
1/02 -
1/03 -
1/04-

OE l 
1/01 -
1/02 -
1/03 -
1/04-

OEl 

1/01 '--
1/02 -
1/03 -
1/04 r--

OE~ 

001S 
0019 
0020 
0Q21 

0022 
0Q23 
0024 
0Q25 

0Q27 
002S 
0029 
0030 

0031 
0032 
0033 
0034 



MOSEL-VITELIC 

V104J36 Functional Diagram 

AD-AS 
RASO 
CASO 

Iii 
CASl 

RAS2 
CAS2 
CAS3 
VOO 

VSS 

- --r AO-AS 
~- RAS 

CAS V53Cl04 

WE VOO VSS 

>--r- AD-AS 
~- RAS 

CAS V53Cl04 

WE VOD VSS 

Y- AD-AS 
~r--- RAS 

CAS V53C256 

WE VDD VSS 

f,L AD-AS 
>-1"- RAS 

CAS V53Cl04 

WE VOD VSS 

f,L AD-AS 
>-1-- RAS 

CAS V53Cl04 

WE VDD VSS 

l,L AD-AS 
- RAS 

CAS V53C256 

WE VOO VSS 

?:1 ... *C12 

1101 ~OOO 
1/02 '--- 001 
1103 r-- 002 
1/04 f-- 003 

OE~ 

1/01 r-- 004 
1/02 r-- 005 
1/03 f-- DQ6 
1/04 f-- D07 

OE~ 

~~0Q8 

1/01 f-- D09 
1102 f-- DOlO 
1/03 f-- DOll 
1/04 r-- D012 

OE~ 

1101 r-- 0013 
1/02 r-- D014 
1/03 f-- 0015 
1/04 f-- 0016 

OEil 

~ tr D017 
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f-+ AD-AS 
r-I"- RAS 

CAS V53C104 

WE VOO VSS 

f-+ AD-AS 
~- RAS 

CAS V53Cl04 

WE VOO VSS 

--r AD-AS 
>-- RAS 

CAS V53C256 

WE VDD VSS 

--r AD-AS 
>-- RAS 

CAS V53Cl04 

WE VOD VSS 

--r AD-AS 
>-- RAS 

CAS V53Cl04 

WE VDD VSS 

-r- AD-AS 
>--- RAS 

CAS V53C256 

WE VDD VSS 

V104J32136 

1/01 ~ 

1102 -
1/03 ~ 
1/04-

OE'l 

1/01 -
1/02 -
1/03 r---
1/04 f--

OE~ 

~tr 

1/01 f--
1/02 f--
1/03 f--
1/04 f--

OE~ 

1/01 f--
1/02 r--
1103 r--
1/04 r--
OEil 

~tr 

0018 
0019 
0020 
0021 

0022 
0023 
D024 
0025 

0026 

0027 
0028 
0029 
0030 

0031 
D032 
0033 
0034 

0035 



MOSEL-VITELIC V104J32/36 

DC and Operating Characteristics 
T A = O·G to 70·G, V DO = 5 V ±1 0%, V ss = 0 V, unless otherwise specified. 

Access V104J32 V104J36 
Symbol Parameter Power Time Unit Test Conditions Notes 

(ns) Min. Max. Min Max 

III Input Leakage Current -80 80 -120 120 !1A Vss 5 V1N 5 VOO 
(any input pin) 

ILO Output Leakage Current 10 10 !1A VSS5VOUT5VOO 
(for High-Z State) RAS, CAS at VI~ 

1001 V DO Supply Current, 70 860 960 
Operating 80 760 840 rnA tRC = tRC (min.) 1,2 

100 630 720 

1002 V DO Supply Current, STD 27 30 rnA RAS, CAS at V1H 
TTL Standby LOW 22 24 other inputs 2: V SS 

1003 V DO Supply Current, 70 860 960 
RAS-Only Refresh 80 760 840 rnA tRC = tRC (min.) 2 

100 650 720 

1004 VOO Supply Current, Fast 70 630 700 
Page Mode Operation 80 540 600 rnA Minimum Cycle 1,2 

100 490 570 

1005 V DO Supply Current, STD 36 40 rnA RAS=V1H, CAS=V1L 1 
Standby, Output Enabled LOW 23 26 other inputs 2: V SS 

lODe Voo Supply Current, SrD 18 20 rnA RAS 2: Voo-{).2 V, 
CMOS Standby LOW 11.5 12.8 CASatV1H 

other inputs 2: V SS 

V1l Input Low Voltage -1 0.8 -1 0.8 V 3 
(all inputs) 

V1H Input High VoHage 2.4 VOO 2.4 VOO V 3 
(all inputs) +1 +1 

Val Output Low Voltage 0.4 0.4 V IOl = 4.2 rnA 

VOH Output High Voltage 2.4 2.4 V IOH =-5 rnA 
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MOSEL-VITELIC 

AC Characteristics 
T A = O·C to 70·C, V 00 = 5 V ±1 0%, V ss = OV unless otherwise noted 
AC Test conditions, input pulse levels 0 to 3V 

JEDEC 70nOL 
# Symbol Symbol Parameter 

Min. Max. 

1 tRLlRH1 tRAS RAS Pulse Width 70 75K 

2 tRl2Rl2 tRC Read or Write Cycle Time 130 

3 tRH2Rl2 tRP RAS Precharge Time 50 

4 tRL1CH1 tCSH CAS Hold Time 70 

5 tCL1CH1 tCAS CAS Pulse Width 20 

6 tRL1CL1 tRCO RAS to CAS Delay 20 50 

7 WH2Cl2 tRCS Read Command Setup Time 0 

8 tAVRl2 tASR Row Address Setup Time 0 

9 tRL1AX tRAH Row Address Hold Time 10 

10 tAVCl2 tASC Column Address Setup Time 0 

11 IcLlAX leAH Column Address Hold Time 15 

12 IcLlRHHRI tRSH(R) RAS Hold Time (Read Cycle) 20 

13 tCH2Rl2 IeRP CAS to RAS Precharge Time 5 

14 tCH2WX tRCH Read Command Hold Time 0 
Referenced to CAS 

15 tRH2WX tRRH Read Command Hold Time 0 
Referenced to RAS 

16 tCL10V tCAC Access Time from CAS 20 

17 ~L10ll tRAc: Access Time from RAS 70 

18 tAvOV tCAA Access Time from Column 35 
Address 

19 tCLlOX tLZ CAS to Low-Z Output 0 

20 IcH20Z tHZ CAS to High-Z Output 0 20 

21 tRL1AX tAR Column Address Hold Time 55 
fromRAS 

22 tRL1AV tRAO RAS to Column Address 15 35 
Delay Time 
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V104J32136 

SO/SOL 10/10L 
Unit Notes 

Min. Max. Min. Max. 

80 75K 100 75K ns 

150 180 ns 

60 70 ns 

80 100 ns 

20 25 ns 

20 60 25 75 ns 4 

0 0 ns 

0 0 ns 

10 15 ns 

0 0 ns 

15 20 ns 

20 25 ns 

5 10 ns 

0 0 ns 5 

0 0 ns 5 

20 25 ns 6,7 

80 100 ns 6,8,9 

40 45 ns 6,7,10 

0 0 ns 16 

0 20 0 20 ns 16 

60 75 ns 

15 40 20 55 ns 11 



MOSEL-VITELIC V104J32136 

AC Characteristics (Cont'd.) 

JEDEC 70nOl 80/SOl 10/10l 
# Symbol Symbol Parameter Unit Notes 

Min. Max. Min. Max. Min. Max. 

23 IcL1RH1(W) tRSH(W) RAS or CAS Hold Time 20 20 25 ns 
in Write Cycle 

24 WL1CHl IcwL Write Command to CAS 20 20 25 ns 
Lead Time 

25 WL1CL2 WCS Write Command Setup Time 0 0 0 ns 12,13 

26 IcL1WHl WCH Write Command Hold Time 15 15 20 ns 

27 WL1WHl WP Write Pulse Width 15 15 20 ns 

28 tRL1WHl WCR Write Command Hold Time 55 60 75 ns 

from RAS 

29 WL1RHl tRWL Write Command to RAS 20 20 25 ns 

Lead Time 

30 \'VWL2 tDS Data in Setup Time 0 0 0 ns 14 

31 WL1DX tDH Data in Hold Time 15 15 20 ns 14 

32 tCL1CHl IcRW CAS Pulse Width (RMW) 75 75 90 ns 

33 IcL2CL2 tpc Fast Page Mode 45 50 55 ns 
Read or Write Cycle Time 

34 IcH2CL2 Icp CAS Precharge Time 10 10 10 ns 

35 tAVRHl leAR Column Address to RAS 35 40 45 ns 

Setup Time 

36 IcH2QV tCAP Access Time from 40 45 50 ns 7 

Column Precharge 

37 tRL1DX \'HR Data in Hold Time 55 60 75 ns 

Referenced to RAS 

38 IcL1RL2 IcsR CAS Setup Time 10 10 10 ns 

CA5-before-RAS Refresh 

39 tRH2CL2 tRPC RAS to CAS Precharge Time 10 10 10 ns 

40 tRL1CHl tCHR CAS Hold Time 30 30 30 ns 

CA5-before-RAS Refresh 

i- i- Transition Time 3 50 3 50 3 50 ns 15 

(Rise and Fall) 

tRI Refresh Interval 8 8 8 ms 17 

(512 Cycles) 
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MOSEL-VITELIC V104J32136 

Notes: 
1. 100 is dependent on output loading when the device output is selected. Specified 100 (max.) is measured with the 

output open. 

2. 100 is dependent upon the number of address transitions. Specified 100 (max.) is measured with a maximum of two 
transitions per address cycle in Fast Page Mode. 

3. Specified V1L (min.) is steady state operating. During transitions, V1L (min.) may undershoot to -1.0 V for a period 
not to exceed 20 ns. All AC parameters are measured with V1L (min.) ~ V ss and V1H (max.) :-; V DO' 

4. tRCD (max.) is specified for reference only. Operation within tRCD (max.) limits insures that tRAC (max.) and lcAA 
(max.) can be met. If tRco is greater than the specified tRCD (max.), the access time is controlled by lcAA and lcAc' 

5. Either tRRH or tRCH must be satisified for a Read Cycle to occur. 

6. Measured with a load equivalent to two TTL inputs and 100 pF. 

7. Access time is determined by the longer of tCAA' tCAC or tCAP' 

8. Assumes that tRAD :-; tRAO (max.). If tRAD is greater than tRAD (max.), tRAC will increase by the amount that tRAD 
exceeds tRAD (max.). 

9. Assumes that tRCD :-; tRCD (max.). If tRCD is greater than tRCD (max.), tRAC will increase by the amount that tRCD 
exceeds tRCD (max.). 

10. Assumes that tRAD ~ tRAD (max.). 

11. Operation within the tRAD (max.) limit ensures that tRAC (max.) can be met. tRAD (max.) is specified as a reference 
point only. If tRAO is greater than the specified tRAD (max.) limit, the access time is controlled by tCAA and lcAc' 

12. !wcs is not a restrictive operating parameter. 

13. !wcs (min.) must be satisfied in an Early Write Cycle. 

14. los and loH are referenced to the latter occurrence of CAS or WE. 

15. 1r is measured between V1H (min.) and V1L (max.). AC-measurements assume t,. = 5 ns. 

16. \.z and tHZ define the time at which Dour reaches an open circuit and are not referenced to the output voltage levels. 

17. An initial 200 J.LS pause and 8 RAS-containing cycles are required when exiting an extended period of bias without 
clocks. An extended period of time without clocks is defined as one that exceeds the specified Refresh Interval. 
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MOSEL-VITELIC V104J32136 

Waveforms of Read Cycle 

RAS "lH-

V1L -

CAS 
VIH -

V1L -

ADDRESS 
V1H -

V1L -

W 
V1H -

V1L -

I/O 
VOH-

VOL -
VALID DATA-OUT 

lLZ (19) 

Waveforms of Early Write Cycle 

RAS 
V1H -

V 1L -

VIH-
CAS 

V 1L -

ADDRESS 
V 1H -

V 1L -

W 
V 1H -

V 1L -

1+------------- t RC (21-----------I-.j 
1--------tRAS (1)--------ooi 

------114---- tAR (21) ------I~ J,....-----1 

14------;--;--- t RWL (29) -------tOoj 

1----

100501 

I/O V 1H - ------------(1 VALID DATA-IN I)--------HIGH-Z --------
V1L - 1I:... ____ .....;T 

1005 02 
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MOSEL-VITELIC 

Waveforms of Fast Page Mode Read Cycle 

RAS 

CAS 

ADDRESS 

w 

110 

VIH-

V 1l -

V 1H -

V 1l -

V 1H -

V1l -

Waveforms of Fast Page Mode Write Cycle 

RAS 
VIH-

V 1l -

CAS 
V 1H -

V 1l -

ADDRESS 

W 
V 1H -

V 1l -

110 
V 1H -

V 1l -

V104J32136 

100503 • 

67504 
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MOSEL-VITELIC V104J32136 

Waveforms of RAS-Only Refresh Cycle 

~ _________________ t~~ ________________ ~~ 

RAS 
VIH-

------..L i""1--------------tRAS(l)-------~ J.----,L 

V 1L -

CAS 
V 1H -

V 1L -

ADDRESS 
V 1H -

V 1L -

NOTE: W = Don' care 

Waveforms of CAS-before-RAS Refresh Cycle 

RAS 

)/0 

VIH

V 1L -

V 1H -

V 1L -

14---------- t ~ (2) ----------------------------~ 
i-----tRAs (1) ------------~ I RP (3) 

1-----------~ 1----------~ 

t HZ (20) -joI1---~ 

~------- tCHR (40) --------~ 
t CSR (38) 

1005 06 

1005 07 

NOTE: VIi, Ao --A 8 = Don' care 
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MOSEL-VITELIC V104J32136 

Waveforms of Hidden Refresh Cycle (Read) 

RAS 
VIH-

V 1L -

V 1H -
CAS 

V 1L -

ADDRESS 
V 1H -

V 1L -

W 
V 1H -

V IL -

I/O 

Waveforms of Hidden Refresh Cycle (Write) 

VIH-
RAS 

V 1L -

CAS 
V 1H -

V 1L -

ADDRESS 
V 1L -

W 
V 1H -

V 1L -

V IH -
110 

V 1L -

tWCS(2;:"~ t WCH (26)==:i 

-r-70Z-r-70"""'7I-TfZ~/XT L y....-r-ZZr-r-ZZ-r-r-ZZ-r-rZZ-r-TZZ"""T"""lZ""""'ZZ"""""ZZr-r-ZZ-r-r-ZZ-r-rZZ-r-TZZ"""T"""lZ 

tD~S30) t !:tD§(31) 

XXXXX = VALID DATMClXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
t DHR (37) 1005 09 

4-37 



MOSEL-VITELIC V104J32136 

Waveforms of CA8-before-RAS Refresh Counter Test Cycle 

RAS VIH-

V IL -

CAS 
VIH -

VIL -

ADDRESS 
VIH -

V IL -

WE 
VIH -

V IL -

I/O 
VIH -

V IL -

WE 
VIH -

VIL -

I/O 
VIH -

VIL - 1006 10 
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MOSEL-VITELIC V104J232. V104J236 PRELIMINARY 

512K x 32. 512K x 36 SIMM 

Features Description 

• 524,288 x 32 bit or 524, 288 x 36 bit 
organizations 

• Utilizes 256K x 4 and 256K x 1 CMOS DRAMs 
• Fast access times 70 ns, 80 ns, 100 ns 
• Fast Page mode operation 
• Low power dissipation __ 
• CAS before RAS refresh, RAS only refresh, and 

The V104J232 Memory Module is organized as 
524,288 x 32 bits in a 72-lead single-in-line module. 
The 512K x 32 memory module uses 16 Mosel
Vitelic 256K x 4 DRAMs. The V1 04J236 is organized 
as 524, 288 x 36 bits in the 72 lead single-in-line 
module and uses 16 Mosel-Vitelic 256K x 4 DRAMs 
and 8 Mosel-Vitelic 256K x 1 DRAMS. The x36 
modules are ideal for use in systems where high 
memory density with parity bits are needed. 

Hidden refresh capability 
• Single 5 V ±10% supply 
• All I/O are fully TTL compatible 
• Standard 72-lead single-in-line module 

"Vl 04J236 only 

1 VSS 16 A4 
2 DOO 17 A5 
3 D018 18 A6 
4 DOl 19 NC 
5 D019 20 DQ4 
6 DQ2 21 DQ22 
7 DQ20 22 DOS 
8 DQ3 23 DQ23 
9 DQ21 24 DQ6 
10 VDD 25 DQ24 
11 NC 26 D07 
12 AO 27 DQ25 
13 Al 28 A7 
14 A2 29 NC 
15 A3 30 VDD 

" Signal in [ ] is Vl 04J236 only, otherwise pins 
are no connect (NC). 

Device Usage Chart 
Operating Organization 

V104J2321236 
Pin Configuration 

31 A8 
32 NC 
33 RAS3 
34 RAS2 
35 NC[D026] 
36 NC[D08] 
37 NC [DOl7] 
38 NC[D035] 
39 VSS 
40 CASO 
41 CAS2 
42 CAS3 
43 CASl 
44 RASO 

V1 04J2321V1 04J236 

-70 -80 

"1 NC NC 
*2 VSS VSS 
"3 VSS NC 
"4 NC VSS 

45 RASl 59 VDD 
46 NC 60 DQ32 
47 iN 61 D014 
48 NC 62 DQ33 
49 DQ9 63 D015 
50 DQ27 64 D034 
51 DOlO 65 D016 
52 DQ28 66 NC 
53 DOll 67 "1 
54 DQ29 68 "2 
55 D012 69 "3 
56 DQ30 70 "4 
57 D013 71 NC 
58 D031 72 VSS 

-10 

NC 
VSS 
VSS 
VSS 

" Presence detection. Pin connection change is available on request 

Module Type Access Time (ns) Power 
Temperature 

Range 512K x 32 I 512K x 36 S 70 I 80 I 100 Std I Low 

0·C-70·C • I • • • I • I • • I • 
V104J2321236 Rev. 01 Apn11993 
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MOSEL-VITELIC 

Part Number Information 

V104J M 
------ -- -- 70 (70 ns ACCESS TIME) l L L SPEED: 80 (80 ns ACCESS TIME) 

10 (100 ns ACCESS TIME) 

MODULE HEIGHT (IN INCHES): M: 1.0 

MODULE EDGE CONTACT· G: GOLD PLATED 
. S: TIN PLATED 

232: 256K X 32 
CONFIGURATION: 236: 256K X 36 

512K X 32/36 MEMORY MODULE 
USES 256KX 4 SOJ AND 256K X 1 PLCC CMOS DRAMS 

V104J2321236 Pin Names 

Name Description 

Ao-A8 Address Inputs 

RASo-RAS3 Row Address Strobes 

CASo-CAS3 Column Address Strobes 

W ReadJWrite Input 

000-0035 Data In/Data Out 

VDD 5 V Supply 

VSS Ground 

NC No Connection 

V1042321J236 capacitance" 
T A = O·C TO 70·C, V DO = 5 V ±10%, V ss = 0 v 

Symbol Parameter Min. Max. Unit 

CIN Input Capacitance, 176 pF 
Address Inputs 

CIN Input Capacitance, W 208 pF 

CIN(DQ) Input Capacitance, 17 pF 
Data Inputs 

CIN(RAS) Input Capacitance, 57 pF 
RASO-RAS3 

CIN(CAS) Input Capacitance, 36 pF 
CASO-CAS3 

CO(VDD) Decoupling Capacitance 0.2 I1F 

'Note: Capacitance is sampled and not 100% tested 

V104J2321236 

Absolute Maximum Ratings" 

Ambient Temperature 
Under Bias .................................. -1 O·C to +80·C 

Storage Temperature (plastic) .... -55·C to +125°C 
Voltage on any Pin Except VDD 

Relative to Vss ............................................ -1.0 to +7.0 V 
Voltage on VDD relative to Vss ............. -1.0 to +7.0 V 
Data Out Current ......................................... 50 mA 
V104J232/236 Power Dissipation ............... 24.0 W 

'Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 
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MOSEL-VITELIC 

V104J232 Functional Diagram 

AO-M 
~ 
BASo 
RASl 
CASe 
CASl 

-- ~ 

--
-

~ 

-

~ 

-

~ 

-

~ 

-

~ 

-

>--

-

-

~ 

AS2 
ASa 

2 
AS3 

Voo 

Vss 

Ao-As 
RAS 
CAS V53Cl04 

WE 
Voo Vss 

Ao-As 
RAS 
CAS V53Cl04 

WE 
Voo Vss 

Ao-As 
RAS 
CAS V53Cl04 

WE 
Voo vss 

Ao-As 
RAS 
CAS V53Cl04 

WE 
Voo Vss 

Ao-As 
RAS 
CAS V53Cl04 
WE 

Voo Vss 

Ao-As 
RAS 
CAS V53Cl04 

WE 
Voo Vss 

Ao-As 
RAS 
CAS V53Cl04 

WE 
Voo Vss 

Ao-As 
RAS 
CAS V53Cl04A 

WE 
Voo Vss 

::;::: Cl ••• ::;::: C24 

1/01 000 
1/02 001 
I/Oa 002 
1/04 DOa 

OE 1 
1101 
1/02 f--
I/0a r--
1/04~ 

OE ~ 

1/01 DQ4 
1/02 005 
IlOa 006 
1/04 DQ7 

OE ~ 

1/01 
1102 f-
I/O a f--
1/04 r---
OE ~ 

1101 DQ9 
1/02 DQ10 
I/Oa 0011 
1104 DQ12 

OE ~ 

1/01 
1/02 r-
1103 f--
1/04 r---
OE ~ 

1/01 DQ13 
1/02 DQ14 
1103 DQ15 
1/04 DQ16 

OE 1 
1/01 
1/02 f--
1/03 f--
1/04r--

OE ~ 

4-41 

~ Ao-As 
RAS 
CAS V53Cl04 

- WE 
Voo Vss 

~ Ao-As 
RAS 
CAS V53Cl04 

- WE 
Voo Vss 

>-- Ao-As 
RAS 
CAS V53Cl04 

~ WE 
Voo Vss 

>--- Ao-As 
RAS 
CAS V53Cl04 

r-- WE 
Voo Vss 

r-- Ao-As 
RAS 
CAS V53Cl04 

f-- WE 
Voo Vss 

f-- Ao-As 
RAS 
CAS V53Cl04 

f-- WE 
Voo Vss 

r-- Ao-As 
RAS 
CAS V53Cl04 

r-- WE 
Voo VSS 

"- Ao-As 
RAS 
CAS V53Cl04A 

'--- WE 
Voo Vss 

V104J2321236 

1/01 
1/02 
1/0a 
1/04 

OE 1 
1/01 
1/02 -
I/Oa -
1/04-

OE 1 
1/01 
1102 
I/Oa 
1/04 

OE 1 
1/01 
1102 ~ 
1/03 -
1/04 '---

OE 1 
1/01 
1/02 
I/O a 
1/04 

OE ~ 

1/01 
1/02 r-
I/0a f--
1/04 r---
OE ~ 

1/01 
1102 
1/03 
1/04 

OE ~ 

1/01 
1/02 f-
1/03 f--
1104 r---
DE ~ 

DQ1S 
DQ19 
DQ20 
DQ21 

DQ22 
DQ23 
DQ24 
DQ25 

DQ27 
DQ2S 
DQ28 
DQ30 

DQ31 
0032 
DQ33 
DQ34 
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MOSEL-VITELIC 

V104J236 Functional Diagram 

Ao-6D 

Btl. 
Ml!, 
CASo 
CAS, 

-
~ - -=- -

~ 

-

-

~ 

t--

-

~ 

-

-

t--
t--

r-

r-r-
t--

I--
'--

r-

t--
t--

t--

t-
t-

t-

t--
t--

t--

I--
I--

t--

L-

'---

-
AS, 

3 , 
AS> 

VDD 
Vss 

Ao-As 1/01 .---000 
RAS 1/0, r--OO, 
CAS V53Cl04 1/03 r---oo, 

WE 1/0. r-003 
VDD Vss OE 

J _f--:-:-::-l 
Ao-As I/O, 
RAS I/O, t-
CAS V53Cl04 1/031--

WE 
I/O, I---

VDD 
Vp I 

Ao-As 1/0, .---00, 
RAS I/O, ~gg; CAS V53Cl04 1/03 

I/O, r-oo, WE 
VDD OE Vss 

J ~ 
Ao-As 1/0, 
RAS I/O, t-
CAS V53Cl04 1/031--

WE 1/04 I---
VDD 

Vp I 
Ao-As D t--r-008 
RAS 
CAS V53C256 Q t--
WE 

VDD Vss 

I I 
Ao-As 
RAS 

D I--

CAS V53C256 Q I--
WE 

VDD Vss 

J I 
Ao-As I/O, '----00. 
~ I/O, r--00'0 
CAS V53Cl04 1/03 P---DQ11 

WE 1/04 t--DQ,2 

VDD Vss OE 

I t---J 
Ao-As 1/0, 
RAS 1I0'r-
CAS V53Cl04 1/03t--
WE I/O, I--

VDD V~ I 
Ao-As I/O, .----00'3 
RAS 1/0, "..---00,4 
CAS V53Cl04 1/03 r---OO15 
WE 1/0, r-- 0016 

VDD Vss OE 

I ~ 
Ao-As 1/0, 
RAS 1/0,t-
CAS V53Cl04A 1/03 t--
WE 1/0, I--

VDD 
Vp J 

Ao-As D t--r-0017 
RAS 
CAS V53C256 Q t--
WE 

VDD Vss 

I I 
Ao-As 

D t--
RAS 
CAS V53C256 Q t--
WE 

VDD Vss 

C1 ... C" 
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~ Ao-As 1/0, rr== RAS 1/02 

r- - ~S V53Cl04 1/03 ~ 

- WE I/O. r-
VDD Vss OE 

I t-::--::-
~ Ao-As 1/0, 

RAS I/O'r-
t- - ~S V53C1 04 1/031--

- WE 1/0'1---
VDD V~ I 

~ Ao-As 1/0, r--
RAS 1102 r--

t- - ~S V53Cl04 1/03 r-
I/O. r-- WE OE VDD Vss 

I t===J 
~ Ao-As 1/01 

RAS :~g:~ t- - ~S V53Cl04 
~ WE 1/0.1---

VDD V~ I 
r- Ao-As D r-r-

RAS 
l- I-- ~S V53C256 Q t--

I-- WE 
VDD Vss 

1 
t-:jAO-A8 

~F RAS 

t- H~S V53C256 
WE 

Voo Vss 

I 
I-- Ao-As 1/0, r--;:= RAS I/O, 

r- ~S V53Cl04 1/03 r-;= 1/04 
I-- WE 

Vss OE VDD 

I t----J 
r- Ao-As 1/0, 

RAS I/O'r-
I-- ~S V53Cl04 1/03t--

I-- WE I/~ I--
VDD 

Vj OE~ 
1 

HAo-AS 1/0, t---
RAS 1/0, ~ 

H~S V53Cl04 1/03 r-
1/0, r-

WE Voo Vss OE 

I ~ 
r- Ao-As 1/01 

RAS 1/0'r-
I-- ~S V53Cl04A 1/03 t--

1/0,1--
I-- WE 

V~ VDD 

I 
~ Ao-As Dt--r-----

RAS 
- ~S V53C256 Q t--
- WE 

VDD Vss 

1 
- Ao-As 

D t--
RAS 

- ~S V53C256 Q t--
- WE 

VDD Vss 

I 



MOSEL-VITELIC V104J2321236 

DC and Operating Characteristics 
TA = ooe to 70oe, voo = 5 V ±10%, vss = 0 V, unless otherwise specified. 

Access V104J232 V104J236 
Symbol Parameter Power Time Unit Test Conditions Notes 

(ns) Min. Max. Min Max 

III Input Leakage Current -160 160 -240 240 IlA Vss S VIN S Voo 
(any input pin) 

ILO Output Leakage Current -20 20 -20 20 J!A VSSSVOUTSVOO 
(for High-Z State) RAS, CAS at VI~ 

1001 V 00 Supply Current. 70 1730 1920 

Operating 80 1510 1680 mA tRC = tRC (min.) 1.2 

100 1300 1440 

1002 Voo Supply Current, STD 54 60 rnA RAS, CAS at VIH 
TIL Standby LOW 43 48 other inputs ;:: V SS 

1003 V 00 Supply Current, 70 1730 1920 

RA8-0nly Refresh 80 1510 1680 rnA tRC = tRC (min.) 2 

100 1300 1440 

1004 V 00 Supply Current, Fast 70 1260 1400 

Page Mode Operation 80 1080 1200 rnA Minimum Cycle 1,2 

100 972 1080 

1005 V 00 Supply Current, STD 72 80 mA RAS=VIH, CAS=Vll 1 

Standby, Output Enabled LOW 47 52 other inputs ;:: V ss 

1006 V 00 Supply Current, STD 36 40 mA RAS;:: Voo-O.2 V, 

CMOS Standby LOW 23 25.6 CAS at VIH 
other inputs ;:: V ss 

Vil Input Low Voltage -1 0.8 -1 0.8 V 3 

(all inputs) 

VIH Input High Voltage 2.4 Voo 2.4 Voo V 3 

(all inputs) +1 +1 

VOL Output Low Voltage 0.4 0.4 V IOl = 4.2 mA 

VOH Output High Voltage 2.4 2.4 V IOH =-5 mA 
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MOSEL-VITELIC 

AC Characteristics 
T A = O°C to 70°C, V DO = 5 V ±1 0%, v ss = OV unless otherwise noted 
AC Test conditions, input pulse levels 0 to 3V 

JEDEC 70170L 
# Symbol Symbol Parameter 

Min. Max. 

1 tRL1RH1 tRAS RAS Pulse Width 70 75K 

2 tRl2Rl2 tRC Read or Write Cycle Time 130 

3 tRH2Rl2 tRP RAS Precharge Time 50 

4 tRL1CH1 icSH CAS Hold Time 70 

5 icL1CH1 leAs CAS Pulse Width 20 

6 tRL1CL1 tRCD RAS to CAS Delay 20 50 

7 'wH2Cl2 tRCS Read Command Setup Time 0 

8 tAVRl2 tASR Row Address Setup Time 0 

9 tRL1AX tRAH Row Address Hold Time 10 

10 tAVCL2 tASC Column Address Setup Time 0 

11 icL1AX leAH Column Address Hold Time 15 

12 icL1RH1(R) tRSH(R) RAS Hold Time (Read Cycle) 20 

13 icH2Rl2 icRP CAS to RAS Precharge Time 5 

14 icH2WX tRCH Read Command Hold Time 0 
Referenced to CAS 

15 tRH2WX tRRH Read Command Hold Time 0 
Referenced to RAS 

16 h10V leAc Access Time from CAS 20 

17 tRL1QV tRAC Access Time from RAS 70 

18 tAVQV leAA Access Time from Column 35 
Address 

19 h1QX \z CAS to Low-Z Output 0 

20 icH20Z tHZ CAS to High-Z Output 0 20 

21 tRL1AX tAR Column Address Hold Time 55 

fromRAS 

22 tRL1AV tRAD RAS to Column Address 15 35 
Delay Time 
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80/80L 10/10L 
Unit Notes 

Min. Max. Min. Max. 

80 75K 100 75K ns 

150 180 ns 

60 70 ns 

80 100 ns 

20 25 ns 

20 60 25 75 ns 4 

0 0 ns 

0 0 ns 

10 15 ns 

0 0 ns 

15 20 ns 

20 25 ns 

5 10 ns 

0 0 ns 5 

0 0 ns 5 

20 25 ns 6.7 

80 100 ns 6.8.9 

40 45 ns 6.7.10 

0 0 ns 16 

0 20 0 20 ns 16 

60 75 ns 

15 40 20 55 ns 11 



MOSEL-VITELIC V104J2321236 

AC Characteristics (Cont'd.) 

JEDEC 70nOL SO/SOL 10/10L 
# Symbol Symbol Parameter Unit Notes 

Min. Max. Min. Max. Min. Max. 

23 tCL1RH1(W) tRSH(W) RAS or CAS Hold Time 20 20 25 ns 

in Write Cycle 

24 WL1CH1 IcwL Wr~e Command to CAS 20 20 25 ns 

Lead Time 

25 WL1Cl2 WCS Write Command Setup Time 0 0 0 ns 12,13 

26 IcL1WH1 WCH Write Command Hold Time 15 15 20 ns 

27 WL1WH1 WP Write Pulse Width 15 15 20 ns 

28 tRL1WH1 WCR Write Command Hold Time 55 60 75 ns 

fromRAS 

29 WL1RH1 tRWL Write Command to RAS 20 20 25 ns 

Lead Time 

30 tOVWl2 tos Data in Setup Time 0 0 0 ns 14 • 31 WL10X IoH Data in Hold Time 15 15 20 ns 14 

32 IcL1CH1 IcRW CAS Pulse Width (RMW) 75 75 90 ns 

33 Icl2Cl2 tpc Fast Page Mode 45 50 55 ns 

Read or Write Cycle Time 

34 IcH2Cl2 tcp CAS Precharge Time 10 10 10 ns 

35 tAVRH1 tCAR Column Address to RAS 35 40 45 ns 

Setup Time 

36 IcH2QV tCAP Access Time from 40 45 50 ns 7 

Column Precharge 

37 tRL10X tOHR Data in Hold Time 55 60 75 ns 

Referenced to RAS 

38 tCL1Rl2 IcsR CAS Setup Time 10 10 10 ns 

CA8-before-RAS Refresh 

39 tRH2Cl2 tRPC RAS to CAS Precharge Time 10 10 10 ns 

40 tRL1CH1 IcHR CAS Hold Time 30 30 30 ns 

CA8-before-RAS Refresh 

1,- 1,- Transition Time 3 50 3 50 3 50 ns 15 

(Rise and Fall) 

tAl Refresh Interval 8 8 8 ms 17 

(512 Cycles) 
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MOSEL-VITELIC V104J2321236 

Notes: 
1. 100 is dependent on output loading when the device output is selected. Specified 100 (max.) is measured with the 

output open. 

2. 100 is dependent upon the number of address transitions. Specified 100 (max.) is measured with a maximum of two 
transitions per address cycle in Fast Page Mode. 

3. Specified V1L (min.) is steady state operating. During transitions, V1L (min.) may undershoot to -1.0 V for a period 
not to exceed 20 ns. All AC parameters are measured with V1L (min.) ~ V ss and V1H (max.) ~ V DO' 

4. tRCD (max.) is specified for reference only. Operation within tRCD (max.) limits insures that ~AC (max.) and leAA 
(max.) can be met. If ~CD is greater than the specified tRCD (max.), the access time is controlled by leAA and leAC' 

5. Either tRRH or tRCH must be satisified for a Read Cycle to occur. 

6. Measured with a load equivalent to two TTL inputs and 50 pF. 

7. Access time is determined by the longer of tCAA' leAC or leAP' 

8. Assumes that tRAD ~ tRAD (max.). If tRAD is greater than ~AD (max.), tRAC will increase by the amount that tRAD 
exceeds tRAD (max.). 

9. Assumes that tRCD ~ tRCD (max.). If tRCD is greater than tRCD (max.), tRAC will increase by the amount that tRCD 
exceeds tRCD (max.). 

10. Assumes that tRAD ~ tRAD (max.). 

11. Operation within the ~AD (max.) limit ensures that tRAC (max.) can be met. tRAD (max.) is specified as a reference 
point only. If tRAD is greater than the specified tRAD (max.) limit, the access time is controlled by leM and lcAc' 

12. !wcs is not a restrictive operating parameter. 

13. !wcs (min.) must be satisfied in an Early Write Cycle. 

14. los and loH are referenced to the latter occurrence of CAS or WE. 

15. 1r is measured between V1H (min.) and V1L (max.). AC-measurements assume 1r = 5 ns. 

16. tLZ and ~ define the time at which DOUT reaches an open circuit and are not referenced to the output voltage levels. 

17. An initial 200 lIS pause and 8 RAS-containing cycles are required when exiting an extended period of bias without 
clocks. An extended period of time without clocks is defined as one that exceeds the specified Refresh Interval. 
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Waveforms of Read Cycle 

RAS I.\H -
V1L -

CAS 
VIH -

V1L -

ADDRESS 
V1H -

V1L -

W 
V1H -

V1L -

I/O 
VQH-

VOL -

Waveforms of Early Write Cycle 

RAS 

CAS 

ADDRESS 

W 

VIH -

V 1L -

VIH-

V1L -

V 1H -

V1L -

V 1H -

V1L -

1+------------- t RC (2)---------+i 
t--------tRAS(1)--------I~ 

-----.....,,L 1""1--- tAR (21) -----I~ J.,..--~-...."L 

1/0 V 1H - ------------{! VALID DATA-IN I)--------HIGH-Z ---------
V 1L - ""-_____ 7" 

100502 
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Waveforms of Fast Page Mode Read Cycle 

RAS 

CAS 

ADDRESS 
V 1H -

V 1L -

V 1H -
W 

V 1L -

110 

100503 

Waveforms of Fast Page Mode Write Cycle 

RAS 
VIH-

V 1L -

CAS 
V 1H -

V 1L -

ADDRESS 

W 
V 1H -

V 1L -

110 
V 1H -

V 1L -

67504 
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Waveforms of RAS-Only Refresh Cycle 

t-----------tRC(2)---------~ 

RAS 
V 1H - -------i- foo>-------- tRAS(1)------~ J,-----i-

V 1l -

CAS 
V 1H -

V 1l -

ADDRESS 
V1H -

V 1l -

1005 06 

NOTE: W = Don't care 

Waveforms of CAS-before-RAS Refresh Cycle 

14------ t RC(2)--------------., 

t------tRAS(1)------~ t RP (3) 
J,------------i- J,------------i-

RAS 

t------ tCHR (40) ----~ 
t CSR (3B) • CAS 

V 1H -

V 1l -

t HZ (20) 

1/0 
V OH-

V OL - 1005 07 

NOTE: W. Ao -A 8 = Don1 care 
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Waveforms of Hidden Refresh Cycle (Read) 

RAS 
VIH-

V 1L -

V IH -
CAS 

V 1L -

ADDRESS 
V 1L -

W 
V1H -

V IL -

tHZ (20) 

VOH-
VALID DATA I/O 

VOL-
1005 08 

Waveforms of Hidden Refresh Cycle (Write) 

VIH-
RAS 

V 1L -

CAS 
V1H -

V 1L -

ADDRESS 
V 1L -

W 
V1H -

V 1L -

V1H -
I/O 

V 1L -

tWCS(~"i. t WCH (26)=:I 

--r-lZZ---r->ZZZ...,.r..,.pZ"""""'j)JJ L y,.......ZZ"T'""rZZ-r-rZZ-r-rZZ-r-.ZZ....,......,Z~ZZ.,......,..ZZ"T'""rZZ-r-rZZ-r-rZZ-r-.ZZ-'-'Z 

~::::r:,~§: __ VAuD~I~XXXXXXXm 
t DHR (37) 1005 09 
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Waveforms of CAS-before-RAS Refresh Counter Test Cycle 

---------- I AAS (1)--------------<~ 

RAS 
VIH- .c------:( 
V IL -

CAS 
V 1H -

V IL -

ADDRESS 
VIH -

V IL -

WE 
V IH -

V IL -

110 
VIH -

V IL -

WE 
VIH -

V IL - • 110 
VIH -

V IL - 1005 10 
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MOSEL-VITELIC V400J8I9 PRELIMINARY 
4M X 8, 4M X 9 BIT FAST PAGE MODE 
CMOS DYNAMIC RAM MEMORY MODULE 
HIGH PERFORMANCE, LOW POWER 

HIGH PERFORMANCE V400J8I9 

Max. RAS Access Time, (tRAC> 

Max. Column Address Access Time, (IcAA> 

Min. Fast Page Mode Cycle Time, (tpc> 

Min. ReadlWrile Cycle Time, (IRC> 

LOW POWER V400J8I9L 

Max. CMOS Standby Current, (1006> 

Features 
• 4M x 8 and 4M x 9-bit organization 
• Utilizes eight or nine 4M x 1 CMOS RAMs 
• RAS access time: 70, 80, 100 ns 
• Low power dissipation 

• V400J8/9-80 
- Operating Current - 6401720 mA max. 
- TIL Standby Current - 18 mA max. 

• Low CMOS Standby Current 
• V40OJ8/9 - 8/9 mA max. 
• V40OJ8/9L - 3.213.6 mA max. 

• Battery Back-up Mode (V400J8/9L Only) 
• Read-Modify-Write, RA5-0nly Refresh, 

CAS-Before-RAS Refresh capability 
• Refresh Interval 

• V400J8/9 - 1024 cycles/16ms 
• V40OJ8/9L -1024 cycles/64ms 

• Substrate bias generator on each chip 
• Fast Page Mode for a sustained data rate 

greater than 20 MHz 
• Available in standard 30-lead single-in-line 

module 

Device Usage Chart 

Operating Bit Organization 
Temperature 

x8 I x9 Range 

O·C-70·C • I • 
V400J8/9 Rev. 01 November 1991 

70nOL SO/SOL 10110L 

70 ns 80ns 100 ns 

35ns 40ns 50ns 

50 ns 55 ns 65 ns 

130ns 150 ns 180 ns 

70L SOL 10L 

3.2/3.6 rnA 3.213.6 rnA 3.213.6 rnA 

Description 

The V40OJ8/9 are high speed 4,194,304 x 8/9 bit 
CMOS dynamic random access memory modules. 
The V40OJ8/9 offers a combination of features: Fast 
Page Mode for high data bandwidth, fast usable 
speed, CMOS standby current and, on request, 
extended refresh for very low data retention power 
(V40OJ8/9L). 

All inputs and outputs are TIL compatible. Input 
and output capacitances are significantly lowered to 
allow increased system performance. Fast Page 
Mode operation allows random access of up to 1024 
bits within a row with cycle times as short as 50 ns. 
Because of static circuitry, the CAS clock is not 
in the critical timing path. The flow-through column 
address latches allow address pipelining while relax
ing many critical system timing requirements for fast 
usable speed. These features make the V400J8/9L 
ideally suited for high performance computing sys
tems. 

The V400J8/9L offer a maximum data retention 
power of 26.5/30 mW when operating in CMOS 
standby mode and performing CAS-before-RAS re
fresh cycles. 

Module Type Access TIme (ns) Power 

S I L 70 I 80 I 100 Std I Low 

• I • • I • I • • I • 
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MOSEL-VITELIC V400J8I9 

Part Number Information 

VDD (1) 

Pin Configuration 
x 9 Organization 

VDD (1) 

V400J ___ _ II L 70 (70 ns ACCESS TIME) 
SPEED: 80 (BO ns ACCESS TIME) 

10 (100 ns ACCESS TIME) 

MODULE HEIGHT (IN INCHES) 

MODULE FDGE CONTACT: ~: ~~~~:i:6E'D 

CONFIGURATION ::!~ ~: 

4M x 819 MEMORY MODULE 
USES 819 4M X 1 SOJ CMOS DRAMS 

Pin Names (x 9 Organization) 

Name Description 

AG-A10 Address Inputs 

RAS Row Address Strobe 

§ I V53C4001 I V&1C400 I CAS (2) CAS (2) 
001 (3) 001 (3) CAS,CAS9 Column Address Strobes 

AO (4) 
Al (5) 

002 (6) 
A2 (7) 
A3 (8) 

VSS (9) 
003(10) 

A4 (11) 
AS (12) 

004(13) 
AS (14) 
A7(15) 

005(16) 
A6(17) 
A9(16) 

Ala (19) 
006(20) 
WE (21) 

VSS(22) 
007(23) 
NC(2') 

006(25) 
09 (2S) 

RAS (27) 
CAS9(26) 

09(29) 
VDD (30) 

§ I V53C4001 

AO (4) 

EJ Al (5) 
002 (S) 

0 A2 (7) 

§ I V53C4001 

A3 (8) EJ VSS (9) 
003(10) 

§ I V53C4001 

A4 (11) EJ AS (12) 
004(13) 

0 AS (14) 

B I V53C4001 
A7(15) 

DQ5(16) 
0 A8(17) 

§ I V53C4001 

A9(16) 
Ala (19) 
~(20) 

§ IV53C4001 

WE (21) 
VSS (22) 
007(23) 

0 NC(24) 

§ I V53C4001 

000(25) 
~(26) 
RAS (27) 

§ I V53C4001 

CASS (28) 
09(29) 

VDD (30) 

SMODULE LMODULE 

NOTE: x 8 Organization 
Pins 26, 28, 29 are not connected 

Absolute Maximum Ratings" 

Ambient Temperature 
Under Bias ................................. -10°C to +80°C 

Storage Temperature (plastic) .... -55°C to +125·C 
Voltage Relative to Vss ............................ -1.0 to +7.0 V 
Data Out Current ......................................... 50 rnA 
Power Dissipation ......................................... 9.0 W 

"Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 

WE Write Enable 

D01-D08 Data InlData Out 

D9 

09 

VDD 

VSS 
NC 

Data In 

Data Out 

5 V Supply 

Ground 

No Connection 

__ x 8 Organization 
CAS9, D9, 09 are not connected 

Capacitance" (x9 Organization) 
TA = O·C to 70·C, VDD = 5 V ±10%, vss = 0 v 

Symbol Parameter Min. Max. 

CIN Input Capacitance, 70 
Address Inputs 

CIN Input Capacitance, 75 

RAS, WE 

CIN(DQ) Data Input/Output 20 

Capacitance,001-0Q8 

C1N(CAS) Input CapaCitance, CAS 75 

CIN(CAS9) Input Capacitance, CAS9 7 

C1N(D9) Input Capacitance, 09 7 

CO(Q9) Output Capacitance, Q9 7 

-Note: Capacitance is sampled and not 100% tested. 

Unit 

pF 

pF 

pF 

pF 

pF 

pF 

pF 
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MOSEL-VITELIC 

Functional Diagram 

DOl 

D02 

D03 

DQ4 

AO-Al0 

Voo 
VSS 

1 

1 

I 

I 

1 

, 
t-
t-

~ 

I-
t-

x 9 Organization 

oJ D05 1 
r-'\ 

0 
r-'\ 

0 

::: AO-Al0 ::: AO-Al0 

RAS 4Mxl , RAS 
- CAS 

DRAM 
t- - CAS 

- WE I- - WE 

-H- H~ 
oJ 1 

::;::; 0 DOS -0 

::: AO-A1O :) AO-Al0 

RAS 4Mxl - RAS 
~ CAS 

DRAM 
c- CAS 

- WE - WE 

~ 
oJ 1 

::;::; 0 D07 G\ 0 

~ 
AO-Al0 

~ 
AO-Al0 

RAS 4Mxl RAS 

- CAS 
DRAM r- CAS 

t- WE r- WE 

~ ~ 
oJ 1 

~ 0 
DQ8 G\ 0 

~ 
AO-A1O 

~ 
AO-Al0 

RAS 4Mxl RAS 
r- CAS 

DRAM r- CAS -I- WE ~ r- WE 

~~ I-

D9 

~ 
0 
AO-Al0 

AAs 
CAS 

WE 

~ 

NOTE: x 8 Organization 
CAS9, 09, 09 are not connected 
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MOSEL-VITELIC V400J8I9 

DC and Operating Characteristics (1-2) 
T A = O·C to 70·C, V DD = 5 V ± 10%, V 55 = 0 V, unless otherwise specified. 

V400J8 V400J9 
Access 

Symbol Parameter Power Time Min. Max. Min. Max. Unit Test Conditions Notes 

III Input Leakage Current -80 80 -90 90 I'A Vss '" V1N ." Voo 
(any input pin) 

ILO Output Leakage Current -10 10 -10 10 I1A Vss'" VOUT '" Voo 
(for High-Z State) RAS, CAS at V1H 

70 720 810 

1001 V DO Supply Current, 
80 640 720 rnA tRC = tRC (min.) 1,2 

Operating 
100 560 630 

1002 V DO Supply Current, 16 18 rnA RAS, CAS at V1H 
TIL Standby other inputs ~ V ss 

70 720 810 

1003 
V DO Supply Current, 80 640 720 rnA ~c = tRC (min.) 2 
RAS-Only Refresh 

100 560 630 

10D4 V DO Supply Current, 70 640 720 
II 

Fast Page Mode 80 560 630 mA Minimum Cycle 1,2 
Operation 

100 480 540 

1005 V DO Supply Current, STD 40 45 mA RAS=V1H, CAS=V1L 
Standby, Output Enabled other inputs ~ V ss 

LOW 32 36 

1006 V DO Supply Current, STD 8 9 RAS ~ Voo- 0.2 V 

CMOS Standby mA CAS ~ Voo - 0.2V 

LOW 3.2 3.6 other inputs ~ V ss 

1007 Battery Back-up LOW 4.8 5.4 mA CAS-Belore-RAS 18 

Data Retention Current Relresh cycle 

(Only V400J8/9L) ~c= 62.511S 
CMOS clock levels 

V1L Input Low Voltage -1.0 0.8 -1.0 0.8 V 3 

V1H Input High Voltage 2.4 Voo+1 2.4 Voo+1 V 3 

VOL Output Low Voltage 0.4 0.4 V IOL =4.2 mA 

VOH Output High Voltage 2.4 2.4 'oH=-5 mA 
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AC Characteristics 
T A = DoC to 70oe, v DO = 5 V ±10%, v ss = 0 V, unless otherwise noted 

70/l SOIL 1 OIL 
# JEDEC Symbol Parameter Unit Notes 

Symbol Min. Max. Min. Max. Min. Max. 

1 ~L1RH1 tRAS RAS Pulse Width 70 75K 80 75K 100 75K ns 

2 tRL2RL ~C Read or Write Cycle Time 130 150 180 ns 

3 tRH2RL2 tRP RAS Precharge Time 50 60 70 ns 

4 tAVRL2 tASR Row Address Setup Time 0 0 0 ns 

5 tRL1AX tRAH Row Address Hold Time 10 10 15 ns 

6 tAVRH1 hR Column Address to RAS 35 40 50 ns 
Setup Time 

7 tRL1AV tRAD RAS to Column Address 15 35 15 40 20 50 ns 4 
Delay Time 

8 tAVCL2 tASC Column Address Setup Time 0 0 0 ns 

9 h1AX 'cAH Column Address Hold Time 15 15 20 ns 

10 tRL1CL1 tRCD RAS to CAS Delay 20 50 20 60 25 75 ns 5 

11 tRL10V tRAC Access Time from RAS 70 80 100 ns 6,7,8 

12 tAVOV 'cAA Access Time from Column 35 40 50 ns 8,9,10 
Address 

13 'cL10V hc Access Time from CAS 20 20 25 ns 8,10 

14 'cL1CH1(R) hS(R) CAS Pulse Width in 20 10K 20 10K 25 10K ns 
Read Cycle 

15 tCL1RH1(R) tRSH(R) RAS Hold Time (Read Cycle) 20 20 25 ns 

16 iwH2CL2 tRCS Read Command Setup Time 0 0 0 ns 

17 'cH2WX tRCH Read Command Hold Time 0 0 0 ns 11 
Referenced to CAS 

18 tRH2WX tRRH Read Command Hold Time 0 0 0 ns 11 
Referenced to RAS 

19 tCH2RL2 'cRP CAS to RAS Precharge Time 5 5 10 ns 

20 'cH20X 'oFF Output Buller 0 15 0 20 0 25 ns 12 
Turn Off Delay 
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AC Characteristics (Cont'd.) 

701L SOIL 1 OIL 
# JEDEC Symbol Parameter Unit Notes 

Symbol Min. Max. Min. Max. Min. Max. 

21 tCH2QV IoH Data Hold Time from CAS 0 0 0 ns 11 

22 WL1WHl Wp Write Pulse Width 10 15 20 ns 

23 tCH2Cl2 Icp CAS Precharge Time 10 10 10 ns 

24 tRL1AX tAR Column Address Hold Time 55 60 75 ns 
from RAS 

25 hlCH1(W) icAs(w) CAS Pulse Width in 20 20 25 ns 
WrHeCycle 

26 IcL1RH1(W) tRSH(W) RAS or CAS Hold Time 20 20 25 ns 

in Write Cycle 

27 tRL1WHl WCR WrHe Command Hold Time 55 60 75 ns 
fromRAS 

28 WL1CL2 wcs WrHe Command Setup Time 0 0 0 ns 13,14 • 29 IcL1WHl WCH Write Command Hold Time 10 15 20 ns 

30 tDVWl2 los Data In Setup Time 0 0 0 ns 15 

31 WH1DX IoH Data In Hold Time 15 15 20 ns 15 

32 tRL1DX IoHR Data In Hold Time 55 60 75 ns 
Referenced to RAS 

33 IcH2QV icAp Access Time from 40 45 55 ns 17 
Column Precharge 

34 Icl2Cl2(R) tpc Fast Page Mode Read or 50 55 65 ns 
Write Cycle Time 

35 WL1RHl tRWL Write Command to RAS 20 20 25 ns 
Lead Time 

36 tWL1CHl tCWL Write Command to CAS 20 20 25 ns 
Lead Time 

37 tRH2CL2 tRPC RAS to CAS Precharge Time 5 5 5 ns 

38 tCL1RL2 tCSR CAS Setup Time 5 5 5 ns 

CAS-before-RAS Refresh 
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AC Characteristics (Cont'd.) 

701L SOIL 1 OIL 
# JEDEC Symbol Parameter Unit Notes 

Symbol Min. Max. Min. Max. Min. Max. 

39 'RL1CHl 'cHR CAS Hold Time 15 15 15 ns 

CA8-before-RAS Cycle 

40 'RL1CHl 'CSH CAS Hold Time 70 80 100 ns 

41 'wH2Rl2 'wRP WE '0 RAS precharge time 10 10 10 ns 
(CAS-Before-RAS Refresh cycle) 

42 'RL1Wl2 'wRH WE Hold Time from RAS 10 10 10 ns 

(CAS-Before-RAS Refresh Cycle) 

43 'wL1Rl2 'wSR RAS to WE set-up Time 10 10 10 ns 20,21 

(Test Mode) 

44 tRL1WHl 'wHR RAS to WE hold Time 10 10 10 ns 20,21 

(Test Mode) 

45 'r 'r Transition Time 3 50 3 50 3 50 ns 16 

(Rise and Fall) 

46 tREF Refresh Interval 16 16 16 ms 19 

(1024 Cycles) 

47 tREF Refresh Interval 64 64 64 ms 18,19 

V40OJ8I9L Only 

(1024 Cycles, tRC = 62.5 J!S) 
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Notes: 
1. '00 is dependent on output loading when the device output is selected. Specified '00 (max.) is measured with the 

output open. 

2. '00 is dependent upon the number of address transitions. Specified '00 (max.) is measured with a maximum of two 
transitions per address cycle in Fast Page Mode. 

3. Specified V1L (min.) is steady state operating. During transitions, V1L (min.) may undershoot to -1.0 V for a period 
not to exceed 20 ns. All AC parameters are measured with V1L (min.) ~ V ss and V1H (max.) s V DO. 

4. Operation within the ~AO (max.) limit ensures that ~AC (max.) can be met. ~AO (max.) is specified as a reference 
point only. If tRAO is greater than the specified tRAO (max.) limit, the access time is controlled by IcAA and tCAC. 

5. tRCO (max.) is specified for reference only. Operation within tRCO (max.) limits insuresthat~Ac (max.) and IeM (max.) 
can be met. If tRCO is greater than the specified tRCO (max.), the access time is controlled by tCM and tCAC. 

6. Assumes thattRAo stRAO (max.). IftRAO is greater than ~AO (max.), tRAC will increase by the amountthattRAo exceeds 
tRAO (max.). 

7. Assumesthat~co s~co (max.).lf~co is greater than ~co (max.), tRAC will increase by the amountthat~co exceeds 
tRCO (max.). 

8. Measured with a load equivalent to two TTL inputs and 100 pF. 

9. Assumes that tRAO ~ ~AO (max.). 

10. Access time is determined by the longest of tCM' IeAC and leAp. 

11. Either tRRH or tRCH must be satisified for a Read Cycle to occur. 

12. taFF and tON define the time at which DOUT reaches an open circuit condition and are not referenced to the output 
voltage level. 

13. !wes is not a restrictive operating parameter. 

14. fwcs (min.) must be satisfied in an Early Write Cycle. 

15. los and tOH are referenced to the latter occurrence of CAS or WE. 

16. 1r is measured between V1H (min.) and V1L (max.). AG-measurements assume 1r = 5 ns. 

17. Assumes a three-state test load (5 pF and a 380 Ohm Thevenin equivalent). 

18. An initial 200 lIS pause and 8 RAS-containing cycles are required when exiting an extended period of bias without 
clocks. An extended period of time without clocks is defined as one that exceeds the specified Refresh Interval. 

19. This is battery backup data retention mode under CAS-before-RAS refresh cycles. 

~c = 62.5 lIS (62.5 lIS x 1024 = 64 ms) 

~AS = ~AS (min) to 1 lIS 

Input voltages: RAS and CAS 

WE andOE 

V1H > V DO - 0.2 V 

V1L <0.2 V 

V1N > Voo -0.2 V 

All other inputs at stable V1H or V1L 

20. The test mode is initiated by performing a WE and CAS-before-RAS cycle. This mode is latched and remains in 
effect until the exit cycle is generated. The test mode specified in this data sheet is 8-bits parallel testing function. 

RA,o' CA,o' CAo are not used. In the read cycle, if two internal bits on one I/O pin are equal, the I/O pin will indicate 
a high level. If internal bits on one I/O are not equal, then the I/O pin will indicate a low level. The test mode is cleared 
and the memory device returned to its normal operational state by performing a RAS-only refresh cycle or a CAS
before-RAS refresh cycle. 

21. In a test mode read cycle, the value of access time parameters is delayed by 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value (5 ns) to the specified value in this 
data sheet. 
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Waveforms of Read Cycle 

V1H -
RAS V 1L -

V 1H -
WE V1L -

Dour VOH-
VOL -

I+---------------IRC (2) ------------1""1 

1+----------1 RAS(I) --------~ 

158101 

Waveforms of Early Write Cycle 

V 1H -
RAS V 1L -

V1H -
CAS V 1L -

WE ~:~ = 
V 1H -
V1L -

Dour ~~= 

1+---------------IRC(2)----------~ 

1+----------1 RAS(I) --------_ 

1------- 1 DHR (32) -----.I 

----------HIGH-Z--------------------

158102 
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Waveforms of Fast Page Mode Read Cycle 

CAS 

V 1H -
WE V 1L -

14"""------------1 RAS (1) --------< >---------+1 

----HIGH-Z 

• Valid Data 

Waveforms of Fast Page Mode Write Cycle 

V400J8I9 

158103 

14"""------------1 RAS (1) -------'<<---------~ 

CAS 

ICRP(19)1--

1 RCD (10) ....;-;-j4-----';.r. .. 
V1H -
V1L -

iI--~ 

158104 
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Waveforms of CA5-before-RAS Refresh Cycle 

V1H -
RAS V1L -

CAS 
V1H -
V1L -

WE 
V1H -
V1L -

D VOH-
OUT VOL -

14----------IRC (2) ---------~ 

1+----1 RAS (1) --------~ 
~--------~ ~--------~ 

1 RP(3) 

1 CP(23) 14---+i 1----+-1 CHR (39) 

I+-~~ 1 WRH(42) 

1+---.IIOFF(20) 

_ ___________ )>--------HIGH-Z-------------------

158107 

Waveforms of Hidden Refresh Cycle (Read) 

RAS V1H -
V 1L -

CAS 

DOUT ~~= 

---... i-+---- 1 RAS (1) ---~ ,,-----"" ...,0----- 1 RAS (1) ---~ 

1 RCD (10) --------1 IRSH (R)(15) 

ICAR(6)

I+--~I CAH (9) 

1 CAA(12) I+----t 

14--- 1 RAC (11) ---t 

----- HIGH-Z------(J 
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IRP(3) 

14---- 1 CHR (45) --.-I 

VAUDDATA 
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Waveforms of Hidden Refresh Cycle (Write) 

--"""'" .-----IRAS(I) ---_ ,,---"\1 ""'1----- I RAS (1) ---_ 

CAS 

DOUT V OH -
VOL -

-I RCD (10) ---r----i 
I RSH (W)(26) 

1----1 DHR (32)---~ 

IRP(3) 

------------- HIGH-Z ----------------
158109 

Test Mode Initiation Cycle 

14------------ IRC (2) ------------t 

No4------- IRAS(I)-------~ 
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Waveforms of RA5-0nly Refresh Cycle 

Dour VOH-
VOL -

~--------------tAC(2)------------t 

~--------tRAS(l)---------t 

----~ ~--------~ 

tAP(3) 
14---~ tAAH (5) 

--------------------HIG~Z-------------------------------------

158105 

Waveforms of CA5-Sefore-RAS Refresh Counter Test Cycle 

V1H -
RAS V 1L -

V1H -
CAS V 1L -

V1H -
V1L -

-----.. ~----tAAS(1l__---__ --tASH(W)(26) ---~ 

14---t CHA(37) 

WRITE CYCLE 

------------HIGH-Z----++-------------

twcs (28) 1---11----1 t WCH (29) 

158106 
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FuncUonalDescripUon 

The V400Ja19 are CMOS dynamic RAM modules 
optimized for high data bandwidth, low power 
applications. The V40OJa/9 reads and writes data by 
multiplexing a 22-bit address into an 11-bit row and 
an 11-bit column address. The row address is 
latched by the Row Address Strobe (RAS). The 
column address flows through an internal address 
buffer and is latched by the Column Address Strobe 
(CAS). Because access time is primarily dependent 
on a valid column address rather than the precise 
time that the CAS edge occurs, the delay from RAS 
to CAS has little effect on the access time. 

Memory Cycle 

A memory cycle is initiated by bringing RAS low. 
Any memory cycle, once initiated, must not be ended 
or aborted before the minimum tRAS time has expired. 
This ensures proper device operation and data 
integrity. A new cycle must not be initiated until the 
minimum precharge time tRpltcp has elapsed. 

Read Cycle 

A Read ~Ie is performed by holdin~ Write 
Enable (WE) Signal high during a RAS/CAS 
operation. The column address must be held for a 
minimum time specified by tAR" Data Out becomes 
valid only when tRAC' tCAA and lcAC are all satisfied. 
As a result, the access time is dependent on the 
timing relationships between tRAC' tCAA and tCAC. For 
example, the access time is limited by lcAA when tRAC 
(min.) and hc (min.) are both satisfied. 

Write Cycle 

A Write cycle is performed by taking WE and CAS 
low during a RAS operation. The column address is 
latched by CAS. The write can be WE controlled or 
CAS controlled depending on whether WE or CAS 
falls later. Consequently, the i~t d~ta must be valid 
at or before the falling edge of WE or CAS, whichever 
occurs last. In a CAS-controlled Write Cycle when 
the leading edge of WE occurs prior to the CAS low 
transition, the output (Dour) pin will be in the High-Z 
state at the beginning of the Write function. Ending 
the Write with RAS or CAS will maintain the output in 
the High-Z state. 
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Refresh Cycle 

To retain data, 1024 Refresh Cycles are required in 
each 16 ms period. There are two ways to Refresh 
the memory: 

1. By selecting all 1 024 address combinations of 
AO through A 10 each 16 ms, a refresh of all rows 
is completed. Any Read, Write, Read-Modify
Write or RAS-only cycle refreshes the addressed 
row. 

2. Using a CAS-before-RAS Refresh Cycle. If CAS 
makes a transition from low to high to low after the 
previous cycle and before RAS falls, CAS-before
RAS refresh is activated. The V53C400 will use 
the output of an internal 10-bit counter as the 
source of row addresses and ignore external 
address inputs. 

CAS-before-RAS is a "refresh-only" mode and no 
data access or device selection is allowed. Thus, 
Dour will remain in the High-Z state during the cycle. 

A CAS-before-RAS counter test mode is provided 
to ensure reliable operation of the internal refresh 
counter. The user can use the counter test mode to 
write consecutive data patterns (1024 Write cycles) 
and then verify the written data by applying 1024 
consecutive Read cycles. In this mode, the 
V400Ja/9 ignores external row/column addresses 
and takes the output from the internal counter 
instead. 

Data Retention Mode 

The V40OJa/9 offers a CMOS standby mode that is 
entered by causing the RAS clock to swing between 
a valid V1L and an "extra high" V1H within 0.2 V of V DO. 

While the RAS clock is at the "extra high" level, the 
V400Ja/9 power consumption is reduced to the low 
1006 level. Overall 100 consumption when operating 
in this mode can be calculated as follows: 

1= 

Refresh Cycle Time 
Refresh Interval I 1024 
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Fast Page Mode Operation 

Fast Page Mode operation permits all 2048 
columns within a selected row of the device to be 
randomly accessed at a high data rate. Maintaining 
RAS low while performing successive CAS cycles 
retains the row address internally and eliminates the 
need to reapply it for each cycle. The column 
address buffer acts as a transparent or flow-through 
latch while CAS is high. 

Thus, access begins at the occurance of a valid 
column address rather than at the falling edge of 
CAS, eliminating tASC and tr from the critical timing 
path. CAS latches the address into the column 
address buffer and acts as on output enable. 

During Fast Page Mode operation, Read or Write 
cycles are possible at random addresses within a 
row. Following the initial entry cycle into Fast Page 
Mode, access is tCAA or tCAP controlled. If the column 
address is valid prior to the rising edge of CAS, the 
access time is determined by the by the CAS rising 
edge. If the column address is valid after the rising 
edge of CAS, the access is timed from the 
occurrance of the valid address and is ~ified by 
tcAA. In both cases, the falling edge of CAS latches 
the address and enables the output. 

Fast Page Mode provides a sustained data rate of 
over 20 MHz for applications that require high data 
rates like bit-mapped graphics or high-speed signal 
processing. The following equation can be used to 
calculate the data rate: 

2,048 
Data Rate = ----

tRC + 2,047 x tpc 

Data Output Operation 

The V400J8/9 Data Output pin (Dour) has a 
three-state capability and is controlled by CAS. 
When CAS is high(2! V1H), the output is in the High-Z 
state. Table 1 summarizes the Dour states possible 
for various memory cycles. 

V40OJ8I9 

Power On 

After application of the V 00 an initial pause of 200 
~s is required followed by a minimum of 8 
initialization cycles (any combination of cycles 
containing a RAS clock). Eight initialization cycles 
are required after extended periods of bias without 
clocks (greater than the Refresh Interval). During 
power on, the V DO current requirement of the 
V40OJ8/9 is dependent on the input levels of RAS 
and CAS. If RAS is Low during power on, the device 
will go into an active cycle and 100 will exhibit current 
transients. It is recommended that RAS and CAS 
track with V DD or be held at a valid V1H during power 
on to avoid current surges. 
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Table 1. V400J8I9 Data Output 
Operation for Various Cycle Types 

Cycle Type Dour State 

Read Cycles Data from Addressed 
Memory Cell 

CA8-Controlled Write High-Z 
Cycle (Early Write) 

WE-Controlled Write Active, not valid 
Cycle (Late Write) 

Fast Page Mode Read Data from Addressed 
Cycle Memory Cell 

Fast Page Mode Read- Data from Addressed 
Modify-Write Cycle Memory Cell 

RA8-0nly Refresh High-Z 

CA8-before-RAS Data remains as in 
Refresh Cycle previous cycle 

CA8-0nly Cycles High-Z 
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4Mx32& 4Mx36 

PRELIMINARY 

CMOS MEMORY MODULES 

Features 
• 4,194,304 x 36 bit organization (V400J36) 
• 4,194,304 x 32 bit organization (V400J32) 
• Utilizes 4M x 1 CMOS DRAMs 
• Fast access times: 70 ns, 80 ns 
• Fast Page mode operation 
• CAS before RAS refresh, RAS only refresh, 

and Hidden refresh capability 
• Single 5 V ±10% supply 
• All I/O are fully TTL compatible 
• Standard 72-lead single-in-line module 
• 1024 Refresh Cycles every 16 msec 

Description 
The V400J32 Memory Module is organized as 

4,194,304 x 32 bits and the V40OJ36 is orgranized 
as 4,194,304 x 36 bits in a 72-lead single-in-line 
module. The 4M x 32 memory module uses 324M x 
1 DRAMs and the 4M x 36 memory module uses 36 
4M x 1 DRAMs. The x32/36 modules are ideal for 
use in i486 systems where high memory density 
and fast access times are needed. 

V400J32136 
Pin Configuration 

DDDDDDDDDDDDD 
1 VSS 19 
2 DQO 20 
3 D018 21 
4 DOl 22 
5 D019 23 
6 DQ2 24 
7 DQ20 25 
8 D03 26 
9 DQ21 27 
10 VDD 28 
11 NC 29 
12 AO 30 
13 Al 31 
14 A2 32 
15 A3 33 
16 A4 34 
17 A5 35 
18 A6 36 

'V400J32 only 

Device Usage Chart 
Operating 

Temperature 
Range 

0"C-70·C 

V40OJ32136 Rev.oo Apri11993 

II 0 

'V400J36 only 

Al0 37 D0171NC' 55 D012 
DQ4 38 DQ35/NC' 56 DQ30 
DQ22 39 VSS 57 D013 
DQ5 40 CASO 58 D031 
DQ23 41 CAS2 59 VDD 
DQ6 42 CAS3 60 DQ32 
D024 43 CASl 61 D014 
D07 44 RASO 62 DQ33 
DQ25 45 NC 63 D015 
A7 46 NC 64 DQ34 
NC 47 Vi 65 D016 
VDD 48 NC 66 NC 
A8 49 DQ9 67 '1 
A9 50 DQ27 68 '2 
NC 51 DOlO 69 '3 
RAS2 52 DQ28 70 '4 
DQ26/NC' 53 DOll 71 NC 
D08/NC' 54 DQ29 72 VSS 

Organization Module Type 

4Mx32 I 4Mx36 S 

• I • • 
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V4OOJ32/36 

·70 -80 

'1 VSS VSS 
'2 NC NC 
'3 VSS NC 
'4 NC VSS 

, Presence detection. Pin 
connection change is available 
on request. 

Access Time (ns) Power 

70 I 80 Std 

• I • • 
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Part Number Information 

V400J L ------l-lL SPEED 70 (70 ns ACCESS TIME) 
80 (80 ns ACCESS TIME) 

MODULE HEIGHT (IN INCHES): L: 1.25 

MODULE EDGE CONTACT' G: GOLD PLATED 
• S: TIN PLATED 

CONFIGURATION: :~:~ ~ ~ 

4M x 32136 MEMORY MODULE 
USES 4M X 1 SOJ DRAMS 

Pin Names 

Name Description 

A~A10 Address Inputs 

RASO,RAS2 Row Address Strobes 

CAS(}-cAS3 Column Address Strobes 

W ReadlWrite Input 

DQ~DQ35 Data In/Data Out 

VDD 5 V Supply 

Vss Ground 

NC No Connection 
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Absolute Maximum Ratings"' 

Ambient Temperature 
Under Bias ............•...........•.......... -1 DoC to +80°C 

Storage Temperature (plastic) ..... -55°C to +125°C 
Voltage on any Pin Except Voo 

Relative to Vss ........................................ -1.0 to +7.0 V 
Voltage on Voo relative to Vss ........... -1.0 to +7.0 V 
Data Out Current ..........•...............•...•...•....... 50 mA 
Power Dissipation ..........................•.•...•••..•.. 21.6 W 

·Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 

Capacitance"' 
TA = O°C to 70°C, Voo = 5 V ±10%, Vss = 0 V 

Symbol Parameter Min. Max. Unit 

CIN Input Capacitance, 195 pF 
Address Inputs 

CIN Input CapaCitance, W 257 pF 

CIN(OO) Input Capacitance, 17 pF 
Data Inputs 

CIN(RAS) Input Capacitance, 131 pF 
RASO, RAS2 

CIN(CAS) Input C~itance, 68 pF 
CA~AS3 

CO(VDD) Oecoupling Capacitance 0.4 IlF 

·Note: Capacitance is sampled and not 100% tested 
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V400J32 Functional Diagram 
CASo DQo CAS. CAS 00'8 
RASo Ul 

RAS. RAS 
U19 

U2 
DO, CAS U20 

DO,. 
RAS 

U3 
002 CAS U21 0020 

RAS 

U4 DO. CAS U22 
002, 

RAS 

DO. CAS U23 
0022 

US 
DOs U24 D02a 

U7 
DOs CAS U25 

0024 
RAS 

UB 
DQ7 

U26 
0025 • 

CAS, Ul0 
DOs CAS. U2B 0027 

Ull 00'0 U29 
D02s 

U12 
0011 

U30 
D02s 

U13 
DO,. 

U31 
DOso 

U14 
DO,. 

U32 
DO., 

U15 
DO,. 

U33 
DQ02 

Dour 
WE A<>-A,o 

U16 00'5 U34 
DQas 

U17 00'6 U35 
D0a4 

WE 
A<>-A,o 

Vee 
22"" :!: :!: TO vee Ul-U36 

C,--Cs6 10"F T Cs7. Cas 
Vss T TO GND Ul-U24 
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V4OOJ36 Functional Diagram 

DQo CAB:! DO,. 
RAB:! 

DO, DQ,. 

002 D020 

DQa D021 

D04 DQ22 

DQ5 D023 

DQo 0024 

DQ7 DQ25 

DQa DQ26 

DQo CAS. D027 

DO,o DQ26 

D011 DQ2g 

DO'2 DQao 

DO,. DQa, 

DO'4 DQ32 

D015 DQao 

DO,. D034 

D017 DQ36 

WE------------~~----------------------~ 
~,O------------------_4 ________________________________ ~ 

Vee --------x ..... --------------.... xr---------------- TO vee Ul-U36 
22pf =r C,-Ca8 10~F =r Co7 CoB 

GND..... ..... • TO GND Ul-U24 
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DC and Operating Characteristics 
T A = O·C to 70·C, V DO = 5 V ±10%, V 88 = 0 V, unless otherwise specified. 

Access V400J32 V400J36 
Symbol Parameter Time Unit Test Conditions Notes 

(ns) Min. Max. Min. Max. 

III Input Leakage Current -360 -360 -360 -360 !lA Vss $ VIN $ Voo 
(any input pin) 

ILO Output Leakage Current -20 20 -20 20 !lA ~ "isJur $ Voo 
(for High-Z State) RAS, CAS at VIH 

IDOl Voo Supply Current, 3402 3780 mA 41c = tRC (min.) 1,2 
Operating 

1002 Voo Supply Current, 65 72 mA RAS, CAS at VIH 
TTL Standby other inputs;:: Vss 

1003 ~ Supply Current, 3402 3780 mA tRC = tRC (min.) 2 
RAS-Only Refresh 

10D4 Voo Supply Current, Fast 2590 2880 mA Minimum Cycle 1,2 
Page Mode Operation 

1005 Voo Supply Current, 32 36 mA RAS=VIH, CAS=VIL 1 
Standby, Output Enabled other inputs ;:: V 55 

VIL Input Low Voltage -1 0.8 -1 0.8 V 3 
(all inputs) 

VIH Input High Voltage 2.4 Voo 2.4 Voo V 3 
(all inputs) +1 +1 

VOL Output Low Voltage 0.4 0.4 V IOL = 4.2 mA 

VOH Output High Voltage 2.4 2.4 V IOH =-5 mA 
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AC Characteristics 
T A = O'G to 70'G, VDD = 5 V ±10%, Vss = 0 V, unless otherwise noted. 
AG Test conditions, input pulse levels 0 to 3V 

JEDEC 
# Symbol Symbol Parameter 

Min. 

1 tRL1RHl tRAS RAS Pulse Width 70 

2 tRL2RL2 ~C Read or Write Cycle Time 130 

3 tRH2RL2 tAP RAS Precharge Time 50 

4 tRL1CHl tcSH CAS Hold Time 70 

5 tcL1CHl hs CAS Pulse Width 20 

6 tAL1CLl tACD RAS to CAS Delay 20 

7 'wH2CL2 tACS Read Command Setup Time 0 

8 tAVAL2 tASA Row Address Setup Time 0 

9 tAL1AX tAAH Row Address Hold Time 10 

10 tAVCL2 tASC Column Address Setup Time 0 

11 hlAX hH Column Address Hold Time 15 

12 tCLl AHl (A) tASH(A) RAS Hold Time (Read Cycle) 20 

13 tcH2RL2 tcRP CAS to RAS Precharge Time 5 

14 tcH2WX tACH Read Command Hold Time 0 
Referenced to CAS 

15 tRH2WX tAAH Read Command Hold Time 0 
Referenced to RAS 

16 tcL10V hc Access Time from CAS 

17 tAL10V tRAC Access Time from RAS 

18 tAVOV hA Access Time from Column 
Address 

19 tcL10X tLZ CAS to Low-Z Output 5 

20 tcH20Z tHZ CAS to High-Z Output 0 

21 tALl AX tAA Column Address Hold Time 55 
fromRAS 

22 tRL1AV ~AD RAS to Column Address 15 
Delay Time 
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V40OJ32136 

70 80 
Unit Notes 

Max. Min. Max. 

75K 80 75K ns 

150 ns 

60 ns 

80 ns 

20 ns 

50 25 60 ns 4 

0 ns 

0 ns 

15 ns 

0 ns 

15 ns 

20 ns 

10 ns 

0 ns 5 

0 ns 5 

20 20 ns 6, 7 

70 80 ns 6,8,9 

35 40 ns 6,7,10 

5 ns 16 

15 0 15 ns 16 

60 ns 

35 20 40 ns 11 



MOSEL-VITELIC V40OJ32136 

AC Characteristics (Cont'd.) 

JEDEC 70 80 
# Symbol Symbol Parameter Unit Notes 

Min. Max. Min. Max. 

23 lcL1RH1(W) tRSH(W) RAS or CAS Hold Time 20 20 ns 
in Write Cycle 

24 IwL1CH1 lcwL Write Command to CAS 20 20 ns 
Lead Time 

25 IwL1CL2 Iwcs Write Command Setup Time 0 0 ns 12, 13 

26 tCL1WH1 IwCH Write Command Hold Time 15 15 ns 

27 IwL1WH1 Iwp Write Pulse Width 15 15 ns 

28 tRL1WH1 IwCR Write Command Hold Time 55 60 ns 
fromRAS 

29 IwL1RH1 tRWL Write Command to RAS 20 20 ns 
Lead Time 

30 IoVWL2 los Data in Setup Time 0 0 ns 14 • 31 1wL10X IoH Data in Hold Time 15 15 ns 14 

32 lcL1CH1 lcRW CAS Pulse Width (RMW) 75 75 ns 
Fast Page Mode R-M-W 

33 lcL2CL2 tpc Fast Page Mode 50 55 ns 
Read or Write Cycle Time 

34 lcH2CL2 lcp CAS Precharge Time (Fast Page) 10 10 ns 

35 tAVRH1 leAR Column Address to RAS 45 45 ns 
Setup Time 

36 tCH2QV leAp Access Time from CAS Precharge 45 45 ns 7 

37 tRL10X tOHR Data in Hold Time 55 60 ns 
Referenced to RAS 

38 tCL1RL2 lcSR CAS Setup Time 10 10 ns 
CA8-before-RAS Refresh 

39 tRH2CL2 tRPC RAS to CAS Precharge Time 10 10 ns 

40 tRL1CH1 tCHR CAS Hold Time 30 30 ns 
CAS-before-RAS Refresh 

1r 1r Transition Time 5 50 5 50 ns 15 
(Rise and Fall) 

tRI Refresh Interval 16 16 ms 17 
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MOSEL-vrrELIC V40OJ32136 

Notes: 
1. 100 is dependent on output loading when the device output is selected. Specified 100 (max.) is measured with the 

output open. 
2. 100 is dependent upon the number of address transitions. Specified 100 (max.) is measured with a maximum of two 

transitions per address cycle in Fast Page Mode. 

3. Specified V1L (min.) is steady state operating. During transitions. V1L (min.) may undershoot to -1.0 V for a period not 
to exceed 20 ns. All AC parameters are measured with V1L (min.) ~ Vss and V1H (max.) s VOO. 

4. tRCO (max.) is specified for reference only. Operetion within ~co (max.) limits insures that tRAC (max.) and fcAA (max.) 
can be met If tRCO is greater than the specified tRCO (max.). the access time is controlled by fcAA and tcAC. 

5. Either tRRH or tRCH must be satisified for a Read Cycle to occur. 

6. Measured with a load equivalent to two TIL inputs and 100 pF. 

7. Access time is determined by the longer of tcAA' tcAc or tcAp. 

8. Assumes that~o s tRAO (max.). If~AO is greater than tRAO (max.). tRAC will increase by the amount that ~AO exceeds 
~AO (max.). 

9. Assumes thattRco stRCO (max.).lf~co is greater than ~CO (max.). tRAC will increase by the amountthattRco exceeds 
tRCO (max.). 

1 O.Assumes that tRAO ~ ~AO (max.). 

11. Operation within the tRAO (max.) limit ensures that tRAC (max.) can be met ~O (max.) is specified as a reference point 
only. If tRAO is greater than the specified ~AO (max.) limit. the access time is controlled by fcAA and tcAC. 

12. wcs is not a restrictive operating parameter. 

13. wcs (min.) must be satisfied in an Early Write Cycle. 

14. tos and toH are referenced to the latter occurrence of CAS or WE. 

15. tT is measured between V1H (min.) and V1L (max.). AC-measurements assume tr = 5 ns. 

16. u and \iz define the time at which DOUT reaches an open circuit and are not referenced to the output voltage levels. 

17. An initial 200 lIS pause and 8 RAS-containing cycles are required when exiting an extended period of bias without 
clocks. An extended period of time without clocks is defined as one that exceeds the specified Refresh Interval. 
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MOSEL-VITELIC V400J32136 

Waveforms of Read Cycle 

RAS 
V1H -

V1L -

CAS 
VIH -

V1L -

ADDRESS 
V1H -

V1L -

Vi V1H -

V1L -

1/0 
VOH-

VOL -

1+-------------tRC(2)--------__.j 
1+----------tRAS (1)------+l 

-----~ 1-----tAR (21)----+l l..r----~-----

1+------tcsH (4)--+------+1 
--+----+1 

VALID DATA-OUT 

Waveforms of Early Write Cycle 

RAS 

CAS 

ADDRESS 

W 

1/0 

V1H -

V1L -

VIH -

V1L -

V1H -

V1L -

V1H -

V1L -

V1H -

1+--------------tRC~)----------.j 
1+--------tRAS(1)-------~ 

------,il+---- t AR (21)-----+( .r------,L 

-------------(J VALID DATA-IN /)-------HIGH-Z --------V1L - ,;.. _____ T 
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MOSEL-VITELIC 

Waveforms of Fast Page Mode Read Cycle 

RAS 

ADDRESS 

w 

I/O 

V1H -

V 1L -

V1H -

V 1L -

Waveforms of Fast Page Mode Write Cycle 

RAS 
VIH-

V 1L -

CAS 
V 1H -

V 1L -

ADDRESS 

W 
V 1H -

V 1L -

110 
V 1H -

V 1L -

V400J32136 
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Waveforms of RAS-Only Refresh Cycle 

RAS 

CAS 

VIH-

V 1L -

V 1H -

V 1L -

t----------tRC(2)----------t 

------"""- i"">-------tRAS (1)---------I j.-----,l-

ADDRESS 
V 1H -

V 1L -

NOTE: W = Don't care 

Waveforms of CA5-before-RAS Refresh Cycle 

t------ t RC(2)------------------I 

RAS 
VIH-

1------tRAS(1) ------~ t RP (3) 

1-----------~ ~------~--~ 

V 1L -

CAS 
V 1H -

V 1L -

t RPe (39)-

tCP(34) 

Q 
tCHR (40) 

-tCSR (38) 

J V / 
1HZ (20) 

I/O 
V OH- "\: 
V OL-

NOTE: Iii. Ao -Ag = Don1 care 
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Waveforms of Hidden Refresh Cycle (Read) 

RAS 
VIH-

V 1L -

V 1H -
CAS 

V Il -

ADDRESS 
V 1H -

V 1L -

W 
V 1H -

V 1L -

110 

Waveforms of Hidden Refresh Cycle (Write) 

VIH-
RAS 

V 1L -

CAS 
V 1H -

V 1L -

ADDRESS 
VIL -

W 
V 1H -

V 1L -

V 1H -
1/0 

V 1L -

I WCS (2.!.1. I WCH (26)=::::1 

....,...,ZZ....,...,ZZZ~fZ""T'"'1l/)iT L yr-rZZ7'"7'"ZZ7'"7'ZZ-r7ZZ~Z~ZZrr-ZZr7""ZZ7'"7'"ZZ7'"7'ZZ-r7ZZ~Zr-r7ZZ 

IDS~30) 1: I:IDH~31) xxxxOC VAuooAMCI'IXIXXX!JXXXXXXXX'IXIXXXXX'IXIX 
I OHR (3n 
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Waveforms of CA8-before-RAS Refresh Counter Test Cycle 

RAS 
VIH-

V'L -

CAS 
V'H-

V 1l -

ADDRESS 
V'H-

V 1L -

WE 
V1H -

V'L -

I/O 
V'H-

V ,L -

WE 
V'H-

V'L -

II 
V'H-110 
V'L -

4-79 



MOSEL-VITELIC V404J8 and V404J9 PRELIMINARY 
1MX9, 
1M X 8 BIT FAST PAGE MODE 
CMOS DYNAMIC RAM MEMORY MODULE 

HIGH PERFORMANCE V404J8I9 

Max. RAS Access Time, (tRAC) 

Max. Column Address Access Time, (tCAA) 

Min. Fast Page Mode Cycle Time, (tpc) 

Min. ReadIWrite Cycle Time, (tRC) 

LOW POWER V404J8I9L 

Max. CMOS Standby Current, (Ioos) 

Features 
• 1 M x a and 1 M x 9-bit organization 
• Utilizes 1 M x 4 and 1 M x 1 CMOS DRAMs 
• RAS access time: 60, 70, ao, 100 ns 
• Low power dissipation 

• V404Ja/9-80 
- Operating Current - 160/230 mA max. 
- TTL Standby Current - 4/6 mA max. 

• Low CMOS Standby Current 
• V404Ja/9 - 2/3 mA max. 
• V404Ja/9L - O.a/l mA max. 

• Battery Back-up Mode (V404J8/9L Only) 
• Read-Modify-Write, RAS-Only Refresh, 

CAS-Before-RAS Refresh capability 
• Refresh Interval 

• V404J8/9 -1024 cycles/16ms 
• V404J8/9L -1024 cycles/64ms 

• Fast Page Mode for a sustained data rate 
greater than 20 MHz 

• Available in standard 3D-lead single-in-line 
module 

Device Usage Chart 

Operatln9 Bit Organization 
Temperature 

Range x8 I x9 

0·C-70·C • I • 
V404JBi9 Rev.03 February 1993 

60/60L 70170L 80/SOL 10/10L 

60 ns 70 ns 80ns 100 ns 

30ns 35ns 40ns 50 ns 

45ns 50 ns 55ns 65 ns 

120ns 130ns 160 ns 180ns 

10L 

0.8/1 mA 

Description 

The V404Ja/9 are high speed 1 ,04a,576 x a/9 bit 
CMOS dynamic random access memory modules. 
The V 404Ja/9 offers a combination of features: Fast 
Page Mode for high data bandwidth, fast usable 
speed, CMOS standby current and, on request, 
extended refresh for very low data retention power 
(V404J8/9L). 

All inputs and outputs are TTL compatible. Input 
and output capacitances are significantly lowered to 
allow increased system performance. Fast Page 
Mode operation allows random access of up to 1 024 
bits within a row with cycle times as short as 45 ns. 
Because of static circuitry, the CAS clock is not 
in the critical timing path. The flow-through column 
address latches allow address pipelining while relax
ing many critical system timing requirements for fast 
usable speed. These features make the V404Ja/9L 
ideally suited for high performance computing 
systems. 

The V404Ja/9L offer a maximum data retention 
power of 6.6/a.3 mW when operating in CMOS 
standby mode and performing CAS-before-RAS 
refresh cycles. 

Module Type Access Time (ns) Power 

S I L 60 I 70 I 80 I 100 Std I Low 

• I . • I • I • I • • I . 
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MOSEL-VITELIC V404J8 and V404J9 

Part Number Information 

Pin Configuration 
x B Organization 

~ .1.... _ _ _ _ 60 (60 ns ACCESS TIME) II L 70 (70 ns ACCESS TIME) 
SPEED: 60 (60 ns ACCESS TIME) 

10 (100 ns ACCESS TIME) 

MODULE HEIGHT (IN INCHES): U: 0.5 
N: 0.65 

MODULE EDGE CONTACT· G: GOLD PLATED 
. S: TIN PLATED 

CONFIGURATION ~~ ~ ~ 

DRAM PACKAGE J: SOJ/PLCC 

1 M x 8/9 MEMORY MODULE 
1 M x 8 MODULE USES (2) 1 M x 4 CMOS DRAMS 
1M x 9 MODULE USES (2) 1M x 4 AND (1) 1M x 1 CMOS DRAMS 

Pin Names (x B Organization) 

Name Description 
AO-A9 Address Inputs 

RAS Row Address Strobe 
VCADOS (1) g 

(2) 
001 (3) 

VOO (1) 
CAS (2) 
001 (3) CAS Column Address Strobes 

MJ (4) 
Al (5) 

~J~lg 0 A4 (11) ~ is 
AS (12) ~ 

004 (13) 
AS (14) 
A7 (15) 

l~'0 ~~l~: ~ 
NC (24) 

DOs (25) 
NC (26) 

RAS (27) 
NC (2S) ~ 
NC (29) El 

VOO (30) P 

SMOOULE 

AD (4) 
Al (5) 

002 (6) 
A2 (7) 
AS (8) 

VSS (9) 
003 (10) 

A4 (11) 
AS (12) 

004 (13) 
A6 (14) 
A7 (15) 

005 (16) 
AS (17) 
A9 (18) 
NC (19) 

DOs (20) 
WE (21) 

VSS (22) 
007 (23) 

NC (24) 
DOs (25) 
NC (26) 

RAS (27) 
NC (28) 
NC (29) 

VOO (30) 

Absolute Maximum Ratings~ 

Ambient Temperature 
Under Bias ................................. -1 D·C to +80·C 

Storage Temperature (plastic) .... -55·C to + 125·C 
Voltage Relative to Vss ............................ -1.0 to +7.0 V 
Data Out Current .......................................•. 50 mA 
Power Dissipation ......................................... 9.0 W 

-Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 
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WE Write Enable 

OQ1-DQ8 Data InlData Out 

VDO 5 V Supply 

Vss Ground 

NC No Connection 

Capacitance~ (xB Organization) 
TA = D·Cto 70·C, VOD = 5 V ±10%, vss = 0 V 

Symbol Parameter Min. Max. Unit 

CIN Input Capacitance. 30 pF 
Address Inputs 

CIN ~ Capacitance. 30 pF 
RAS. WE 

CIN(OQ) Input Capacitance. 15 pF 
Data Inputs 

CIN(CAS) Input Capacitance, CAS 30 pF 

'Note: Capacitance is sampled and not 100% tested. 
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MOSEL-VITELIC V404J8 and V404J9 

Part Number Information 

Pin Configuration 
x 9 Organization 

--

V404 ..L _ _ _ _ 60 (60 nsACCESS TIME) II L SPEED' 70 (70 ns ACCESS TIME) 
. 80 (80 ns ACCESS TIME) 

10 (100 ns ACCESS TIME) 

MODULE HEIGHT (IN INCHES): U: 0.5 
N: 0.65 

MODULE EDGE CONTACT' G: GOLD PLATED 
. S: TIN PLATED 

CONFIGURATION :: ~: 

DRAM PACKAGE J: SOJIPLCC 

1 M x 819 MEMORY MODULE 
1 M x 8 MODULE USES (2) 1 M x 4 CMOS DRAMS 
1M x 9 MODULE USES (2) 1M x4AND (1) 1M x 1 CMOS DRAMS 

Pin Names (x 9 Organization) 

Name Description 

AO-A9 Address Inputs 

RAS Row Address Strobe 

VDD (1) l ~ CAS (2) 
001 (3) 

VDD (1) 
CAS (2) 
001 (3) CAS,CAS9 Column Address Strobes 

AO (4) 15 
Al (5) <S 

DQ2 (6) t;l 
A2 (7) > 
A3 (8) 

VSS (9) 

~ml ~ A5(12) 
004(13) 

A6(14) ~ 
A7(15) 

005 (16) ~ t;l 

::g~l > 
NC(19) 

005(20) 

v~~~ 0 007(23) 
NC(24) 

og:~:l ~ 
RAS(27) ~ ~ 

CAS9(28) > 
09(29) 

VDD(30) 

SMODULE 

AD (4) 
Al (5) 

DQ2 (6) 
A2 (7) 
A3 (8) 

VSS (9) 
003(10) 

A4 (11) 
A5(I2) 

004(13) 
AS (14) 
A7(15) 

006(16) 
AS (17) 
A9(18) 
NC(19) 

QQ!? (20) 
WE (21) 

VSS(22) 
007(23) 
NC(24) 

008(25) 
09(26) 

RAS (27) 
CAS9(28) 

09(29) 
VDD(30) 

Absolute Maximum Ratings* 

Ambient Temperature 
Under Bias ................................. -1O°C to +80°C 

Storage Temperature (plastic) .... -55°C to + 125°C 
Voltage Relative to Vss ............................ -1.0 to +7.0 V 
Data Out Current ......................................... 50 mA 
Power Dissipation ......................................... 9.0 W 

"Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 
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WE Write Enable 

001-008 Data InlData Out 

09 Data In 

09 Data Out 

VDD 5 V Supply 

Vss Ground 

NC No Connection 

Capacitance* (x9 Organization) 
TA = (}OCto 700C, VDD = 5 V ±10%, vss = 0 V 

Symbol Parameter Min. Max. Unit 

CIN Input Capacitance, 30 pF 
Address Inputs 

CIN Input Capacitance, 30 pF 
RAS, WE 

CIN(DO) Input Capacitance, 15 pF 
Data Inputs 

CIN(CAS) Input Capacitance, CAS 30 pF 

CIN(CAS9) Input Capacitance, CAS9 10 pF 

CIN(D9) Input Capacitance, 09 10 pF 

CO(09) Output CapaCitance, Q9 10 pF 

CO(VDD) Decoupling Capacitance 0.2 J.1F 

'Note: CapaCitance is sampled and not 1 00% tested. 



MOSEL-VITELIC 

Functional Diagram 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
AD 
A9 

RAS 

WE 

CAS 

001 
OQ2 

OQ3 

OQ4 
DQ5 

DQ6 

007 
DQ8 

Vee 

Vee 
Vss 
Vss 

4 

~ 
~ o-l?--
~ 
~ 
~ o-1L 

27 

21 

2 

3 

'-6-" 
10 

13 

16 

20 

23 

25 

~ 
~ 
~ 

V404J8 and V404J9 

x 8 Organization 

AO-A9 

I- RAS Vee 

IT f-
- lMx40RAM WE 

f- CAS 
V53C404 

Vss 
110, 1102 1103 1104 OE 

J J J 
I 

'- AO-A9 
'-- RAS Voo If - WE lMx40RAM 

- CAS 
V53C404 

Vss 
110, 1/02 1103 1104 OE 

J 
J 

J 

I 
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MOSEL-VITELIC 

Functional Diagram 

AD 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 

RAS 

WE 
CAS 

DOl 
D02 
DQ3 

DQ4 

DQ5 

D06 
D07 
DOB 

CAS9 

D9 

as 
Vee 

Vee 

Vss 

Vss 

~4 

g:f=: 
~ 
~ 
~ 
~ 
~ o1L 

27 

~21 

2 

3 
Ll'"6 

10 

13 

16 

20 

"-23 
25 

~ 

28 

29 

26 

~ 
~ 

V404J8 and V404J9 

x 9 Organization 

ACl-A9 

I- RAS Vee [I - lMx4DRAM I- WE 
I- CAS 

V53C404 

Vss 

1/01 1/02 1/0 3 1/0 4 OE 

J J J 
I 

ACl-A9 -
Vee q RAS - lMx4DRAM WE 

CAS 
V53C404 

Vss 

1/01 1/0 2 1/03 1/04 6E 
J J J 

I 

- ACl-A9 
Vee 

1 - RAS - lMx 1 DRAM 
'--- WE V53Cl00 

CAS Vss 
D Q 

I 



MOSEL-vrrELIC V404J8 and V404J9 

DC and Operating Characteristics (1-2) 
T A = O°C to 70°C, V DD = 5 V ± 10%, V 55 = 0 V, unless otherwise specified. 

V404J8 V404J9 
Access 

Symbol Parameter Power Time Min. Max. Min. Max. Unit Test Conditions Notes 

III Input Leakage Current -20 20 -30 30 I1A Vss $ VIN $ Voo 
(any input pin) 

ILO Output Leakage Current -10 10 -10 10 I1A VssS VOUT $ Voo 
(for High-Z State) RAS, CAS at VIH 

1001 V DO Supply Current, 60 190 280 

Operating 
70 180 260 rnA tAC = tRC (min.) 1,2 

80 160 230 

100 140 200 

1002 V DO Supply Current, 4 6 rnA RAS, CAS at VIH 
TIL Standby other inputs ~ V ss 

1003 V 00 Supply Current, 60 190 280 

RAS-Only Refresh, 70 180 260 mA tRC = tAC (min.) 2 

80 160 230 

100 140 200 

10D4 V DO Supply Current, 60 190 270 

Fast Page Mode 
70 160 250 mA Minimum Cycle 1,2 

Operation 
80 140 200 

100 120 175 

10D5 V DO Supply Current, STD 10 13 rnA RAS=VIH, CAS.VIL 
Standby, Output Enabled other Inputs ~ V ss 

LOW 8 10 

1006 V DO Supply Current, STD 2 3 RAS~ Voo- 0.2 V 

CMOS Standby mA CAS ~ Voo - 0.2V 

LOW 0.8 1 other inputs ~ V ss 

1007 Battery Back-up LOW 1.2 1.5 rnA CAS-Before-RAS 18 

Data Retention Current Refresh cycle 

(Only V404J8/9L) tRC = 62.5 J1S 
CMOS clock levels 

VIL Input Low Voltage -1.0 0.8 -1.0 0.8 V 3 

VIH Input High Voltage 2.4 Voo+l 2.4 Voo+l V 3 

VOL Output Low Voltage 0.4 0.4 V IOL =4.2mA 

VOH Output High Voltage 2.4 2.4 IOH =-5 mA 
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MOSEL-VITELIC 

AC Characteristics 
T /i.= O·C to 70·C, Voo = 5 V ±100/0, Vss = OV unless otherwise noted 
Ac Test conditions, input pulse levels 0 to 3V 

JEDEC 60/60l 70f10l 
# Symbol Symbol Parameter 

Min. Max. Min. Max. 

1 tRL1RH1 tRAS RAS Pulse Width 60 75K 70 75K 

2 tRl2Rl2 tRC Read or Write Cycle Time 120 130 

3 tRH2Rl2 tRP RAS Precharge Time 50 50 

4 tRL1CH1 fcsH CAS Hold Time 60 70 

5 IeL1CH1 leAS CAS Pulse Width 20 10K 20 10K 

6 tRL1CL1 tRCO RAS to CAS Delay 20 20 50 

7 WH2Cl2 tRCS Read Command Setup Time 0 0 

8 tAVRl2 tASR Row Address Setup Time 0 0 

9 tRL1AX tRAH Row Address Hold Time 10 10 

10 tAVCl2 tASC Column Address Setup Time 0 0 

11 h1AX leAH Column Address Hold Time 15 15 

12 IeL1RH1(R) tRSH(R) RAS Hold Time (Read Cycle) 15 20 

13 IeH2Rl2 IeRP CAS to RAS Precharge Time 5 5 

14 IeH2WX tRCH Read Command Hold Time 0 0 
Referenced to CAS 

15 tRH2WX tRRH Read Command Hold Time 0 0 
Referenced to RAS 

16 1eL10V IeAC Access Time from CAS 15 20 

17 tRL10V tRAC Access Time from RAS 60 70 

18 tAVOV IcAA Access Time from Column 30 35 
Address 

19 1eL10X U CAS 10 Low-Z Output 0 0 

20 IeH20Z ~Z CAS to High-Z Output 0 20 0 20 

21 tRL1AX tAR Column Address Hold Time 50 55 
from RAS 

22 IRL1AV IRAO RAS 10 Column Address 15 30 15 35 
Delay Time 
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V404J8 and V404J9 

80/80l 100l100l 
Unit Notes 

Min. Max. Min. Max. 

80 75K 100 75K ns 

150 180 ns 

60 70 ns 

80 100 ns 

20 10K 25 10K ns 

20 60 25 75 ns 4 

0 0 ns 

0 0 ns 

10 15 ns 

0 0 ns 

15 20 ns 

20 25 ns 

5 10 ns 

0 0 ns 5 

0 0 ns 5 

20 25 ns 6,7 

80 100 ns 6,8,9 

40 50 ns 6,7,10 

0 0 ns 16 

0 25 0 25 ns 16 

60 75 ns 

15 40 20 50 ns 11 



MOSEL-VITELIC V404J8 and V404J9 

AC Characteristics (Cont'd.) 

JEDEC 60/60L 70170L 80/80L 1001100L 
# Symbol Symbol Parameter Unit Notes 

Min. Max. Min. Max. Min. Max. Min. Max. 

23 Iel1RH1(W) tRSH(W) RAS or CAS Hold Time 15 20 20 25 ns 
in Write Cycle 

24 Wl1CH1 IeWL Write Command to CAS 15 20 20 25 ns 
Lead Time 

25 Wl1CL2 WCS Write Command Setup Time 15 0 0 0 ns 12,13 

26 tCL1WH1 WCH Write Command Hold Time 10 10 15 20 ns 

27 WL1WH1 WP Write Pulse Width 10 10 15 20 ns 

28 tRL1WH1 WCR Write Command Hold Time 50 55 60 75 ns 
from RAS 

29 WL1RH1 tRWL Write Command to RAS 15 20 20 25 ns 
Lead Time 

30 IoVWL2 los Data in Setup Time 0 0 0 0 ns 14 

31 WL10X tOH Data in Hold Time 15 15 15 20 ns 14 

32 Iel1CH1 IeRW CAS Pulse Width (RMW) 65 75 75 90 ns • 33 Iel2Cl2 tpc Fast Page Mode 45 50 55 65 ns 
Read or Write Cycle Time 

34 IeH2Cl2 lep CAS Precharge Time 10 10 10 10 ns 

35 tAVRH1 leAR Column Address to RAS 30 35 40 50 ns 
Setup Time 

36 IeH20V tCAP Access Time from 35 40 45 55 ns 7 
Column Precharge 

37 tRL10X tOHR Data in Hold Time 50 55 60 75 ns 
Referenced to RAS 

38 Iel1RL2 tCSR CAS Setup Time 5 5 5 5 ns 
CAS-before-RAS Refresh 

39 tRH2CL2 tRPC RAS to CAS Precharge Time 5 5 5 5 ns 

40 tRL1CH1 tCHR CAS Hold Time 15 15 15 15 ns 
CA&-before-RAS Refresh 

41 !wRP Write to RAS Recharge Time 10 10 10 10 ns 

42 !wRH Write to RAS Hold Time 10 10 10 10 ns 

~ ~ Transition Time 3 50 3 50 3 50 3 50 ns 15 
(Rise and Fall) 

tRI Refresh Interval 16 16 16 16 ms 17 
(1024 Cycles) 
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Waveforms of Read Cycle 

.... ------------tRC(2)---------+l 
.... ---------tRAS (l)-------Iooj 

_ ~H _ -----_1/+----tAR(21)---~ I-k-----+-----

RAS V1L -

V1H -
ADDRESS V1L _ 

.... -----tCSH (4)--+-----+l 
,..f-----I..j ----10014-----', t RSH (R)(12) ----'-~ 
.k:---t+----"""'!In. IoIo------'tCAS (5)---+1 r-+t--±-----""'-' 

1+------<*-tCAH (11) 

1+---:---- t CAA(lB)---t 

I----=tCAC (16) 
i+------t RAC(17)-----t 

VOH-
va VOL _ -------------II-----{I VALID DATA-OUT 

t LZ (19) 

Waveforms of Early Write Cycle 

i------------- tRC(2)--------_+i 
.... -------tRAS(l)---------I~ 

V1H _ -----_1i----- tAR(21)----+1 J..----~L 

RAS V1L -

158201 

V1H - "'lM~-)'_r--_+-_1,...,-k--+-+---_1"'~~<"""It"~.n~m_,~~."..,._?I'''''II"'''J\ ,----

ADDRESS V1L - ~:tL..lor..;;/~ __ +_..:T~'"f-+-II---..r~L.JI.....lL...lL..:~I-.lL...v..j~~~~L.JI.....lL.:,r \. __ _ 

V 1H - ................................. -.-.................. '" 

WE V1L - ~~~~~~~~~~~_+-II---~~~~~~~~~~~~~~~~~~~ 

V 1H -
I/O V1L _------------<l~_VA_L_ID_D_p;._ifA_-_IN_J-------HIGH-Z --------

158202 
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Waveforms of Fast Page Mode Read Cycle 

RAS 

ADDRESS 

IJO 

V1H -

V 1L -

Waveforms of Fast Page Mode Write Cycle 

VIH-
RAS V 1L -

V 1H -
CAS 

V 1L -

V IH - -'''''''"7""'T"':''''' 

V404J8 and V404J9 

1582 D3 

WE V 1L - ~~~~L.~~~ ______ ~~~~~~+-__ ~~~~L.~++ ____ ~~~~~~L.~_ 

V1H -

I/O V1L - ----~;......==~T 
158204 
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Waveforms of RAS-Only Refresh Cycle 

14---------IRC(2)---------~ 

_ VIH - ------i. ""1-------IRAS(1)--------<~ j:-----:t. 
RAS V 1L _ 

_ VIH--------~~-Hr-------------------------
CAS v IL - ______ ..I 

NOTE: WE = Don~ care 

Waveforms of CA5-before-RAS Refresh Cycle 

-VIH
RAS 

t------ 1RC(2)---------------i 
14-----tRAS(1) -----~ 

~----------i. 1-----~ 
V 1L -

_ V 1H -
CAS V 1L - __ ....J 

WE V1H -

V1L - ..,.. ................ p 

)/0 VOH -

t+---- t CHR (40) ---~ 

158205 

VOL - _______ ...T 
158206 
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Waveforms of Hidden Refresh Cycle (Read) 

-VIH
RAS 

V 1L -

ADDRESS V1H -
V 1L -

VOH -
I~ VOL-----------------------~ 

Waveforms of Hidden Refresh Cycle (Write) 

VIH-
RAS 

V 1L -

CAS 
V 1H -

V 1l -

ADDRESS 
V 1L -

WE V1H -

V IL - .t.......r......I.-'--'-+-r......I.-'-~__1----------'"L.J 

V404J8 and V404J9 

VALID DATA 

158207 

tDS~~ '~ 
110 ~:: = XXXXX VAliD DATMCr.xlX'!X'lXiXXXXYX!X'IXIXIXi'tlX'lX 

t DHR (37) 1582 08 
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Wavefonns of CA8-before-RAS Refresh Counter Test Cycle 

RAS 
VIH-

V1L -

CAS 
V1H -

V1L -

ADDRESS 
V1H -

V1L -

WE 
V1H -

V1L -

I/O 
V1H -

V1L -

WE 
VIH -

V1L -

110 
V1H -

V1L - 158209 
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Notes: 
1. 100 is dependent on output loading when the device output is selected. Specified 100 (max.) is measured with the 

output open. 

2. 100 is dependent upon the number of address transitions. Specified 100 (max.) is measured with a maximum of two 
transitions per address cycle in Fast Page Mode. 

3. Specified V1L (min.) is steady state operating. During transitions, V1L (min.) may undershoot to -1.0 V for a period 
not to exceed 20 ns. All AC parameters are measured with V1L (min.) 2: V 55 and V1H (max.) ~ V DO. 

4. ~co (max.) is specified for reference only. Operation within ~CD (max.) limits insures that\v,c (max.) and IcM (max.) 
can be met. If ~CD is greater than the specified ~CD (max.), the access time is controlled by tCAA and feAC. 

5. Either tRRH or ~CH must be satisified for a Read Cycle to occur. 

6. Measured with a load equivalent to two TTL inputs and 100 pF. 

7. Access time is determined by the longest of lcM,feAc and leAp. 
8. Assumes that ~AD ~ ~AD (max.). If\v,D is greater than ~AD (max.), ~AC will increase by the amountthat~AD exceeds 

tRAD (max.). 

9. Assumes that~cD ~~co (max.). IftRCO is greater than tRCD (max.), tRAC will increase by the amountthat~co exceeds 
tRCD (max.). 

10. Assumes that tRAD 2: ~AD (max.). 

11. Operation within the ~AO (max.) limit ensures that tRAC (max.) can be met. ~AD (max.) is specified as a reference 
point only. If ~D is greater than the specified ~AO (max.) limit, the access time is controlled by !eAA and !eAC. 

12. Iwcs is not a restrictive operating parameter. 

13. fwcs (min.) must be satisfied in an Early Write Cycle. 

14. los and IoH are referenced to the latter occurrence of CAS or WE. 

15. ~ is measured between V1H (min.) and V1L (max.). AC-measurements assume ~ = 5 ns. 

16. \z and tHZ define the time at which Dour reaches an open circuit condition, and are not referenced to the output 
voltage levels. 

17. An initial 200 JlS pause and 8 RAS-containing cycles are required when exiting an extended period of bias without 
clocks. An extended period of time without clocks is defined as one that exceeds the specified Refresh Interval. 

18. This is battery backup data retention mode under CAS-before-RAS refresh cycles. 
tRC = 62.5 JlS (62.5 JlS x 1024 = 64 ms) 
tRAS = ~AS (min) to 1 JlS 
Input voltages: RAS and CAS V1H > V DO - 0.2 V 

V1L <0.2 V 
WE and OE V1N > VDO - 0.2 V 
All other inputs at stable V1H or V1L 
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FuncffonalDescripffon 

The V404J8/9 are CMOS dynamic RAM modules 
for high data bandwidth,low power applications. The 
V404J8/9 reads and writes data by multiplexing an 
2Q-bit address into a 1 Q-bit row and a 1 Q-bit column 
address. The row address is latched by the Row 
Address Strobe (RAS). The column address ''flows 
through" an internal address buffer and is latched by 
the Column Address Strobe (CAS). Because access 
time is primarily dependent on a valid column ad
dress rather than the precise time that the CAS edge 
occurs, the delay time from RAS to CAS has little 
effect on the access time. 

Memory Cycle 

A memory cycle is initiated by bringing RAS low. 
Any memory cycle, once initiated, must not be ended 
or aborted before the minimum tRAS time has expired. 
This ensures proper device operation and data integ
rity. A new cycle must not be initiated until the 
minimum precharge time tRAp has elapsed. 

Read Cycle 

A Read cycle is performed by holding the Write 
Enable (WE) signal High during a RAS/CAS opera
tion. The column address must be held for a mini
mum specified by tAR' Data Out becomes valid only 
when taAC' tRAC' tCM and tCAC are all satisifed. As a 
result, the access time is dependent on the timing 
relationships between these parameters. For ex
ample, the access time is limited by fcAA when tRAC' 
fcAC and tOAC are all satisfied. 

Write Cycle 

A Write Cycle is performed by taking WE and CAS· 
low during a RAS operation. The column address is 
latched by CAS. The Write Cycle can be WE con
trolled or CAS controlled depending on whether WE 
or CAS falls later. Consequently, the input data must 
be valid at or before the falling edge of WE or CAS, 
whichever occurs last. In the CAS-controlled Write 
Cycle, when the leading edge of WE occurs prior to 
the CAS low transition, the I/O data pins will be in the 
High-Z state at the beginning of the Write function. 

V404J8 and V404J9 

Ending the Write with RAS or CAS will maintain the 
output in the High-Z state. 

In the WE controlled Write Cycle, OE must be in 
the high state and tOED must be satisfied. 
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Refresh Cycle 

To retain data, 1024 Refresh Cycles are required 
in each 16 ms period. There are two ways to refresh 
the memory: 

1. By clocking each of the 1024 row addresses (Ao 
through Ag) with RAS at least once every 16 ms. 
Any Read, Write, Read-Modify-Write or RA8-only 
cycle refreshes the addressed row. 

2. Using a CAS-before-RAS Refresh Cycle. If CAS 
makes a transition from low to high to low after the 
previous cycle and before RAS faUs, CAS-before
RAS refresh is activated. The V404J8/9 uses the 
output of an internal 1 O-bit counter as the source 
of row addresses and ignore external address 
inputs. 

CAS-before-RAS is a "refresh-only" mode and no 
data access or device selection is allowed. Thus, the 
output remains in the High-Z state during the cycle. 
A CAS-before-RAS counter test mode is provided to 
ensure reliable operation of the internal refresh 
counter. 

Data Retention Mode 

The V404J8/9 offers a CMOS standby mode that 
is entered by causing the RAS clock to swing be
tween a valid V1L and an "extra high" V1H within 0.2 V 
of V ~o' While the RAS clock is at the "extra high" 
level, the V404J8/9 power consumption is reduced 
to the low 1006 level. Overall 100 consumption when 
operating in this mode can be calculated as follows: 

(tRC) x (1001) + (tRX-tRC) x (1 006) 

1= 

Where: tRC = Refresh Cycle Time 
tRX = Refresh Interval I 1 024 
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Fast Page Mode Operation 

Fast Page Mode operation permits all 1 024 col
umns within a selected row of the device to be 
randomly accessed at a high data rate. Maintaining 
RAS low while performing successive CAS cycles 
retains the row address internally and eliminates the 
need to reapply it for each cycle. The column address 
buffer acts as a transparent or flow-through latch 
while CAS is high. Thus, access begins from the 
occurrence of a valid column address rather than 
from the falling edge of CAS, eliminating tASC and 1,
from the critical timing path. CAS latches the address 
into the column address buffer and acts as an output 
enable. During Fast Page Mode operation, Read, 
Write, Read-Modify-Write or Read-Write-Read 
cycles are possible at random addresses within a 
row. Following the initial entry cycle into Fast Page 
Mode, access is tCAA ortcAP controlled. If the column 
address is valid prior to the rising edge of CAS, the 
access time is referenced to the CAS rising edge 
and is specified by tc4p.lfthe column address is valid 
after the rising CAS edge, access is timed from the 
occurrence of a valid address and is specified by 
lcAA. In both cases, the falling edge of CAS latches 
the address and enables the output. 

Fast Page Mode provides a sustained data rate of 
20 MHz for applications that require high data rates 
such as bit-mapped graphics or high-speed signal 
processing. The following equation can be used to 
calculate the maximum data rate: 

1024 
Data Rate = .....----,-...,.,,.,,...,::-r-

tRC + 1 023 X tpc 

Data Output Operation 

The V404J8/9 Input/Output is controlled by OE, 
CAS, WE and RAS. A RAS low transition enables the 
transfer of data to and from the selected row address 
in the Memory Array. A RAS high transition disables 
data transfer and latches the output data if the output 
is enabled. After a memory cycle is initiated with a 
RAS low transition, a CAS low transition or CAS low 
level enables the internal 1/0 path. A CAS high 
transition or a CAS high level disables the 1/0 path 
and the output driver if it is enabled. A CAS low 
transition while RAS is high has no effect on the 1/0 
data path or on the output drivers. The output drivers, 
when otherwise enabled, can be disabled by holding 
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OE high. The OE signal has no effect on any data 
stored in the output latches. A WE low level can also 
disable the output drivers when CAS is low. During a 
Write cycle, if WE goes low at a time in relationship 
to CAS that would normally cause the outputs to be 
active, it is necessary to use OE to disable the output 
drivers prior to the WE low transition to allow Data In 
Setup Time (tos) to be satisfied. 

Power-On 

After application of the V DO supply, an initial pause 
of 200 J.IS is required followed by a minimum of 8 
initialization cycles (any combination of cycles con
taining a RAS clock). Eight initialization cycles are 
required after extended periods of bias without 
clocks (greater than the Refresh Interval). 

During Power-On, the V DO current requirement of 
the V404J8/9 is dependent on the input levels of RAS 
and CAS. If RAS is low during Power-On, the device 
will go into an active cycle and 100 will exhibit current 
transients. It is recommended that RAS and CAS 
track with V DO or be held at a valid V1H during Power
On to avoid current surges. 

Table 1. V404J8I9 Data Output 
Operation for Various Cycle Types 

Cycle Type 110 State 

Read Cycles Data from Addressed 
Memory Cell 

CAS-Controlled Write High-Z 
Cycle (Early Write) 

Fast Page Mode Data from Addressed 
Read Memory Cell 

Fast Page Mode Write High-Z 
Cycle (Early Write) 

RAS-only Refresh High-Z 

CAS-before-RAS Data remains as in 
Refresh Cycle previous cycle 

CAS-only Cycles High-Z 

II 



MOSEL-VITELIC V404J32 and V404J36 
1Mx32and 1Mx36 
CMOS MEMORY MODULES 

PRELIMINARY 

Features Description 
• 1,048,576 x 32136 bit organization 
• Utilizes 1 M x 4 CMOS DRAMs 
• Fast access times: 80 ns, 100 ns 
• Fast Page mode operation 
• Low power dissipation __ 
• CAS before RAS refresh, RAS only refresh, 

The V404J32 memory Module is organized as 
1,048,576 x 32 bits in a 72-lead single-in-line mod
ule. The 1 M x 32 memory module uses 8 Mosel
Vitelic 1 M x 4 DRAMs. The V404J36 Memory Mod
ule is organized as 1,048,576 x 36 bits in a 72-lead 
single-in-line module. The 1 M x 36 memory module 
uses 8 Mosel-Vitelic 1 M x 4 DRAMs and 4 Mosel
Vitelic 1 M x 1 DRAMs. The x36 modules are ideal 
for use in i486 systems where high memory density 
and fast access times are needed. 

and Hidden refresh capability 
• Single 5 V ±1 0% supply 
• All 1/0 are fully TTL compatible 
• Standard 72-lead single-in-line module 

'V404J36 only 

1 VSS 19 NC 37 
2 OQO 20 DQ4 38 
3 0018 21 DQ22 39 
4 001 22 DQ5 40 
5 0019 23 DQ23 41 
6 DQ2 24 DOS 42 
7 DQ20 25 DQ24 43 
8 0Q3 26 007 44 
9 0Q21 27 0Q25 45 
10 VOO 28 A7 46 
11 NC 29 NC 47 
12 AO 30 VOO 48 
13 Al 31 A8 49 
14 A2 32 A9 50 
15 A3 33 NC 51 
16 A4 34 RAS2 52 
17 AS 35 NC[OQ26] 53 
18 A6 36 NC[OQ8] 54 

Device Usage Chart 
Operating Organization 

V404J32/36 
Pin Configuration 

NC [0017] 55 0012 
NC[OQ35] 56 DQ30 
VSS 57 0013 
CASO 58 DQ31 
CAS2 59 VOO 
CAS3 60 DQ32 
CASl 61 0014 
RASO 62 DQ33 
NC 63 0015 
NC 64 0Q34 
W 65 0016 
NC 66 NC 
0Q9 67 '1 
0Q27 68 '2 
0010 69 '3 
0Q28 70 '4 
0011 71 NC 
DQ29 72 VSS 

Module Type 
Temperature 

Range 1Mx32 I 1Mx36 S 

0°C-70°C • I • • 
V404J32136 Rev.02 April 1993 
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V404J32/36 

-80 -10 

'1 VSS VSS 
'2 VSS VSS 
'3 NC VSS 
'4 VSS VSS 

, Presence detection. Pin 
connection change is available 
on request. 

Access nme (ns) Power 

80 I 100 Std I Low 

• I • • I • 
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Part Number Information 

V404J S ------l-lL SPEED 80 (80 ns ACCESS TIME) 
10 (100 ns ACCESS TIME) 

MODULE HEIGHT (IN INCHES): S (0.85) 

G: GOLD PLATED 
MODULE EDGE CONTACT: S: TIN PLATED 

CONFIGURATION: ~~~ ~~ ~ ~~ 

1M x 32 MEMORY MODULE 
USES 1 M X 4 SOJ DRAMS 
1M x 36 MEMORY MODULE 
USES 1 M X 4 SOJ & 1 M X 1 PLCC CMOS DRAMS 

Pin Names 

Name Description 

AD-A9 Address Inputs 

RAS,RAS2 Row Address Strobes 

CASO-CAS3 Column Address Strobes 

W ReadlWrite Input 

DOD-D035 Data In/Data Out 

VDD 5 V Supply 

Vss Ground 

NC No Connection 
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Absolute Maximum Ratings" 

Ambient Temperature 
Under Bias ................................... -10°C to +80°C 

Storage Temperature (plastic) ..... -55°C to + 125°C 
Voltage on any Pin Except Voo 

Relative to Vss ........................................ -1.0 to +7.0 V 
Voltage on Voo relative to Vss ........... -1.0 to +7.0 V 
Data Out Current .......................................... 50 rnA 
Power Dissipation ........................................ 12.0 W 

·Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 

Capacitance'" 
TA = O°C to 70°C, Voo = 5 V ±100/0, Vss = 0 V 

Symbol Parameter Min • Max. Unit 

CIN Input Capacitance, 90 pF 
Address Inputs 

CIN Input Capacitance, W 110 pF 

C(DQ) Input/Output Capacitance, 17 pF 
OQO-OO35 

CIN(RAS) Input Capacitance, 65 pF 
RASO, RAS2 

CIN(CAS) Input Capac~ance, 50 pF 
CAS~AS3 

CO(VDD) Oecoupling Capac~ance 0.2 I1F 

·Note: Capacitance is sampled and not 100% tested 

• 
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V404J32 Functional Diagram 

RAS2 
CAS2 
CAS3 
Voo 

Vss 

- f-+ Ao-As 
-I-- RAS 

CAS V53C404 
WE 

Voo Vss 

f-+ Ao-As 
>-1-- RAS 

CAS V53C404 
WE 

voo Vss 

f-+ Ao-As 
>-1-- RAS 

CAS V53C404 
WE 

Voo Vss 

l+ Ao-As 
- RAS 

CAS V53C404 
WE 

Voo Vss 

::;::Cl ... ;:C12 

1/01 t-- OQo 
1/02 t--OOI 
1/03 1--002 
1/04 r-- 003 

OE il 
1/01 I-- 004 
1/02 I-- DOs 
110s r--00s 
1/041-- 007 

OE~ 

1/01 1--009 
1/02 t--0010 
1/03 I-- 0011 
1/041--0012 

OE~ 

1/01 -0013 
1/02 -0014 
1/03 -0015 
1/04 -0016 

OE l 
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f-+ Ao-As 
r-I-- RAS 

CAS V53C404 
WE 

Voo Vss 

r+ Ao-As 
f-I-- RAS 

CAS V53C404 
WE 

Voo Vss 

~ Ao-As 
f-I-- RAS 

CAS V53C404 
WE 

voo Vss 

l+ Ao-As 
f--- RAS 

CAS V53C404 
WE 

Voo Vss 

V404J32136 

1/01 -
1/02 -
1/03 -
1/04-

OE l 
1/01 -
1/02 -
110s -
1/04-

OE l 
1/01 -
1/02 -
110s -
1/04-

OE l 
1/01 -
1/02 -
1/03 -
1/04-

OE 1 

0018 
001S 
0Q20 
0021 

0022 
0023 
0024 
0Q2s 

0027 
0028 
0029 
0030 

0031 
0032 
0Q33 
0034 
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V404J36 Functional Diagram 

Ao--A9 
RASa 
CASo 

Iii 
CASl 

RAS2 
CAS2 
CASa 
Vee 

Vss 

- f,£- ArrA9 
0-I-- RAS 

CAS V53C404 
WE 

Vee Vss 

f-r- ArrA9 
0-I-- RAS 

CAS V53C404 
WE 

Vee vss 

f-r- ArrA9 
l-I-- RAS 

CAS V53Cl00 
WE 

Vee Vss 

f,£- Ao-A9 
f- I-- RAS 

CAS V53C404 
WE 

Vee Vss 

f,£- ArrA9 
>-I-- RAS 

CAS V53C404 
WE 

Vee vss 

l,L ArrA9 
- RAS 

CAS V53Cl00 
WE 

Veo Vss 

;::Cl ... ;:: C12 

1/01 -DOo 
1/02 -DOl 
1/03 -D02 
1/04 '-- D03 

OE ~ 

1/01 '--- DQ4 
1/02 r--DQ6 
1/03 I--D06 
1/041-- D07 

OE~ 

D P-D08 
0 

1/01 I--DOe 
1/02 I-- DOlO 
1/03 I--DOll 
1/041-- D012 

OE~ 

1/01 I--D013 
1/02 I-- D014 
110a I-- D015 
1/04 t-- D016 

OE~ 

~ tr D017 

4-99 

f,£- ArrA9 
r-r-- RAS 

CAS V53C404 
WE 

Vee Vss 

f-r- ArrA9 
f- I-- RAS 

CAS V53C404 
WE 

Vee Vss 

f-r- Ao-A9 
f- I-- RAS 

CAS V53Cl00 
WE 

Vee Vss 

f,£- ArrA9 
f- I-- RAS 

CAS V53C404 
WE 

Vee Vss 

f,£- ArrA9 
>-1-- RAS 

CAS V53C404 
WE 

Vee Vss 

l,L ArrA9 
>-- RAS 

CAS V53Cl00 
WE 

Vee Vss 

V404J32136 

1/01 I--
1/02 I--
1/03 t--
1/041--

OE IJ 
1/01 -
1/02 -
1/03 -
1/04-

OE ~ 

D :r 0 

1/01 -
1/02 -
1/03 -
1/04-

OE ~ 

1/01 -
1/02 -
1/03 -
1/04-

OE l 

~:r 

D018 
D019 
D020 
D021 

D022 
D023 
D024 
D025 

D026 

D027 
D028 
D029 
DOao 

D031 
D032 
D033 
D034 

D035 

• 
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DC and Operating Characteristics 
T A = o·e to 70·e, v DD = 5 V ±10%, V ss = a V, unless otherwise specified. 

Access V404J32 V404J36 

Symbol Parameter Power Time Unit Test Conditions Notes 

(ns) Min. Max. Min. Max. 

III Input Leakage Current -80 80 -120 120 IlA Vss S V1N S Voo 
(any input pin) 

ILO Output Leakage Current -10 10 -10 10 IlA ~S.Y.wTSVOO 
(for High-Z State) RAS, CAS at V1H 

1001 V DO Supply Current, 80 970 1080 mA tRC = tRC (min.) 1,2 

Operating 100 880 960 

1002 V DO Supply Current, STD 27 30 rnA RAS, CAS at V1H 

TTL Standby LOW 22 24 other inputs <!: V 55 

1003 V DO Supply Current, 80 970 1080 rnA ~C = ~C (min.) 2 

RAS-Only Refresh 100 860 960 

10D4 Voo Supply Current, Fast 80 680 760 rnA Minimum Cycle 1,2 

Page Mode Operation 100 630 700 

1005 Voo Supply Current, STD 36 40 rnA RAS=V1H, CAS=V1L 1 

Standby, Output Enabled LOW 23 26 other Inputs <!: V ss 

10DS Voo Supply Current, STD 18 20 mA RAS <!: Voo-O.2 V, 

CMOS Standby LOW 11.5 12.8 CASatV1H 
other inputs <!: V ss 

V1L Input Low Voltage -1 0.8 -1 0.8 V 3 
(all inputs) 

V1H Input High Voltage 2.4 Voo 2.4 Voo V 3 
(all inputs) +1 +1 

VOL Output Low Voltage 0.4 0.4 V IOL= 4.2 mA 

VOH Output High Voltage 2.4 2.4 V IOH =-5 mA 

4-100 
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AC Characteristics 
TA = O·G to 70·G, VDD = 5 V ±100/0, vss = 0 V, unless otherwise noted. 
AG Test conditions, input pulse levels 0 to 3V 

JEDEC 80/80L 
# Symbol Symbol Parameter 

Min. Max. 

1 tRL1RH1 tRAS RAS Pulse Width 80 75K 

2 IRl2Rl2 IRC Read or Write Cycle Time 160 

3 IRH2Rl2 tRP RAS Precharge Time 70 

4 IRL1CH1 ICSH CAS Hold Time 80 

5 leL1CH1 leAS CAS Pulse Width 20 

6 IRL1CL1 IRCD RAS 10 CAS Delay 25 60 

7 WH2Cl2 IRCS Read Command Setup Time 0 

8 IAVRl2 IASR Row Address Setup Time 0 

9 IRL1AX IRAH Row Address Hold Time 15 

10 IAVCl2 IASC Column Address Setup Time 0 

11 leL1AX leAH Column Address Hold Time 20 

12 leL1RH1(R) IRSH(R) RAS Hold Time (Read Cycle) 20 

13 leH2Rl2 ICRP CAS 10 RAS Precharge Time 10 

14 leH2WX IRCH Read Command Hold Time 0 
Referenced 10 CAS 

15 IRH2WX IRRH Read Command Hold Time 0 
Referenced 10 RAS 

16 tCL1QV tCAC Access Time from CAS 20 

17 tRL1QV tRAC Access Time from RAS 80 

18 tAVQV leAA Access Time from Column 40 
Address 

19 leL1QX tLl CAS to Low-Z Output 5 

20 leH2QZ tHZ CAS to High-Z Output 0 25 

21 tRL1AX tAR Column Address Hold Time 65 
from RAS 

22 tRL1AV tRAD RAS 10 Column Address 20 40 
Delay Time 
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10/10L 
Unit Notes 

Min. Max. 

100 75K ns 

190 ns 

80 ns 

100 ns 

25 ns 

30 75 ns 4 

0 ns 

0 ns 

20 ns 

0 ns • 25 ns 

25 ns 

15 ns 

0 ns 5 

0 ns 5 

25 ns 6, 7 

100 ns 6,8,9 

45 ns 6,7,10 

5 ns 16 

0 25 ns 16 

75 ns 

25 55 ns 11 



MOSEL-vrrELIC V404J32136 

AC Characteristics (Cont'd.) 

JEDEC SO/SOL 10110L 
# Symbol Symbol Parameter Unit Notes 

Min. Max. Min. Max. 

23 'cURH1(W) tRSH(W) RAS or CAS Hold Time 
in Write Cycle 

20 25 ns 

24 'wL1CHl 'cwL WrHe Command to CAS 20 25 ns 
lead Time 

25 'wL1CL2 'wCS WrHe Command Setup Time 0 0 ns 12,13 

26 'cUWHl 'wCH Write Command Hold Time 15 20 ns 

27 'wUWHl 'wp Write Pulse Width 15 20 ns 

28 tRL1WHl 'wCR WrHe Command Hold Time 60 75 ns 
from RAS 

29 'wL1RHl tRWL WrHe Command to RAS 20 25 ns 
Lead Time 

30 IoVWL2 los Data In Setup Time 0 0 ns 14 

31 'wUOX tOH Data in Hold Time 20 25 ns 14 

32 'cL1CHl 'cRW CAS Pulse Width (RMW) 80 95 ns 

33 'cL2CL2 lpc Fast Page Mode 50 55 ns 
Read or Write Cycle Time 

34 'cH2CL2 'cp CAS Precharge Time 15 20 ns 

35 tAVRHl 'cAR Column Address to RAS 45 50 ns 
Setup Time 

36 'cH2QV 'cAP Access Time from 45 50 ns 7 
Column Precharge 

37 tRL10X IoHR Data in Hold Time 65 75 ns 
Referenced to RAS 

38 'cURL2 'cSR CAS Setup Time 10 10 ns 
CA5-before-RAS Refresh 

39 tRH2CL2 tRPC RAS to CAS Precharge Time 10 10 ns 

40 tRL1CHl tCHR CAS Hold Time 30 30 ns 
CA5-before-RAS Refresh 

1r 1r TransHion Time 3 50 3 50 ns 15 
(Rise and Fall) 

tRI Refresh Interval (1024 Cycles) 16 16 ms 17 
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MOSEL-VITELIC V404J32136 

Notes: 
1. 100 is dependent on output loading when the device output is selected. Specified 100 (max.) is measured with the 

output open. 
2. 100 is dependent upon the number of address transitions. Specified 100 (max.) is measured with a maximum of two 

transitions per address cycle in Fast Page Mode. 

3. Specified V1L (min.) is steady state operating. During transitions, V1L (min.) may undershoot to -1.0 V for a period not 
to exceed 20 ns. All AC parameters are measured with V1L (min.) ~ Vss and V1H (max.):5 VOO. 

4. tRCO (max.) is specified for reference only. Operation within tRCO (max.) limits insures thattRAc (max.) and tcAA (max.) 
can be met. If tRCO is greater than the specified tRCO (max.), the access time is controlled by tcAA and tcAC. 

5. Either tRRH or tRCH must be satisified for a Read Cycle to occur. 

6. Measured with a load equivalent to two TTL inputs and 100 pF. 

7. Access time is determined by the longer of tcAA' tcAC or tcAp. 

8. Assumes thattRAO :5 tRAO (max.). IftRAO is greater than tRAO (max.), tRAC will increase by the amountthattRAo exceeds 
tRAO (max.). 

9. Assumes thattRco :5tRCO (max.).lftRCO is greater than tRCO (max.), tRAC will increase by the amountthattRco exceeds 
tRCO (max.). 

10. Assumes that tRAO ~ tRAO (max.). 

11. Operation within the tRAO (max.) limit ensures thattRAc (max.) can be met. tRAO (max.) is specified as a reference point 
only. If tRAO is greater than the specified tRAO (max.) limit, the access time is controlled by tcAA and tcAC. 

12. twcs is not a restrictive operating parameter. 

13. twcs (min.) must be satisfied in an Early Write Cycle. 

14. los and loH are referenced to the latter occurrence of CAS or WE. 

15. tr is measured between V1H (min.) and V1L (max.). AC-measurements assume tr = 5 ns. 

16. \..z and ~z define the time at which Dour reaches an open circuit and are not referenced to the output voltage levels. 

17. An initial 200 IJS pause and 8 RAS-containing cycles are required when exiting an extended period of bias without 
clocks. An extended period of time without clocks is defined as one that exceeds the specified Refresh Interval. 
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MOSEL-VITELIC V404J32136 

Waveforms of Read Cycle 

RAS ~H -

VIL -

CAS 
VIH -

VIL -

ADDRESS 
VIH -

VIL -

W 
VIH -

VIL -

I/O 
VOH-

VOL -

14-------------tRC(2)--------~ 
14----------tRAS(l)-"';"':"---~ 

------1.1+---- tAR (21)----+4 ..r----~-----

1------tOSH (4)--+------1 
-14----.1 

VALID DATA-OUT 

Waveforms of Early Write Cycle 

RAS 
VIH -

V IL -

I+--------------IRC~--------~ 

1+--------IRAS(l)-------~ 
------1.1---- tAR (21) -----t~ .~"",----1. 

VIH -
CAS 

VIL -

ADDRESS 
V IH -

V IL -

W 
VIH -

V IL -

1/0 VIH - -------------(1 VALID DATA-IN I)-------HIGH-Z --------
VIL - ~ ____ --,r 
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MOSEL-VITELIC 

Waveforms of Fast Page Mode Read Cycle 

RAS 

ADDRESS 

W 

110 

VIH

V1l -

V1H -

V1l -

V1H -

V1l -

Waveforms of Fast Page Mode Write Cycle 

RAg VIII -

V 1l -

CAS 
V1H -

V1l -

ADDRESS 

W 
V1H -

V1l -

I/O 
V1H -

V1l -

V404J32/36 

• 
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MOSEL-VITELIC V404J32/36 

Waveforms of RA8-0nly Refresh Cycle 

t----------1RC(2)------------1 

RAS 
VIH-

-----___.LI-------- 1RAS(1)--------tz---___.L 

V 1L -

CAS 
V 1H -

V 1L -

ADDRESS 
V 1H -

V 1L -

NOTE: W= Domcare 

Waveforms of CA8-before-RAS Refresh Cycle 

t------ 1RC(2)--------------...j 

t------IRAS(l)------...j I RP(3) 

z------~ ~----------___.L 
RAS 

V 1H -

V 1L -

VO VQH_ 

VQL-

I HZ (20)-+0>---1 

NOTE: iii. Ao -Ag = Don' care 

t------ ICHR (40) -----<--I 
I CSR (38) 
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MOSEL-vrrELIC V404J32136 

Waveforms of Hidden Refresh Cycle (Read) 

RAS 
VIH-

V IL -

V IH -
CAS 

V IL -

ADDRESS 
V IH -

V IL -

W 
V IH -

V IL -

!4-----1_r_ 1HZ (20) 

1/0 VALID DATA 

Waveforms of Hidden Refresh Cycle (Write) 

VIH-
RAS 

V IL -

CAS 
VIH -

V IL -

ADDRESS 
V IL -

W 
V IH -

V IL -

VIH -
VO 

V IL -

I WCS (2!."i. I WCH (26)==:l 

"""""'ZZ"""""'ZZZ""*"'VZ-r-lI/0iT L Yr-T"ZZT-r-ZZ"""""'ZZ-r-TZZ-r-lZZ"""""Z"""-ZZT"""T'"ZZT-r-ZZ"""""'Z7-r-1ZZ"""""Z"""""'Z7 

~::!~,OO~: __ VAUDDA~l'IXIX'!XtIXIXl.'tIXlYXltl.'IXIXIX'I, 
I DHR (3n 
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MOSEL-VITELIC V404J32136 

Waveforms of CA8-before-RAS Refresh Counter Test Cycle 

RAS VIH-

V 1L -

CAS 
V 1H -

V 1L -

ADDRESS 
V 1H -

V 1L -

WE 
V 1H -

V 1L -

I/O 
V 1H -

V 1L -

WE 
V 1H -

V 1L -

I/O 
V 1H -

V 1L -
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MOSEL-VITELIC V404J232 and V404J236 
2M x 32 and 2M x 36 

PRELIMINARY 

CMOS MEMORY MODULES 

Features Description 
• 2,097,152 x 32/36 bit organization 
• Utilizes 1 M x 4 CMOS DRAMs 
• Fast access times: 70 ns, 80 ns 
• Fast Page mode operation 
• Low power dissipation __ 
• CAS before RAS refresh, RAS only refresh, 

The V404J232 memory Module is organized as 
2,097,152 x 32 bits in a 72-lead single-in-line mod
ule. The 2M x 32 memory module uses 16 Mosel
Vitelic 1 M x 4 DRAMs. The V404J236 Memory 
Module is organized as 2,097,152 x 36 bits in a 72-
lead single-in-line module. The 2M x 36 memory 
module uses 16 Mosel-Vitelic 1 M x 4 DRAMs and 8 
Mosel-Vitelic 1 M x 1 DRAMs. The x36 modules are 
ideal for use in i486 systems where high memory 
density and fast access times are needed. 

and Hidden refresh capability 
• Single 5 V ±1 0% supply 
• All 1/0 are fully TTL compatible 
• Standard 72-lead single-in-line module 

V404J2321236 
Pin Configuration 

DDDDDDDD 
o c=J c=Jo 

*V404J236 only 

1 VSS 19 
2 DOO 20 
3 D018 21 
4 001 22 
5 0019 23 
6 DQ2 24 
7 DQ20 25 
8 DQ3 26 
9 DQ21 27 
10 VDD 28 
11 NC 29 
12 AO 30 
13 Al 31 
14 A2 32 
15 A3 33 
16 A4 34 
17 A5 35 
18 A6 36 

*NC for V404J232 

Device Usage Chart 
Operating 

Temperature 
Range 

0·C-70·C 
V404J2321236 Rev. 00 Apr111993 

NC 37 NC* [0017) 55 0012 
DQ4 38 NC*[0035) 56 0030 
DQ22 39 VSS 57 0013 
DQ5 40 CASO 58 0031 
DQ23 41 CAS2 59 VDD 
DQ6 42 CAS3 60 0032 
DQ24 43 CASl 61 0014 
007 44 RASO 62 D033 
DQ25 45 NC 63 0015 
A7 46 NC 64 D034 
NC 47 Iii 65 0016 
VDD 48 NC 66 NC 
A8 49 DQ9 67 *1 
A9 50 DQ27 68 *2 
NC 51 DOlO 69 *3 
RAS2 52 D028 70 *4 
NC*[0026) 53 D011 71 NC 
NC*[DQ8) 54 DQ29 72 VSS 

Organization Module Type 

2Mx32 I 2Mx36 S . I . . 
4-109 

V404J232JV404J236 

-70 -80 

*1 NC NC 
*2 NC NC 
*3 VSS NC 
*4 NC VSS 

* Presence detection. Pin 
connection change is available 
on request. 

Access TIme (ns) Power 

70 I 80 S . I . . 



MOSEL-VITELIC 

Part Number Information 

V404J x ------l-lL SPEED 70 (70 ns ACCESS TIME) 
80 (80 ns ACCESS TIME) 

MODULE HEIGHT (IN INCHES): X (1.5) 

G: GOLD PLATED 
MODULE EDGE CONTACT: S: TIN PLATED 

232: 2M X32 
CONFIGURATION: 236: 2M X 36 

2M x 32 MEMORY MODULE 
USES 1M X 4 SOJ DRAMS 
2M x 36 MEMORY MODULE 
USES 1 M X 4 SOJ & 1 M X 1 PLCC CMOS DRAMS 

Pin Names 

Name Description 

AD-A9 Address Inputs 

RAS,RAS2 Row Address Strobes 

CASQ-CAS3 Column Address Strobes 

W ReadlWrite Input 

DQQ-DQ35 Data In/Data Out 

VDD 5 V Supply 

VSS Ground 

NC No Connection 

V404J2321236 

Absolute Maximum Ratings* 

Ambient Temperature 
Under Bias ................................... -1 O·C to +80·C 

Storage Temperature (plastic) ..... -55·C to + 125·C 
Voltage on any Pin Except Voo 

Relative to Vss ........................................ -1.0 to +7.0 V 
Voltage on Voo relative to Vss ........... -1.0 to +7.0 V 
Data Out Current .......................................... 50 rnA 
Power Dissipation ........................................ 12.0 W 

"Note: Operation above Absolute Maximum Ratings can 
adversely affect device reliability. 

Capacitance* 
T A = O·C to 70·C, V DO = 5 V ±10%, Vss = 0 V 

Symbol Parameter Min. Max. Unit 

CIN Input Capacitance, 180 pF 
Address Inputs 

CIN Input Capacitance, W 220 pF 

C(oo) Input/Output Capacitance, 34 pF 
DQO-DQ35 

CIN(RAS) Input Capacitance, 130 pF 
RASO, RAS2 

CIN(CAS) Input Capacitance, 
CASO-CAS3 

100 pF 

CO(vOO) Oecoupling Capacitance 0.2 I1F 

"Note: Capacitance is sampled and not 100% tested 
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MOSEL-VITELIC V404J2321236 

V404J232 Functional Diagram 

ASo 
ASo 

C 
R 

ASl 

AS2 
AS2 

C 
R 

WE 
Ao-A9 

AS3 

CAS 
RAS 

~ OE 

'---- CAS 
RAS 

~ OE 

CAS 
RAS 

.,r- OE 

'----- CAS 
RAS 

~ OE 

CAS 
RAS 

F OE 

'----- CAS 
RAS 

F OE 

CAS 
RAS 

F OE 

'----- CAS 
RAS 

~ OE 

U1 

WE Afr-A9 
I I 

U2 

WE Ao-A9 

U4 

WE Ao-A9 
I I 

U5 

WE Ao-A9 

U7 

WE Ao-Ae 
I I 

U8 

WE Ao-Ae 

U10 

WE Ao-A9 
I I 

U11 

WE Ao-A9 

1 I 
1 

1/01 - DQo- 1/01 CAS r-----
1/02 -D01- 1/02 U13 RAS 
1/03 - D02- 1/03 OE ~ 1/04 - D03- 1/04 Ao-A9 WE 

I I 
1101 - DQ4- 1101 CAS r----
1102 - D07- 1102 U14 RAS 
1/03 - DQa- 1103 OE I-} 1/04 - D07- 1104 Ao-A9 WE 

1101 - D09- 1/01 CAS r----
1102 - DOlO- 1/02 U16 RAS 
1/03 -DOll- 1/03 OE ~ 1/04 - D012- 1/04 Ao-A9 WE 

I I 
1/01 - D013- 1/01 CAS r----
1/02 - D014- 1/02 U17 RAS 
1/03 - D015- 1/03 OE ~ 1/04 f-- D016- 1/04 Ao-A9 WE 

1/01 f-- D016- 1/01 CAS -1/02 I-- DOle- 1/02 U19 RAS 
1/03 f-- D020- 1/03 OE ~ 1/04 f-- DQ21 - 1/04 Ao-Ae WE 

I I 
1/01 f-- D022 - 1/01 CAS -
1/02 I-- D023- 1/02 U20 RAS 
1/03 f-- DQ24- 1/03 OE ~ 1/04 f-- DQ25- 1/04 Ao-Ae WE 

1/01 f-- D027- 1/01 CAS -1/02 f-- D028- 1/02 U22 RAS 
1/03 f-- D029- 1/03 OE 

* 1/04 f-- D030- 1/04 Ao-A9 WE 
I I 

1/01 f-- D031 - 1/01 CAS -
1/02 I-- D032 - 1/02 U23 RAS 
1/03 f-- D033- 1/03 OE 

* 1/04 f-- D034- 1/04 Ao-A9 WE 

I I 
I 

Vee -----~_----------------- VCC U1 through U23 
=r Cl through C23 

GND -----....... .0------------------- GND U1 through U23 
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MOSEL-vrrELIC V404J2321236 

V404J236 Functional Diagram 

CASo --~-.fiC~A~S~---Ll/iCo),l1 f-- DQo -rl/-01-----C=A=S=-t~ 
RASo --I----fRAS U1 1/02 f-- D01 - I/O-! U13 RAS 1------1_- RAS1 

r- - 110a f-- D02 - 110a - -, 
~ OE WE ArrA9 1/04 r-- DO! - 1/04 ArrA9 WE OE ~ 

'-CAS 
~--IRAS 

~OE WE 
I 

CAS 
RAS 

~ OE WE 

>--- CAS 
RAS 

~ OE WE 
I 

-----iCAS 
RAS 

WE 

CAS 
RAS 

~ OE WE 
J 

~ CAS 
RAS 

~ OE WE 

~CAS 
RAS 

WE 

I I I 

U2 

ArrA9 
I 

U3 

1101 f-- DOl - 1/01 
1/02 f-- D07 - 1/02 U14 
110a r-- DOs - 110a 
1/04 r-- 007 - 1/04 ArrAs WE 

I I 
DIN DOs DIN 

ArrAs Dour 
U15 

Dour ArrA9 WE 

1/01 r-- DQs - 1/01 
U4 I/O-! r--- D010- I/O-! U16 110a f-- D011- 110a 

ArrA9 1/04 r-- D012- 1/04 ArrAs WE 

1101 f-- D013- 1/01 
U5 1/02 f-- D014- 1/02 U17 1l0a r-- D015- 110a 

ArrA9 1104 r--- 0016- 1/04 ArrA9 WE 
J ~ 1 

U6 
DIN 0017 DIN 

U18 

ArrA9 00UT DouT ArrA9 WE 

1/01 -0018 - 1/01 
U7 I/O-! -0019 - I/O-! U19 110a - 0020- 110a 

ArrA9 1/04 -0021 - 1/04 ArrAs WE 

1/01 - 0022- 1/01 
U8 1/02 - D02a- IIO-! U20 110a - 0024- 110a 

ArrAs 1/04 - 0025- 1/04 ArrAs WE 
I I 

U9 
DIN 0026 DIN 

U21 

ArrAs DouT DOUT ArrAs WE 

CAS3 --+-~-.fiC~A~S~'---""""Ll/iCo),l1 - 0027 - 1/01 
H--IR:RA~S U10 1/02 - 0028 - 1/02 U22 

- 110a - D02s - 110a 
~ OE WE ArrAs 1/04 - DQao - 1/04 ArrAs WE 

1 
~ CAS 1/01 - D0!1 - 1/01 

H--j RAS U11 i~g; ~ 8~ = i~g; U23 
~ OE WE ArrA9 1/04 f-- DQ34 - 1/04 ArrAs WE 

DQas DIN L':==!CAS U12 DIN 

-I RAS WE ArrAs Dour WE 
U24 

DoUT ArrA9 

WE-____ ~l--I+-------~Jr__~1 
Arr~----------~l~------------'I 

CAS~ 

RASI---~ 

OE~ 

CAS: I 
RAS 

CAS c----
RAS 

OE i-} 

CAS 
RAS 
OE I-} 

CAS:r-
RAS 

CAS I--
RAS 

OE I-} 

CAS I--
RAS 
OE I-~ 

CASr-
RAS 

CAS ~ 
RASI--H 
OE~ 

CAS~ 

RASI--H 
OE~ 

CAS:r-
RAS 1------' 

Vee ----~----------------- VCC U1 through U24 
-,- C, through C24 

GND ...... GND U1 through U24 
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MOSEL-vrrELIC V404J2321236 

DC and Operating Characteristics 
TA = O"C to 70·C, vee = 5 V ±10%, Vss = 0 V, unless otherwise specified. 

Access V404J232 V404J236 

Symbol Parameter TIme Unit Test Conditions Notes 

(ns) Min. Max. Min. Max. 

lu Input Leakage Current -160 160 -240 240 vA Vss S VIN S Voo 
(any input pin) 

ILO Output Leakage Current -20 20 -20 20 vA ~S~TSVeo 
(for High-Z State) RAS, CAS at VIH 

1001 V DO Supply Current, Operating 70 1940 3240 rnA ~c - tAC (min.) 1,2 

80 1720 1920 

1002 Voo Supply Current, 54 60 rnA RAS, CAS at VIH 
TTL Standby other inputs ~ Vss 

1003 V DO Supply Current, 70 1940 3240 rnA ~c - tAC (min.) 2 

RAS-Only Refresh 80 1720 1920 

IOD4 Veo Supply Current, Fast 70 1360 1520 rnA Minimum Cycle 1,2 

Page Mode Operation 80 1260 1400 

1005 Veo Supply Current, 72 80 rnA RAS.VIH, CAS.VIL 1 
Standby, Output Enabled other Inputs ~ Vss 

1006 V DO Supply Current, 36 40 rnA RAS ~ Veo-O.2 V, 
CMOS Standby CAS aI VIH 

other inputs ~ Vss 

VIL Input Low Voltage -1 0.8 -1 0.8 V 3 
(all Inputs) 

VIH Input High Voltage 2.4 Voo 2.4 Voo V 3 
(all Inputs) +1 +1 

VOL Output Low Voltage 0.4 0.4 V IQL = 4.2 rnA 

VOH Output High Voltage 2.4 2.4 V IOH --6rnA 
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MOSEL-VITELIC 

AC Characteristics 
T A = O·C to 70·C, Voo = 5 V ±10%, Vss = 0 V, unless otherwise noted. 
AC Test conditions, input pulse levels 0 to 3V 

JEDEC 
# Symbol Symbol Parameter 

Min. 

1 tRL1RHl ~AS RAS Pulse Width 70 

2 tRL2RL2 ~C Read or WrHe Cycle Time 130 

3 tRH2RL2 tRP RAS Precharge Time 50 

4 tRL1CHl leSH CAS Hold Time 70 

5 leL1CHl leAS CAS Pulse Width 20 

6 tRL1CLl tRCO RAS to CAS Delay 20 

7 fwH2CL2 tRCS Read Command Setup Time 0 

8 tAVRL2 tASR Row Address Setup Time 0 

9 tRL1AX tRAH Row Address Hold Time 10 

10 tAVCL2 tASC Column Address Setup Time 0 

11 leL1AX leAH Column Address Hold Time 15 

12 leL1RH1(R) tRSH(R) RAS Hold Time (Read Cycle) 20 

13 leH2RL2 leRP CAS to RAS Precharge Time 5 

14 leH2WX tRCH Read Command Hold Time 0 
Referenced to CAS 

15 tRH2WX tRRH Read Command Hold Time 0 
Referenced to RAS 

16 leL1QV hc Access Time from CAS 

17 ~L1QV tRAC Access Time from RAS 

18 tAVQV lcAA Access Time from Column 
Address 

19 leL1QX tLZ CAS to Low-Z Output 0 

20 leH20Z ~Z CAS to High-Z Output 0 

21 tRL1AX tAR Column Address Hold Time 55 
fromRAS 

22 tRL1AV tRAO RAS to Column Address 15 
Delay Time 
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V404J2321236 

70 80 
Unit Notes 

Max. Min. Max. 

75K 80 75K ns 

150 ns 

60 ns 

80 ns 

20 ns 

20 60 ns 4 

0 ns 

0 ns 

10 ns 

0 ns 

15 ns 

20 ns 

5 ns 

0 ns 5 

0 ns 5 

20 20 ns 6, 7 

70 80 ns 6,8,9 

35 40 ns 6,7,10 

0 ns 16 

25 0 25 ns 16 

60 ns 

35 20 40 ns 11 



MOSEL-VITELIC V404J2321236 

AC Characteristics (Cont'd.) 

JEDEC 70 80 
# Symbol Symbol Parameter Unit Notes 

Min. Max. Min. Max. 

23 IeL1RH1(W) tRSH(W) RAS or CAS Hold Time 20 20 ns 

in Wr~e Cycle 

24 'wL1CHl tCWL Write Command to CAS 15 15 ns 

Lead Time 

25 'wL1CL2 'wCS Wr~e Command Setup Time 0 0 ns 12,13 

26 IeL1WHl 'wCH Write Command Hold Time 15 15 ns 

27 'wL1WHl 'wP W~ Pulse Width 15 15 ns 

28 tRL1WHl 'wCR Wr~e Command Hold Time 55 60 ns 
fromRAS 

29 'wL1RHl tRWL Write Command to RAS 20 20 ns 
Lead Time 

30 'oVWL2 'os Data in Setup Time 0 0 ns 14 • 31 'wL10X 'oH Data in Hold Time 15 20 ns 14 

32 IeUCHl tCRW CAS Pulse Width (RMW) 75 80 ns 

33 IeL2CL2 'Pc Fast Page Mode 45 55 ns 

Read or Write Cycle Time 

34 IeH2CL2 lep CAS Precharge Time 10 10 ns 

35 tAVRHl leAR Column Address to RAS 35 40 ns 
Setup Time 

36 tCH2QV leAP Access Time from 40 45 ns 7 
Column Precharge 

37 IRL1DX tOHR Data in Hold Time 55 60 ns 

Referenced to RAS 

38 tCL1RL2 IeSR CAS Setup Time 5 5 ns 

CAS-before-RAS Refresh 

39 tRH2CL2 tRPC RAS to CAS Precharge Time 5 5 ns 

40 tRUCHl tCHR CAS Hold Time 15 15 ns 
CAS-before-RAS Refresh 

t,. t,. Transition Time 3 50 3 50 ns 15 

(Rise and Fall) 

IRI Refresh Interval (1024 Cycles) 16 16 ms 17 
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MOSEL-VITELIC V404J2321236 

Notes: 
1. 100 is dependent on output loading when the device output is selected. Specified 100 (max.) is measured with the 

output open. 
2. 100 is dependent upon the number of address transitions. Specified 100 (max.) is measured with a maximum of two 

transitions per address cycle in Fast Page Mode. 

3. Specified V1L (min.) is steady state operating. During transitions, V1L (min.) may undershoot to -1.0 V for a period not 
to exceed 20 ns. All AC parameters are measured with V1L (min.) ~ Vss and V1H (max.):s Voo. 

4. tRCo (max.) is specified for reference only. Operation within ~CO (max.) limits insures thattRAc (max.) and tcAA (max.) 
can be met. If tRco is greater than the specified ~CO (max.), the access time is controlled by tcAA and tcAC. 

5. Either tRRH or tRCH must be satisified for a Read Cycle to occur. 

6. Measured with a load equivalent to two TIL inputs and 100 pF. 

7. Access time is determined by the longer of tcAA' fcAc or tcAp· 

8. Assumes thattRAo:S ~Ao (max.). If~Ao is greater than tRAo (max.), ~C will increase by the amountthattRAo exceeds 
tRAo (max.). 

9. Assumes that~co :S~co (max.).lftRCo is greater than ~co (max.), ~AC will increase by the amount thattRco exceeds 
~CO (max.). 

10. Assumes that tRAo ~ ~o (max.). 

11. Operation within the tRAo (max.) limit ensures thattRAc (max.) can be met. ~o (max.) is specified as a reference point 
only. IftRAo is greater than the specified tRAo (max.) limit, the access time is controlled by tcAA and fcAc. 

12. wcs is not a restrictive operating parameter. 

13. wcs (min.) must be satisfied in an Early Write Cycle. 

14. tos and toH are referenced to the latter occurrence of CAS or WE. 

15. tr is measured between V1H (min.) and V1L (max.). AC-measurements assume tT = 5 ns. 

16. \.z and ~ define the time at which DOUT reaches an open circuit and are not referenced to the output voltage levels. 

17. An initial 200 JIS pause and 8 RA8-containing cycles are required when exiting an extended period of bias without 
clocks. An extended period of time without clocks is defined as one that exceeds the specified Refresh Interval. 
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MOSEL-VITELIC V404J2321236 

Waveforms of Read Cycle 

RAS "iH -
V1L -

CAS 
VIH -

V1L -

ADDRESS 
V1H -

V1L -

W 
V1H -

V1L -

ItO 
VOH-

VOL -

~-----------------------tRC~)----------------~ 
~----------------- 'RAS (1)----------1 

-----~ ~----- 'AR(21)-------I .z-----.,.,..-----

J+----------tCSH (4)--+---------.j 
,.-~ 

VALID DATA-OUT 

Waveforms of Early Write Cycle 

RAS 
V1H -

V1L -

~-----------------------tRC~---------------~ 
~------------- 'RAS (1)------'-'--------~ 

-----,.~----- tAR (21) -----.j .r----i-

VIH -
CAS 

V1L -

ADDRESS 
V1H -

V1L -

W 
V1H -

V1L -

ItO V1H - -----------(] VALID DATA-IN D-------HIGH-Z --------
V1L - ~------'''-
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MOSEL-vrrELIC 

Waveforms of Fast Page Mode Read Cycle 

CAS 

ADDRESS 

Vi 

I/O 

V 1H -

V 1L -

V 1H -

V 1L -

VO.r

V OL-

Waveforms of Fast Page Mode Write Cycle 

RAS 
VIH-

V 1L -

CAS 
V 1H -

V 1L -

ADDRESS 

W 
V 1H -

V 1L -

I/O 
V 1H -

V 1L -

V404J2321236 
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MOSEL-VITELIC V404J2321236 

Waveforms of RAS·Only Refresh Cycle 

t----------tRC(2)----------t 

RAS 
VIH-

-------i- i"">------- t RAS(l)-------t J:,----,. 

V 1L -

CAS 
V 1H -

V 1L -

ADDRESS 
V 1H -

V 1L -

NOTE: W = Don't care 

Waveforms of CA5-before-RAS Refresh Cycle 

RAS 

t------ t RC (2) ---------------t 

VIH

V 1L -

14----- tRAS(1) ------., 

E-----------~ ~-----_1 

V1H -

V 1L -

NOTE: Vi. Ao -A9 = Don1 care 

1+----- tCHR (40) -----l~ 
tesR (38) 
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MOSEL-VITELIC V404J2321236 

Waveforms of Hidden Refresh Cycle (Read) 

RAS 
VIH-

V 1L -

V1H -
CAS 

V IL -

ADDRESS 
V1H -

V 1l -

Vi V1H -

V1l -

!4-----i_r_ 1HZ (20) 

110 VALID DATA 

Waveforms of Hidden Refresh Cycle (Write) 

VIH-
RAS 

V1l -

CAS 
V1H -

V1l -

ADDRESS 
V1l -

W 
V1H -

V1l -

V1H -
VO 

V1l -

I wcs (2!."i. I WCH (26)==:! 

"""""'ZZ""""""ZZZ-'+-'fZ"""""'Z>1.T L y~ZZ'T""'T'ZZ..,....,.ZZ~ZZ-r""lZ ......... ZZ'1'"'T'"ZZ.,...,...ZZ'T""'T'ZZ..,....,.ZZ~ZZ-r""lZ""""""ZZ 

~(30) tI:IDH~31) 
XXXX VALIDD~mxxXXix'KKlXtlX'IXKlXlIJjYXXX 

I DHR(37) 
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MOSEL-VITELIC V404J2321236 

Waveforms of CAS-before-RAS Refresh Counter Test Cycle 

RAS VIH-

V'L -

CAS V'H-

V 1L -

ADDRESS V'H-

V'L -

WE 
V 1H -

V'L -

I/O 
V'H-

V'L-

WE V'H-

V'L - • V'H-I/O 
V ,L -
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MOSEL-VITELIC MS6264A 
BK x B HIGH SPEED 
CMOS STATIC RAM 

Features 
• High-speed - 15/20/25/35 ns 
• Low Power dissipation: 

- 825mW (Max.) Operating 
- 550l1W (Max.) Power Down 

• 5V ± 10% supply 
• Fully static operation 
• TTL compatible 1/0 
• Three state outputs 

Pin Configurations 

Vc;c 

Vi 
E. 

A. 

A9 

Al1 

G 
A,o 

E, 
00, 

00. 

00. 

DO, 

V DO. 

Description 
The MS6264A is a 65,536-bit static random access 

memory organized as 8,192 words by 8 bits and operates 
from a single 5 volt supply. All inputs and three-state 
outputs are TTL compatible and allow for direct interfacing 
with common 1/0 bus system. The MS6264A is available 
in the following standard 28-pin packages: 

300 MIL Plastic DIP 
300 MIL Small Outline J-Bend (SOJ) 

5-1 

Functional Block Diagram 

Row 
Decoder 

'28X5,2 
Memory Array 

--oVc;c 

--oVss • 



MOSEL-VITELIC 

Pin Descriptions 
AO-A12 Address Inputs 
These 13 address inputs select one ofthe 8192 x 8-
bit words in the RAM. 

E1 Chip Enable 1 Input 
§,2 Chip Enable 2 Input 
E1 is active LOW and E2 is active HIGH. Both chip 
enables must be active to read from or write to the 
device. If either chip enable is not active, the device 
is deselected and is in a standby power mode. The 
DQ pins will be in the high-impedance state when 
deselected. 

G Output Enable Input 
The output enable input is active LOW. If the output 
enable is active while the chip is selected and the 
write enable is inactive, data will be present on the 

Truth Table 

MODE W E1 Eft G 

Not Selected X H X X 

(Power Down) X X L X 

Output Disabled H L H H 

Read H L H L 

Write L L H X 

Absolute Maximum Ratings(1) 

Symbol Parameter Rating Unit 

Vee Supply Voltage -0.3 to 7 

VIN Input Voltage -O.3t07 V 

Voo Input/Output Voltage -0.3 to 6 
AIlDlied 

TBIAS Temperature Plastic -10 to +125 ·C 
Under Bias 

TSTG Storage Plastic -40 to +150 ·C 
Temoerature 

PD Power Dissipation 1.0 W 

lOUT DC Output Current 50 rnA 

NOTE: 
1 . 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 sections of this 
specification is not implied. Exposure to absolute 
maximum rating cond~lons for extended periodS may 
affect reliability. and degrade performance characteristics. 

5-2 

MS6264A 

DO pins. Th.! DO pins will be in the high impedance 
state when G is inactive. 

W Write Enable Input 
The write enable input is active LOW and controls 
read and write opera~ns. With the chip enabled, 
when W is HIGH and G is LOW, output data will be 
present at the DO pins; when W is LOW, the data 
present on the DO pins will be written into the 
selected memory location. 

DQcrD~ Data Input/Output Ports 
These 8 bidirectional ports are used to read data 
from or write data into the RAM. 

Vcc Power Supply 

Vss Ground 

VO OPERATION 

HighZ 

HighZ 

HighZ 

DoUT 

DIN 

Operating Range 

RANGE 

Commercial 

Capacitance/f) 

VccCURRENT 

IccsB• ICCSB1 

ICCSB' I CCSB1 

Icc 

Icc 

Icc 

AMBIENT 
TEMPERATURE 

O·C to +70·C 

(TA = 25·C, f = 1.0 MHz) 

Symbol Parameter Conditions 

C IN Input Capacitance VIN=OV 

Coo 
InpuVOutput 
Ciwacitance Vue = OV 

NOTE: 

5V±10% 

Max. Unit 

8 pF 

10 pF 

1. This parameter is guaranteed and not tested. 



MOSEL-VITELIC MS6264A 

DC Electrical Characteristics (over the commercial operating range) 

Parameter MS6264A 
Name Parameter Test Conditions Min. Typ.ll) Max. Unit 

VIL Guaranteed Input Low Voltage(2) -0.3 - O.S V 

VIH Guaranteed Input High VoltageL2) 2.2 - 6.0 V 

IlL Input Leakage Current Vee=Max, V IN = OVtoVee -2 - 2 jiA 

IOL Output Leakage Current Vee= Max, El = VIH, or Ee = VIL, or G = V IH, -2 - 2 IlA 
VIN=OVtOVee 

VOL Output Low Voltage Vsx; = Min, bL = SmA - - 0.4 V 

VOH Output High Voltage Vee = Min, bH = --4mA 2.4 - - V 

lee Operating Power Supply Current Vee= Max, El = V IL, E2 = VIH, loa = OrnA, - - 150 rnA 

F = Fm ax (3) 

leesB Standby Power Supply Current Vee = Max, E = V IH, or E2 = V IL, loa = OrnA - - 20 rnA 

IcesBl Power Down Power Supply Vee = Max, El ~ Vee - 0.2V, E2S 0.2V L(4) - - 100 jiA 

Current VIN ~ VCC --{I.2V OR V IN S 0.2V STD - - 3 rnA 

NOTES: 
1. Typical characteristics are at Vee = 5V, TA = 25°C. 
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. FMAX = l/tRc. 
4. Low power version only. 

Data Retention Characteristics (over the commercial operating range) 

Symbol Parameter Test Conditions Min. Typ.(I) MIll Unit 

VCR V cc for Data Retention E, ~ Vee - 0.2V, or E2S 0.2V, 2.0(3) - - V 

VIN ~ Vee - 0.2V or VIN S 0.2V • 
leeoR Data Retention Current 

El ~ Vee - 0.2V, or E2 S 0.2V, - 2 50(3) IlA 
VIN ~ Vee - 0.2Vor VINS 0.2V 

IlL Input Leakage Current - - 2 IlA 

!cDR Chip Deselect to Data 0 - - ns 
Retention Time See Retention Waveform 

~ Operation Recovery Time ~c(2) - - ns 

NOTES: 
1. Vec = 2V, TA = +25°C 
2. ~C = Read Cycle Time 
3. For low power version only 

Low Vee Data Retenti"n Waveform (E1 Controlled) 

Vee--------~ I+- Data Retention Mode -- _--------
4.5V' 14.5V 
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MOSEL-VITELIC MS6264A 

Low V cc Data Retention Waveform (E2 Controlled) 

Vcc Data Retention Mode 

VDR~2V 
tR 

E2 

E2S 0.2V 

AC Test Conditions Key to Switching Waveforms 

Input Pulse Levels OVto 3.0V 

Input Rise and Fall Times 3ns 

Timing Reference Level 1.5V 

AC Test Loads and Waveforms 

Rl480n 
5V 0----./01......, 

OUTPUT 0-...,.----+ 
R2 

30pF 2550 I INCLUDING 
-=- JIG AND -=

SCOPE 

Figure 1. 

THEVENIN EQUIVALENT 
167 a 

OUTPUT c>o--~,..,..,,'----oo 1.73V 

All INPUT PULSES 

GND~O% 100/0 
3.0v~m~ 

3ns I- 3ns 

Figure 2. 

WAVEFORM INPUTS 

MUST BE 
STEADY 

~ 
MAY CHANGE 
FROMHTOl 

.Ill7 MAY CHANGE 
FROMl TOH 

m DON'T CARE: 
ANY CHANGE 
PERMITTED 

K OOESNOT 
APPLY 

AC Electrical Characteristics (over the commercial operating range) 
Read Cycle 

OUTPUTS 

Will BE 
STEADY 

Will BE 
CHANGING 
FROMHTOl 

Will BE 
CHANGING 
FROMl TOH 

CHANGING: 
STATE 
UNKNOWN 

CENTER 
LINE IS HIGH 
IMPEDANCE 
''OFP' STATE 

JEDEC MS6264A·15 MS6264A·20 MS6264A·25 MS6264A-35 
Parameter Parameter 

Name Name Parameter Min. Max. Min. Max. Min. Max. Min. Max. 

tAVAX tRC Read Cycle Time 15'd" - 20 - 25 - 35 -
tAVOV tAA Address Access Time -frt· 15 - 20 - 25 - 35 

tFIO" t."", Chip Enable Access Time -;(:t 15 - 20 - 25 - 35 

tELQV tACS2 Chip Enable Access Time ~!-~~ - 20 - 25 - 35 

~lQX IoE Output Enable to Output Valid - 10 - 10 - 15 

tEHQZ lcLz Chip Enable to Output Low Z 5;'::~£ - 5 - 5 - 5 -
~lQX IoLZ Output Enable to Output in Low Z O,.,.,¥ - 0 - 0 - 0 -
tEHOZ tcHZ Chip Disable to Output in High Z J:;!'~ ~~ - 10 - 15 - 15 

iGHOZ tOHZ Output Disable to Output in High Z - 10 - 15 - 15 

tAXOX to~ Output Hold from Address Change 5nl- 5 - 5 - 5 -

5-4 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



MOSEL-VITELIC 

Switching Wavefonns (Read Cycle) 

READ CYCLE 1(1,2,4) 

DouT 

READ CYCLE 2(1,3,4) 

E,ssL {mZZVl 
E2zzsl---tACS1-----i ~ \\\\\\ 

t~~,--------------~---t~:~i-~~ 
DOUT tcLZ(5)~_D-a-ta-V-a-li-d------------___r 

READ CYCLE 3(1) 

tAC 

ADDRESS 

tM . 
\\\\\\\\\' IL '11111 

-toe ------ ... tOll .. 

E, \\\' -toLZ- /1 VII; 'II 
tCLZ' 

(5) tACS' 
f-HCHZ(,,sl ----. 

III.' tACS2 '~ 1\\\\ ,\\ 
I-tOHZl51 ----. 

tClZ2 
(5) l!-=-tCHZ(2.51 ----. 

<z) Data Valid -

NOTES: 
1. W is high during all read cycles. 
2. Device is continuously selected E", = V1Land E2 - V1H. 
3. Address valid prior to or coincident with E", transition low and lor E2 transition high. 
4. G-VIL 

MS6264A 

5. Transition is measured +500mV from steady state with CL = 5pF. This parameter Is guaranteed and not 100% tested. 
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MOSEL-vrrELIC 

AC Electrical Characteristics (over the commercial operating range) 
Write Cycle 

JEDEC MS6264A·15 MS6264A·20 MS6264A·25 
Parameter Parameter 

Name Name Parameter Min. Max. Min. Max. Min. Max. 
tAVAX Iw" Write Cycle Time 15 - 20 - 25 -
tELWH lew Chip Enable to End of Write 10,: 

>-
15 - 20 -

tAIIWL WI. Address Set up Time o ~, w_ 0 - 0 -
tAVWH tAW Address Valid to End of Write 10'" .. ~ - 15 - 20 -

..' 
tWlWH twp Write Pulse Width 10;:£ . .:-- 15 - 20 -
tWHAX tWR Write Recovery Time *i 

0", f.- 0 - 0 -
tWlOZ tWHZ Write to Output in High Z 0'" >- 15 0 15 0 20 

tDVW" 
tow Data to Write Time Overlap 5;: " 15 20 l- - -

IWHox to" Data Hold from Write Time 0;F- 0 - 0 -
iGHOZ 10Hz Output Disable to Output in High Z °tf"10 0 10 0 15 

tWHOX tow Output Active from End of Write 5 - 5 - 5 -

Switching Wavefonns (Write Cycle) 

WRITE CYCLE 1 (1) 

~----------------twc------------------~ 

MS6264A 

MS6264A-35 

Min. Max. Unit 
35 - ns 

25 - ns 

0 - ns 

25 - ns 

20 - ns 

0 - ns 

0 20 ns 

20 - ns 

0 - ns 

0 15 ns 

5 - ns 

----~ ,-----
ADDRESS 

~--~---------tAW------------~+-

~------lwl::L)------" 

Dour 
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MOSEL-vrrELIC MS6264A 

Switching Wavefonns (Write Cycle) 

WRITE CYCLE 2(1,8) 

~-------------twc--------------~ 

ADDRESS 

~ _____ tCW(~II~) ____ ~ 

(5) 

~ _____ tcw~(II~) __ ~ 

~-----------tAW -------------1 
___ +-_"r:"'~~~I+---twp(",-2)----I_I-______ _ 

DOUT 

r--tow tOH ::j; 
--------(%D8ta-ln Valid X>OOO< 

NOTES: 
1. W must be high during address transitions. 
2. The Internal write tima of the memory Is dellned by the overlap of E, and E2 active and W low. All signals must be active to 

initiate a write and any one signal can terminate a write by going Inactive. The data Input setup and hold timing should be 
referenced to the second transition edge of the slgnal that terminates the write. 

3. IwR Is maasurec:t from the earlier of E, or W going high or E2 going low at the end of write cycle. 
4. Duri"!l, this period, DO pins are In the output state so that the input signals of opposite phase to the outputs .!!!ust not be applied. 
5. If tha E, low transition or the ~ high transition occurs simultaneously with the W low transitions or after the W transition, outputs 

remain in a high Impedance state. 
6. G is continuously low (G. VIL)' 
7. DOUT is the same phase of write data of this write cycle. 
8. DWT is the read data of next address. 
9. If El is low and E2 is high during this period, DO pins are in the output state. Then the data input signals of opposite phase to the 

outputs must not be applied to them. 
10. Transition is measured ±5OOmV from steady state with CL = 5pF. This parameter is guaranteed but not 100% tested. 
11. lew. is measured from_the later of E, going low or E2 going high to the end of write. 
12. If G is LOW during a W controlled write cycle, the write pulse width must be the larger of twp or (IwHZ + tow) to allow the 1/0 

drivers to turn off and data to be placed on the bus for the required low. If G is HIGH during a W controlled write cycle, this 
requiremant does not apply and the write pulse can be as short as the specified Iwp. 
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MOSEL-vrrELIC MS6264A 

Ordering Information 

Speed (n8) Ordering Part Number Package Reference No. Temperature Range 

15 MS6264A-15NC 28 Pin 300 mil Plastic DIP O·C to +70·C 

15 MS6264A-15RC 28 Pin 300 mil SOJ O·Cto +70·C 

20 MS6264A-20NC 28 Pin 300 mil Plastic DIP O·Cto +70·C 

20 MS6264A-20RC 28 Pin 300 mil SOJ O"Cto +70·C 

25 MS6264A-25NC 28 Pin 300 mil Plastic DIP O·C to +70·C 

25 MS6264A-25RC 28 Pin 300 mil SOJ O"C to +70·C 

35 MS6264A-35NC 28 Pin 300 mil Plastic DIP O"C to +70·C 

35 MS6264A-35RC 28 Pin 300 mil SOJ O"Cto +70·C 
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MOSEL-VITELIC MS62256A 
32K x 8 HIGH SPEED 
CMOS STATIC RAM 

Features 
• High-speed - 20/25/35 ns 
• Low Power dissipation: 

MS62256A 
900mW (Typ.) Operating 
50mW (Typ.) Standby 

• Fully static operation 
• All inputs and outputs directly TTL compatible 
• Three state outputs 
• Ultra low data retention supply current at 

Vcc=2V 

Pin Configurations 

A,. Vce 
A,. Vi 

A7 A,. 

A. A. 

As A. 

A. An 

A. li 

A. A,. 

A, E 

A. DO, 

DO. DO. 

DO, DO. 

DO. DO. 
Vss DO. 

A. 

E 
li 
Vi 
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Description 
The MS62256A is a 262,144-bit static random 

access memory organized as 32,768 words by 8 
bits and operates from a single 5 volt supply. It is 
built with MOSEL-VITELIC's high performance twin 
tub CMOS process. Inputs and three-state outputs 
are TTL compatible and allow for direct interfacing 
with common system bus structures. The 
MS62256A is available in the following standard 28-
pin packages: 

300 MIL Plastic DIP 
300 MIL Small Outline J-Bend (SOJ) 

Functional Block Diagram 

512x512 
Memory Array 

---OVce 

---OVss • 



MOSEL-VITELIC 

Pin Descriptions 

Ao - A14 Address Inputs 
These 15 address inputs select one of the 32768 

8-bit words in the RAM. 

E Chip Enable Input 
E is active LOW. The chip enable must be active 

to read from or write to the device. If it is not active, 
the device is deselected and is in a standby power 
mode. The DO pins will be in the high-impedance 
state when deselected. 

G Output Enable Input 
The output enable input is active LOW. If the 

output enable is active while the chip is selected 
and the write enable is inactive, data will be present 
on the DO pins and they will be enabled. The DO 
pins will be in the high impedance state when G is 
inactive. 

Truth Table 

Mode E G W 110 Operation 

Standby H X X HighZ 

Read L L H DOUT 

Output L H H HighZ 
Disabled 

Write L X L DIN 

Absolute Maximum Ratings (1) 

Symbol Parameter Rating Units 

Vee Supply Voltage -0.3 to 7 

VIN Input Voltage -0.3 to 7 V 

Vea InpuIJOutput Voltage Applied -0.3 to 6 

TBIAS Temperature Under Plastic -10 to +125 ·C 
Bias 

TSTG Storage Plastic -40 to +150 ·C 
Temoerature 

Po Power Dissipation 1.0 W 

lOUT DC Output Current 50 mA 

1 . 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 sections of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect reliability and degrade performance characteristics. 

MS62256A 

W Write Enable Input 
The write enable input is active LOW and controls 

read and write operations. With the chip enabled, 
when W is HIGH and G is LOW..L0utput data will be 
present at the DO pins; when W is LOW, the data 
present on the DO pins will be written into the 
selected memory location. 

000 - OQ7 Data Input/Output Ports 
These 8 bidirectional ports are used to read data 

from or write data into the RAM. 

Vee Power Supply 

VSS Ground 

Operating Range 

Range 

Commercial 

5-10 

Ambient 
Temperature 

O·C to +70·C 

v 
5V±10% 



MOSEL-VITELIC MS62256A 

DC Electrical Characteristics {over the commercial operating range} 

Parameter MS62256A 
Name Parameter Test Conditions Min. Typ.ll) Max. Units 

VI Guaranteed Input Low Voltage(2.3) -0.3 - O.B V 

VI Guaranteed Input High VoHagd2) 2.2 - 6.0 V 

I" Input Leakage Current V C~= Max, V I~ = OV to '{cc_ -2 - 2 p.A 

IOL Output Leakage Current Vee= Max, E = VIH or G = VIH, VIN = OV t 0 Vee -2 - 2 p.A 

VOL Output Low Voltage Vee = Min, bL = BmA - - 0.4 V 

VOH Output High VoHage Vee = Min, bH = -4rnA 2.4 - - V 

lee Operating Power Supply Current Vee= Max, E = VIL, loa = OrnA, F = Fm ax (4) - - 180 rnA 

leesB Standby Power Supply Current Vee = Max, E = V IH, loa = OrnA - - 35 rnA 

lecsB1 Power Down Power Supply Vee = Max, E 2: Vee - 0.2V - - 10 ~ 
Current VIN 2: Vee - O.2V or VIN S 0.2V 

1. Typical characteristics are at Vee = 5V, T" = 25°C. 
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. VIL (Min.) = -3.0V for pulse width s 20ns 
4. FMAX = litRe. 

Capacitancef1j T A = 25°C, f = 1.0MHz 

Symbol Parameter Conditions Max. Unit 

C IN Input Capacitance V1N-OV 8 pF 

Coo 
Input/Output 

VIIo - OV 10 pF Capacitance • 1. This parameter is guaranteed and not tested. 

Data Retention Characteristics (over the commercial operating range) 

Symbol Parameter Test Conditions Min. Typ.ll) Max!2l Units 

VOR Vee for Data Retention E ~ Vee- 0.2V, VIN ~ Vee- 0.2V or VIN S 0.2V 2.0(4) - - V 

leeDR Data Retention Current E ~ Ver:- 0.2V, VIN 2: V=- 0.2V or VIN S 0.2V - 2 50 p.A 

!coR Chip Deselect to Data Retention 0 - - ns 
ime See Retention Waveform 

~ Operation Recovery Time ~C<3) - - ns 

1. Vee = 2V, T" = +25°C 
2. Vee=3V 
3. tRe = Read Cycle Time 

Timing Waveform Low Vee Data Retention Waveform 

Vee ________ --,.1-- Data Retention Mode -- ,_--------

4.5V' VDR~2V ~4.5V 
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MOSEL-vrrELlC MS62256A 

AC Test Conditions Key to Switching Waveforms 

Input Pulse Levels WAVEFORM INPUTS 

Input Rise and Fall Times 

Timing Reference Level 

OVIo 3.0V 

3ns 

1.5V 
MUST BE 
STEADY 

~ 
MAY CHANGE 
FROMHTOL 

.Ill7 MAY CHANGE 
FROML TOH 

m DON'T CARE: 
ANY CHANGE 
PERMmED 

K DOES NOT 
APPLY 

AC Test Loads and Waveforms 

48011 4800 
5V 0-----./1, ....... 

OUTPUT o--~--~ 

5V 0-----./1,,,...., 

OUTPUT o--~---.; 

30pF 255Il I INCLUDING 
':'~'p~ ':' 

5pF 255Il I INCLUDING 
,:,~~r.:,D ':' 

figure 1. flgurelb 

Equivalent to: 
THEVENIN EQUIVALENT 

1670 
OUTPUT OO---.1'''''N'----()O 1.73V 

ALL INPUT PULSES 

3.0V~9M~ 
GND 10% 1 3n~ 3n. 

figure 2 

AC Electrical Characteristics {over the commercial operating range} 
Read Cycle 

Jedec MS62256A-20 MS62256A-25 
Parameter !Parameter 

Name Name Parameter Min, Max. Min. Max, 

~AX tRc Read Cycle Time 20 - 25 -

~VQV 1M Address Access Time - 20 - 25 

leLQV tACS Chip Enable Access Time - 20 - 25 

taLQX toe Output Enable to Output Valid - 8 - 12 

IEHOZ hz Chip Enable 10 Outpul Low Z 3 - 5 -
Ir.IOX 1017 Output Enable 10 Output in Low Z 0 - 0 -
"'1107 tc ... z Chip Disable 10 Output in High Z - 8 - 10 

Ir. ... 07 low Output Disable 10 Output in High Z - 7 - 10 

IAXox to... Output Hold from Address Change 3 - 5 -

5-12 

OUTPUTS 

WILL BE 
STEADY 

WILL BE 
CHANGING 
FROMHTOL 

WILL BE 
CHANGING 
FROML TOH 

CHANGING: 
STATE 
UNKNOWN 

CENTER 
LINE IS HIGH 
IMPEDANCE 
'"OFP' STATE 

MS62256A-35 

Min. Max. Unit 

35 - ns 
- 35 ns 

- 35 ns 
- 15 ns 
5 - ns 
0 - ns 

- 15 ns 
- 15 ns 

5 - ns 



MOSEL-VITELIC 

Switching Waveforms (Read Cyc/e) 

READ CYCLE 1(1) 

ADDRESS 

DOUT ---------------------------( 

READ CYCLE 2(1,2, 4) 

READ CYCLE 3(1,3,4) 

NOTES: 
1. Vi is High for READ Cycle. 
2. Device is continuously selected E = V1L• 

3. Address valid prior to or coincident with E transition low. 
4. G zV1L• 

MS62256A 

5. Transition is measured ± 500mV from steady state with CL = 5pF as shown in Figure 1 b. This parameter Is guaranteed and not 
100% tested. 

5-13 
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MOSEL-VITELIC 

AC Electrical Characteristics {over the commercial operating range} 

Write Cycle 

Jedec 
Parameter lParameter 

Name Name Parameter 

ip,VAX Iw~ Wrne Cycle Time 

tElWH tcw Chip Enable to End of Write 

tAVWL tAS Address Set up Time 

tAVWH tAW Address Valid to End of Write 

tWLWH twp Write Pulse Width 

tWHAX IwR Write Recovery Time 

tWlOZ IwHZ Write to Output in High Z 

tOVWH low Data to Write Time Overlap 

tWHOX to~ Data Hold from Write Time 

Switching Wavefonns (Write Cycle) 

WRITE CYCLE 1 (1) 

ADDRESS \. 

///' 
L 

\\\ \.\\\\\tS
) 

:+-------+j tAS 

'\\ \ \~ 

DOUT 

~ r+-tOHZ 

" " " ""'" / / / //" 

MS62256A-20 MS62256A-25 

Min. Max. Min. Max. 

20 - 25 -
15 - 20 -
0 - 0 -
15 - 20 -
15 - 15 -
0 - 0 -
0 8 0 13 

10 - 13 -
0 - 0 -

twe 

j 

-tWR(~ 

'.\\\ 
tew 

//////// 
tAW 

~ 

twp(2) 

MS62256A 

MS62256A-35 

Min. Max. Unit 

35 - ns 

25 - ns 

0 - ns 

25 - ns 

20 - ns 

0 - ns 

0 15 ns 

15 - ns 

0 - ns 

tDW .. I .. tOH 

D,N----------«""!%.lo.-D_at_a-_,n_v_ar_,d_--.:l~x~x~x~ 
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MOSEL-VITELIC 

Switching Waveforms (Write Cycle) 

WRITE CYCLE 2(1,6) 
~-------------twc--------------~ --.... ~------

ADDRESS 

r--tow tOH :j; 
DIN --------(%oata-In Valid AJ()()()( 

NOTES: 
1. IN must be high during address transHions. 

MS62256A 

2. The internal write time of the memory is defined by the overlap E active and IN low. Both signals must be active to initiate and 
anyone signal can terminate a wrHe by going inactive. The data input setup and hold timing should be referenced to the second 
transition edge of the signal that terminates the write. 

3. T WR is measured from the earlier of E or IN going high at the end of wrHe cycle. 
4. During this period, DO pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 
5. If the E low transition occurs simultaneously with the IN low transitions or after the IN low transition, outputs remain in a high 

impedance state. 
6. G is continuously low (G = VILl. 
7. DOUT is the same phase of wrHe data of this write cycle. 
8. DOUT is the read data of next address. 
9. If E is low during this period, DQ pins are in the output state. Then the data input signals of opposite phase to the outputs must 

not be applied to them. 
10. Transition is measured ±500mV from steady state with CL = 5pF as shown in Figure 1 b on page 4. This parameter is guaran

teed and not 100% tested. 
11. lew is measured from E going low to the end of wrHe. 

5-15 
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MOSEL·vrrELIC MS62256A 

Ordering Information 
Speeds OrderIng Part Number Package Temperature Range 

20 MS62256A-20NC 28 Pin Plastic DIP - 300 mil O"C to + 70"C 

20 MS62256A-20RC 28 Pin Small OuHine J Bend O"C to + 70·C 

25 MS62256A-25NC 28 Pin Plastic DIP - 300 mil O·Cto +70·C 

25 MS62256A-25RC 28 Pin Small OuHine J Bend 0·Cto+70·C 

35 MS62256A-35NC 28 Pin Plastic DIP - 300 mil 0·Cto+70·C 

35 MS62256A-35RC 28 Pin Small Outline J Bend O·Cto +70·C 

5-16 



MOSEL-VITELIC MS62256H 
32K x 8 HIGH SPEED 
CMOS STATIC RAM 

Features 
• High-speed - 15/20/25/35 ns 
• Low Power dissipation: 

MS62256HL 
1.1 W (Max.) Operating 
1 mW (Max.) Power down 

• Fully static operation 
• All inputs and outputs directly TIL compatible 
• Three state outputs 
• Ultra low data retention supply current at 

Vee = 2V 

Pin Configurations 

A,. Vee 

A,. Vi 
A, A,. 

A. As 

A. Ag 

A, A" 

A3 G 

A. Am 

A, E 

AD DO, 

DOD DO. 

DO, D05 

DO. DO, 

Vss DO. 

DOD 

DO, 

E 
G 
Vi 
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ADVANCED 
INFORMATION 

Description 
The MS62256H is a 262,144-bit static random 

access memory organized as 32,768 words by 8 
bits and operates from a single 5 volt supply. It is 
built with MOSEL-VITELIC's high performance twin 
tub CMOS process. Inputs and three-state outputs 
are TTL compatible and allow for direct interfacing 
with common system bus structures. The 
MS62256H is available in the following standard 
28-pin packages: 

600 MIL Plastic DIP 
300 MIL Plastic DIP 
300 MIL Small Outline J-Bend (SOJ) 

Functional Block Diagram 

Row 
Decoder 

1.024 x 256 
Memory Array 

---aVcc 
---avss 

II 



MOSEL-VITELIC 

Pin Descriptions 

Ao • A14 Address Inputs 
These 15 address inputs select one of the 32768 

8-bit words in the RAM. 

E Chip Enable Input 
E is active LOW. The chip enable must be active 

to read from or write to the device. If it is not active, 
the device is deselected and is in a standby power 
mode. The DO pins will be in the high-impedance 
state when deselected. 

G Output Enable Input 
The output enable input is active LOW. If the 

output enable is active while the chip is selected 
and the write enable is inactive, data will be present 
on the DO pins and they will be enabled. The DO 
pins will be in the high impedance state when G is 
inactive. 

Truth Table 

Mode E G W 1/0 Operation 

Standby H X X HighZ 

Read L L H DooT 

Output L H H HighZ 
Disabled 

Write L X L DIN 

Absolute Maximum Ratings (1J 

Symbol Parameter Rating Units 

Vee Supply Voltage -0.3 to 7 

VIN Input Voltage -0.3 to 7 V 

VDQ Input/Output Voltage Applied -0.3 to 6 

TBIAS Temperature Under Plastic -10 to +125 ·C 
Bias 

Tsro Storage Plastic -40 to +150 ·C 
Temoerature 

Po Power Dissipation 1.2 W 

lOUT DC Output Current 50 rnA 

1. 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 sections of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect reliability and degrade perfonnance characteristics. 

MS62256H 

W Write Enable Input 
The write enable input is active LOW and controls 

read and write operations. With the chip enabled, 
when W is HIGH and G is LOW, output data will be 
present at the DO pins; when W is LOW, the data 
present on the DO pins will be written into the 
selected memory location. 

000 • DQ., Data Input/Output Ports 
These 8 bidirectional ports are used to read data 

from or write data into the RAM. 

Vee Power Supply 

Vss Ground 

Operating Range 

Range 

Commercial 

5-18 

Ambient 
Temperature 

o·Cto +70·C 

Vee 

5V±10% 



MOSEL-VITELIC MS62256H 

DC Electrical Characteristics (over the commercial operating range) 
Parameter MS82256H 

Name Parameter Test Conditions Min. TypJ1J Max. Units 

V'L Guaranteed Input Low Voltage(2.3) --{).3 - 0.8 V 

V,H Guaranteed Input High Voltage2) 2.2 - 6.0 V 

I" Input Leakage Current Vc:c:=Max, VlI'L= OVtoV= -2 - 2 !LA 
10L Output Leakage Current Vee= Max, E = V'H or G = V'H, V'N = OV t 0 Vee -2 - 2 !LA 
VOL Output Low Voltage Vee = Min, bt = SmA - - 0.4 V 

VOH Output High Voltage Vee = Min, btl = -4.0rnA 2.4 - - V 

lee Operating Power Supply Current Vee= Max, E = V'L, loa = OmA, F = Fmax (4) - - 200 rnA 

lecsB Standby Power Supply Current Vee = Max. E = V'H, loa = OmA - - 40 mA 

leesB1 Power Down Power Supply Vee = Max, E ~ Vee - 0.2V - - 2 ~ 
Current V'N ~ Vee - 0.2V or V'N:S 0.2V - - 130(5) !LA 

1. Typical characteristics are at Vee = SV, T A = 2SoC. 
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. V'L (Min.) = -3.0V for pulse width :5 20ns 
4. FMA)( = 1/tAe. 
S. L version only. 

Capacitancef1) T A = 25°C, f = 1.0MHz 

Symbol Parameter Conditions Max. Unit 

C'N Input Capacitance V'N=OV 8 pF 

Coo 
Input/Output 

Vvo = OV 10 pF Capacitance • 1. This parameter is guaranteed and not tested. 

Data Retention Characteristics (over the commercial operating range) 

Symbol Parameter Test Conditions Min. Typ.(1) MIlI2I Units 

VOA Vee for Data Retention E ~ Vee- 0.2V, V'N ~ Vee- 0.2V or V'N:5 0.2V 2.0( - - V 

leeoR Data Retention Current E ~ Ver:- 0.2V, V'N ~ Vee- 02V or V'N:S 0.2V - 2 S04) jIA 

!cDR Chip Deselect to Data Retention 0 - - ns 
h'ime See Retention Waveform 

tR Operation Recovery Time ~c'3) - - ns 

1. Vee=2V, TA =+2SoC 
2. Vee=3V 
3. tRe = Read Cycle Time 

Timing Waveform Low V cc Data Retention Waveform 

Vee--------~ +-- Data Retention Mode - _--------

4.SV' VOR~2V 4.SV 
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MOSEL-VITELIC MS62256H 

AC Test Conditions Key to Switching Waveforms 

Input Pulse Levels 

Input Rise and Fa" Times 

Timing Reference Level 

OVIo 3.0V 

3ns 
1.5V 

AC Test Loads and Waveforms 
48011 

WAVEFORM 

~ 
.Ill7 
m 
K 
48011 

5Vo----.....,.,....., 
OUTPUT o--"'T'"---t 

5Vo----....... ....., 
OUTPUT o---r---i 

30pF 255Q I INCLUDING 
~ ~o"t:,D ~ 

5pF 255Q I INCLUDING 
~ ~~~D ~ 

Figura'. FIgUl'8'b 

Equivalent to: THEVENIN EQUIVALENT 

16711 
OUTPUT 00---01 ... ""';'----00 I.73V 

ALL INPUT PULSES 

3.0V;fid~ 
GND 10% I 3n~ 3na 

figura 2 

INPUTS 

MUST BE 
STEADY 

MAY CHANGE 
FROMHTOL 

MAY CHANGE 
FROML TOH 

DON'T CARE: 
ANY CHANGE 
PERMITTED 

OOESNOT 
APPLY 

AC Electrical Characteristics {over the commercial operating range} 
Read Cycle 

Jedec MS62256H-15 MS62256H-20 MS62256H-25 
Parameter Parameter 

Name Name Parameter Min. Max. Min. Max. Min. Max. 

tAVAX tRC Read Cycle Time 15 - 20 - 25 -
tAVOV tu, Address Access Time - 15 - 20 - 25 
tFlOV tACS Chip Enable Access Time - 15 - 20 - 25 

"'lOX toF Output Enable to Output Valid - 8 - 10 - 12 

~H07 te.7 Chip Enable to Output Low Z 5 - 5 - 5 -

taLQX lou Output Enable to Output in Low Z 0 - 0 - 0 -

teHOZ IcHZ Chip Disable to Output in High Z - 8 - 8 - 10 

IcHOZ fot.tz Output Disable to Output in High Z - 8 - 8 - 10 
tAXOX IaH Output Hold from Address Change 3 - 5 - 5 -

5-20 

OUTPUTS 

WILL BE 
STEADY 

WILL BE 
CHANGING 
FROMHTOL 

WIUBE 
CHANGING 
FROML TOH 

CHANGING: 
STATE 
UNKNOWN 

CENTER 
LINE IS HIGH 
IMPEDANCE 
''OFP' STATE 

MS62256H-35 

Min. Max. Unit 

35 - ns 

- 35 ns 

- 35 ns 

- 15 ns 

5 - ns 

0 . - ns 

- 15 ns 

- 15 ns 
5 - ns 



MOSEL-VITELIC 

Switching Wavefonns (Read Cycle) 

READ CYCLE 1(1) 

ADDRESS 

DouT ----------------------------{ 

READ CYCLE 2(1,2,4) 

READ CYCLE 3(1,3,4) 

E ~.:~CS~ ~ j 
DOUT ---......;.-----

NOTES: 
1. iN is High for READ Cycle. 
2. Device is continuously selected E = V1L• 

3. Address valid prior to or coincident with E transition low. 
4. G =V1L• 

MS62256H 

5. Transition is measured ± 500mV from steady state with CL = 5pF as shown in Figure 1 b. This parameter is guaranteed and not 
100% tested. 

5-21 



MOSEL-vrrELIC 

AC Electrical Characteristics (over the commercial operating range) 

Write Cycle 

Jedec 
Parameter Parameter 

Name Name Parameter 

tAVAX twe Write Cycle Time 

t~lW~ lew Chip Enable to End of Write 

tAVWl tAS Address Set up TIme 

tAvw. tAW Address Valid to End of Write 

tWlWH \wP Write Pulse Width 

tWHAX tWR Write Recovery Time 

tWLOZ tWHZ Write to Output in High Z 

tOVWH low Data to Write Time Overlap 

tWHOX tOH Data Hold from Write TIme 

tGHOZ 10HZ Output Disable to Output In High Z 

tWHOX taw Output Active from End of Write 

Switching Waveforms (Write Cycle) 

WRITE CYCLE 1(1) 

ADDRESS 

lilt 

\\\ f'.\\\\\~5) 
r------1 tAs 

DOUT 

'k.\ \ \' 

~ ~tOHZ 
'\ '\ '\ -"'--,\ '" 
// / / 1\ 

tAW 

MS62256H-15 MS82256H-20 MS62256H-25 

Min. Max. Min. Max. Min. Max. 

15 - 20 - 25 -
10 - 15 - 20 -
0 - 0 - 0 -
10 - 15 - 20 -
12 - 12 - 15 -
0 - 0 - 0 -
0 10 0 10 0 13 
8 - 10 - 13 -
0 - 0 - 0 -
0 8 0 8 0 10 
3 - 3 - 3 -

twe 

-tWR(~ 

,\\\ 
tew 

(1111111 

t 
twp(2) 

MS62256H 

MS62256H-35 

Min. Max. Unit 

35 - ns 

25 - ns 

0 - ns 
25 - ns 

20 - ns 

0 - ns 

0 15 ns 

15 - ns 

0 - ns 

0 - ns 

0 - ns 

r--tow .1, tOH 

D,N---------~<l"'~-D-a-ta--,-n-va-li-d--l~x~x..¥x~ 
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MOSEL-VITELIC 

Switching Waveforms (Write Cycle) 

WRITE CYCLE 2(1,6) 
~-------------twc--------------~ 

----~ r-----------
ADDRESS 

______ -+ __ -,~~~~~----twp(~2)------~,~---------------
iN 

(8) 

j--tow tOH :j; 
DIN ---------<%oata-In Valid »OO()( 

NOTES: 
1. W must be high during address transitions. 

MS62256H 

2. The internal write time of the memory is defined by the overlap E active and W low. Both signals must be active to initiate and 
anyone signal can terminate a write by going inactive. The data input setup and hold timing should be referenced to the second 
transition edge of the signal that terminates the write. 

3. T WR is measured from the earlier of E or W going high at the end of write cycle. 
4. During this period, DO pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 
5. If the E low transition occurs simultaneously with the W low transitions or after the W low transition, outputs remain in a high 

impedance state. 
6. G is continuously low (G - VILl. 
7. DOUT is the same phase of write data of this write cycle. 
8. DQIIT is the read data of next address. 
9. If E is low during this period, DQ pins are in the output state. Then the data input signals of opposite phase to the outputs must 

not be applied to them. 
10. Transition is measured ±500mV from steady state with CL = 5pF as shown in Figure 1 b on page 4. This parameter is guaran

teed and not 100% tested. 
11. lew is measured from E going low to the end of write. 
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MOSEL-VITELIC MS62256H 

Ordering Information 
Speeds Ordering Part Number Package Temperature Range 

15 MS62256H-15NC 28 Pin Plastic 01 P - 300 mil O·Cto +70·C 

15 MS62256H-15RC 28 Pin Small Outline J Bend O·Cto +70·C 

20 MS62256H-20NC 28 Pin Plastic DIP - 300 mil O·C to +70·C 

20 MS62256H-20RC 28 Pin Small Outline J Bend O·C to +70·C 

25 MS62256H-25NC 28 Pin Plastic DIP - 300 mil O·C to +7O·C 

25 MS62256H-25RC 28 Pin Small OuUine J Bend O·Cto +70·C 

35 MS62256H-35NC 28 Pin Plastic DIP - 300 mil O·Cto +70·C 

35 MS62256H-35RC 28 Pin Small OuUine J Bend O·Cto +70·C 
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MOSEL-VITELIC MS621002 
256Kx4CMOS 
STAT/CRAM 

Features 
• Fast Access Times: 20/25/35 ns 
• High Density 40Q-Mil SOJ 
• Low Standby Power 
• TTL Compatible I/O 
• 5V ± 10% Supply 
• Fully Static Operation 
• Three State Output 
• JEDEC Standard Pinout 

Description 
The MS621002 is a high speed 1 M-bit static 

RAM organized as 256K x 4. Fully static in 
operation, the Chip Enable (E) reduces power to 
the chip when HIGH. Standby power drops to its 
lowest level (1581) when E is raised to within 0.2V of 
Vee· _ 

Write cycles occur when both Chip Enable (E) 
and Write Enable (W) are LOW. Data is transferred 
from the DQ pins to the memory location specified 
by the address lines. 

Read cycles occur when E is LOW and W is 
HIGH. 

High frequency design techniques should be 
employed to obtain optimum performance from this 
device. Solid, low impedance power and ground 
planes, with high frequency decoupling capacitors, 
are desirable. Series termination of the inputs 
should be considered when transmission line 
effects occur. 

Pin Configuration Functional Block Diagram 

Vcc 

A17 

A 16 

A 15 

A14 

A 13 DOo - D03 

A12 

All E 
NC 

W 
D03 

G 
D02 

DOl 

DOo 
W 

(MSB) AAo 

A9 
AB 
A7 
A2 
A3 
A4 

(LSB) A~ 
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MEMORY ARRAY 

32 BLOCKS 
512 ROWS 
16 COLUMNS 
4 BITS WIDE 

1/0 CIRCUIT 

A. As A" A'2 A,. A'3 A'4 A'5 A17 
(MSB) (LSB) (MSB) (LSB) 4 



MOSEL-VITELIC 

Pin Descriptions 

Ao - A17 Address Inputs 
These 18 address inputs select one of the 256K x 4 
bit segments in the RAM. 

E Chip Enable Input 
E is active LOW. The chip enable must be active to 
read from or write to the device. If it is not active, the 
device is deselected and is in a standby power 
mode. The DO pins will be in the high-impedance 
state when deselected. 

G Output Enable Input 
The output enable input is active LOW. If the output 
enable is active while the chip is selected and the 
write enable is inactive, data will be present on the 
DO pins and they will be enabled. The DO pins will 
be in the high impedance state when G is inactive. 

Truth Table 

Mode E G W I/O Operation 

Standby H X X HighZ 

Read L L H DOUT 

Read L H H HighZ 

Write L X L DIN 

Absolute Maximum Ratings (1) 

Parameter 

MS621 002 

W Write Enable Input 
The write enable input is active LOW and controls 
read and write operations. With the chip enabled, 
when W is HIGH and G is LOW, output data will be 
present at the DO pins; when W is LOW, the data 
present on the DO pins will be written into the 
selected memory locations. 

DQo - DQ3 Data Input and Data Output 
Ports 
These 4 bidirectional ports are used to read data 
from and write data into the RAM. 

Vee Power Supply 
Vss Ground 

Operating Range 

Range 

Commercial 

Ambient 
Temperature 

o·Cto +70·C 

Vee 
5V± 10% 

Name Parameter Rating Units 

Vee Supply Voltage -0.3 to 7 V 

VIN Input Voltage -0.3 to 7 V 

VDQ Input/Output Voltage Applied -0.3 to 6 V 

TBIAS Temperature Under Bias I Plastic -10 to +125 ·C 

TSTG Storage Temperature 1 Plastic -65 to + 150 ·C 

Po Power Dissipation 1.0 W 

lOUT D C Output Current ±40(2) mA 

See Notes following "SWITCHING CHARACTERISTICS", 
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MOSEL-VITELIC 
DC Electrical Characteristics (O°C to +70°C) 

Parameter 
Name Parameter 

Vcc Supply Voltage 

Vss Supply Voltage 

VIL Guaranteed Input LOW Voltage (3) 

VIH Guaranteed Input HIGH Voltage 

lecl Operating Current (4) 

lecl Operating Current (4) 

lecl Operating Current (4) 

ISBl Standby Current 

ISB2 Standby Current 

III Input Leakage Current 

ILO 1/0 Leakage Current 

VOH Output High Voltage 

VOL Output Low Voltage 

See Notes following "SWITCHING CHARACTERISTICS". 

Capacitancef1} T A = 25°C, f = 1.0MHz 

Test Conditions Min. 

4.5 

0 

-0.5 

2.2 

Output open, tc;VCLE = 20ns 

Output open, tc;VCLE = 25ns 

Output open, tc;VCLE = 35ns 

E ~ Vcc-0.2V 

E~VIH 

Vec = 5.5V, Vin = OV to VCC -2 

Vce = 5.5V, Vin = OV to VCC -10 

IOH = -4.0mA 2.4 

IOL= 8.0mA 

Parameter Name Parameter Conditions 

CIN Input Capacitance VIN =OV 

Coo 1/0 CapaCitance Voa=OV 

1. This parameter is guaranteed and not tested. 

Data Retention Characteristics (over the commercial operating range) 

Parameter 
Name Parameter Test Conditions Min. 

VOR V cc for Data Retention E~VcC""0.2V, G~Vcc-O.2V, 2.0 
VIN~Vcc-O.2V or VIN:5:0.2V 

IceoR Data Retention Current E~Vcc-0.2V, G~Vcc-O.2V, -
VIN~Vce-0.2V or VIN:5:0.2V 

leoR Chip Deselected to Data 0 

Retention Time See Retention Waveform 

tR Operation Recovery Time tRC(3) 

NOTES: 2. V cc = 3V 
1. Vcc =2V,T.=+25°C 3. t"c=ReadCycleTime 

Timing Waveform Low Vee Data Retention Waveform 

Data Retention Mode 

Vce 4.5V VOR~2V 
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MS621002 

Typ. Max. Unit 

5.5 V 

0 V 

0.8 V 

Vcc + 0.5 V 

130 rnA 

120 rnA 

100 rnA 

0.1 1 mA 

5 mA 

2 IIA 
10 IIA 

V 

0.4 V 

Max. Unit 

6 pF 

8 pF • 
Typ.l1) Max. Unit 

- 5.5 V 

- 500(2) IIA 

- - ns 

- - ns 



MOSEL-VITELIC MS621 002 

AC Electrical Character/sties (over the commercial operating range) (5) 

Parameter 

Name 

Read Cycle 

tRC 

tAA 

too 
teA 

tELZ 

tEHZ 

fGA 

fGLZ 

fGHZ 

tpu 

tpo 

Write Cycle 

twc 

tEW 

tAW 

tAS 

tAH 

twp 

tow 

tOH 

twHZ 

twLZ 

NOTES: 

Parameter 

Read Cycle Timing 

Address Access Time 

Output Hold from Address Change 

E Low to Valid Data 

E Low to Output Active (7). (8) 

E High to Output High-Z (7). (8) 

G Low to Valid Data 

G Low to Output Active (7). (8) 

G High to Output High-Z (7). (8) 

E Low to Power Up Time (8) 

E High to Power Down Time (8) 

Write Cycle Timing 

E Low to End of Write 

Address Valid to End of Write 

Address Setup 

Address Hold 

W Pulse Width 

Input Data Setup Time 

Input Data Hold Time 

W Low to Output High-Z (7). (8) 

W High to Output Active (7). (8) 

1. 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 sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods 
may affect reliability. and degrade performance characteristics. 

2. Output should not be shorted for more than 30 seconds. 

3. Negative undershoot of up to 3.0V is permitted once per cycle. 
4. Icc is dependent upon output loading and cycle rates. Specified 

values are with output open. operating at specified cycle times. 

-20 -25 -35 
Min. Max. Min. Max. Min. Max. Units 

20 25 35 ns 

20 25 35 ns 

3 3 3 ns 

20 25 35 ns 

3 3 3 ns 

10 12 20 ns 

8 10 20 ns 

0 0 0 ns 

8 10 20 ns 

0 0 0 ns 

20 25 35 ns 

20 25 35 ns 

15 20 30 ns 

15 20 30 ns 

0 0 0 ns 

0 0 0 ns 

15 20 25 ns 

12 15 15 ns 

0 0 0 ns 

8 10 15 ns 

3 3 3 ns 

5. Capacitances are maximum values at 25°C measured at 1.0 
MHz with V .... =OV and Vcc=5.0V. 
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6. Switching Characteristics measurements specified at "AC 
Test Conditions" levels. 

7. Active output to High-Z and High-Z to active output tests 
specified for a :l:200mV transition from steady levels into the 
test load. 

8. Sample tested only. 



MOSEL-VITELIC 

AC Test Conditions 
Input Pulse Levels 

Input Rise and Fall Times 

Input and Output Timing 
Reference Levels 

Output Load, Timing Tests 

ACTestLoad 
+5V 

4800 

DO Pins -----+---. 

2550 

Vss to 3V 

3ns 

1.5V 

See Figure Below 

CLoad = 30 pF* 

* Includes scope and jig capacitance 

MS621002 

Key to Switching Waveforms 

WAVEFORM INPUTS OUTPUTS 

MUST BE WILL BE 
STEADY STEADY 

~~ MAY CHANGE WILL BE 
FROM HTO L CHANGING 

FROM HTOL 

$/7 MAY CHANGE WILL BE 
FROML TOH CHANGING 

FROM L TOH 

XXXX DON'T CARE: CHANGING: 
ANY CHANGE STATE 
PERMITTED UNKNOWN 

CENTER 

22> ~ DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

"OFF" STATE 

Switching Waveforms- Read Cycle 
Read Cycle No.1 

Chip is in Read Mode: W is HIGH, and E and G are LOW. Read cycle timing is referenced from when all 
addresses are stable until the first address transition. Crosshatched portion of DQ implies that data lines are 
in Low-Z state and the data may not be valid. 

~ tRC % ___ ~ Valid Address 
~ tM :1 . tOH -, 

Previous Data XXXX>K====v=a=lid=D=a=ta====X::======= 

Address 

DO 

Read Cycle No.2 
Chip is in Read Mode: W is HIGH. Timing illustrated for the case when addresses are valid before E goes 

LOW. Data-out is not specified to be valid until tEA, but may become valid as soon as tELZ' Outputs will 
transition from High-Z to Valid Data-out. Data-out is valid after both tEA and '<>A are met. 

DO 

Supply Current 
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MOSEL-VITELIC MS621002 

Switching Waveform - Write Cycle 
Addresses must be stable during Write Cycles. E or W must be HIGH during address transitions. The 

outputs will remain in the High-Z state if W is LOW when E goes LOW. Care should be taken so that the 
output drivers are disabled prior to placing the Input Data on the DQ lines. This will prevent bus contention, 
reducing system noise. 
Write Cycle No.1 (W Controlled) 

Chip is selected: E and G are LOW. Using only W to control Write cycles may not offer the best device 
performance, since both tWHZ and tow timing specifications must be met. 

twc 

Address )1' Valid Address )1' 

~ tAH 
tAW 

tAS ----j 'WP 

w 

~ "" "'" /1' 

DO 

Data on 
DO lines 

Previous Output 

tWHZ 
~ 

, 
/ 

-tWLZ+ 

I+-tow-

tOH ----j 
//v Data-In Valid )1(' I' 
" 

High-Z 

Write Cycle No.2 (E Controlled) 
G is LOW. DQ lines may transition to Low-Z if the falling edge of W occurs after the falling edge of E. 

Address )K 

'\ 

tAS ...... 
w """" "-

DO 

Data on High-Z 
DO lines 

twe 

Valid Address )K 

, 

~"~r-.. 
tELZ - tWHZ 

I--
~ 
~ 

Output 
(If Any) 
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tEW 

/ 

twp tAH 

/1'//// 

I+--tow tOH 

//1/ Data-In Valid )K "'I'\. 
High-Z 



MOSEL-VITELIC MS621002 

Ordering Information 

SPEED ORDERING TEMPERATURE 
(ns) PART NUMBER PACKAGE REFERENCE NO. RANGE 

2D MS621 DD2-2DKC 28 Pin 400 mil SOJ D·Cta +7D·C 

25 MS621 DD2-25KC 28 Pin 400 mil SOJ D·Cta +7D·C 

35 MS621 DD2-35KC 28 Pin 400 mil SOJ D·Cta +7D·C 

• 
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MOSEL-VITELIC MS62100B 

Features 

12BKxB CMOS 
STAT/CRAM 

• Fast Access Times: 20/25/35 ns 
• High Density 40Q-Mil SOJ Package 
• Low Standby Power 
• TTL Compatible 1/0 
• 5V ± 10% Supply 
• Fully Static Operation 
• Three State Output 
• JEDEC Standard Pinout 

Pin Configuration 

NC vcc 
Ao A1S 

Al NC 

A2 W 

A3 A1S 

A4 A14 000 -007 

As A13 

As A12 E 
A7 G W 
As All 

G 
A9 E 

Ala D07 

000 OOs 

001 DOs 

D02 D04 

Vss D03 

Description 
The MS62100S is a high speed 1 M-bit static RAM 
organized as 12SK x S. Fully static in operation, the 
Chip Enable (E) control places the RAM in a low
power standby mode when inactive (HIGHh Standby 
power drops to its lowest level (lSB1) when E is raised 
to within 0.2V of Vcc. 

Write cycles occur when both Chip Enable (E) and 
Write Enable (W) are LOW. Data is transferred from 
the DO pins to the memory location specified by the 
address lines. The Output Enable Control (<3) can 
prevent bus contention. 

High frequency design techniques should be 
employed to obtain optimum performance from this 
device. Solid, low impedance power and ground 
planes, with high frequency decoupling capacitors, 
are desirable. Series termination ofthe inputs should 
be considered when transmission line effects occur. 
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Functional Block Diagram 

MEMORY ARRAY 

IS BLOCKS 
S12 ROWS 
IS COLUMNS 
8BITSWIOE 

UOCIRCUIT 

A6 As All A12 A 13 A14 A 15 A 16 
(MSB) (lSB) (MSB) (LSB) 8 



MOSEL-VITELIC 

Pin Descriptions 

Ao· A16 Address Inputs 
These 17 address inputs select one of the 128K x 8 
bit segments in the RAM. 

E Chip Enable Input 
E is active LOW. The chip enable must be active to 
read from or write to the device. If it is not active, the 
device is deselected and is in a standby power mode. 
The DO pins will be in the high-impedance state 
when deselected. 

G Output Enable Input 
The output enable input is active LOW. If the output 
enable is active while the chip is selected and the 
write enable is inactive, data will be present on the 
DO pins and they will be enabled. The DO pins will 
be in the high impedance state when G is inactive. 

Truth Table 

Mode E G W I/O Operation 

Standby H X X HighZ 

Read L L H DOUT 

Read L H H High Z 

Write L X L DIN 

Absolute Maximum Ratings (1) 

Parameter 
Name Parameter 

Vee Supply Voltage 

VIN Input Voltage 

Voa Input/Output Voltage Applied 

TSIAS Temperature Under Bias 

TSTG Storage Temperature 

PD Power Dissipation 

lOUT D C Output Current 

See Notes following "SWITCHING CHARACTERISTICS". 

MS621000 

W Write Enable Input 
The write enable input is active LOW and controls 
read and write operations. With the chip enabled, 
when W is HIGH and G is LOW, output data will be 
present at the DO pins; when W is LOW, the data 
present on the DO pins will be written into the 
selected memory locations. 

DQa· D~ Data Input and Data Output 
Ports 
These 8 bidirectional ports are used to read data 
from and write data into the RAM. 
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Vee Power Supply 

Vss Ground 

Operation Range 

Range 

Commercial 

I Plastic 

I Plastic 

Ambient 
Temperature 

O°Cto +70°C 

Rating 

-0.3 to 7 

-0.3 to 7 

-0.3 to 6 

-10 to + 125 

-65 to + 150 

1.0 

±40(2) 

Vce 

5V± 10% 

Units 

V 

V 

V 

°C 

°C 

W 

mA 

• 



MOSEL-VITELIC 

DC Electrical Characteristics (o·c to +70·C) 

Parameter 
Name Parameter 

Vcc Supply Voltage 

Vss Supply Voltage 

V1L Guaranteed Input LOW Voltage (3) 

V1H Guaranteed Input HIGH Voltage 

ICCI Operating Current (4) 

ICCI Operating Current (4) 

ICCI Operating Current (4) 

ISBI Standby Current 

ISB2 Standby Current 

III Input Leakage Current 

ILO I/O Leakage Current 

VOH Output High Voltage 

VOL Output Low Voltage 

See Notes following "SWITCHING CHARACTERISTICS". 

capacltancel1} T A = 2S·C, f = 1.0MHz 

Test Conditions 

Output open, tcVCLE = 20ns 

Output open, tcVCLE = 2Sns 

Output open, tcveLE = 3Sns 

E ~ Vcc-0.2V 

E~VIH 

Vin = OV to Vec 

Vin = OV to Vee 

IOH=-4·0mA 

IOL=8.0mA 

Min. 

4.S 

0 

-O.S 

2.2 

-2 

-10 

2.4 

Parameter Name Parameter Conditions 

C1N Input Capacitance V1N=OV 

Coo I/O Capacitance VOQ=OV 
1. ThiS parameter IS guaranteed and not tested. 

MS621008 

Typ. Max. Unit 

S.O S.S V 

0 0 V 

0.8 V 

Vcc + O.S V 

1S0 mA 

140 mA 

120 mA· 

0.1 2 mA 

10 mA 

2 J!A 
10 J!A 

V 

0.4 V 

Max. Unit 

6 pF 

8 pF 

Data Retention Characteristics (over the commercial operating range) 

Parameter 
Name Parameter Test Conditions Min. Typ.(1) Max. Unit 

VOR V cc for Data Retention E~Vcc-O.2V, G~Vee-0.2V, 2.0 - - V 
VIN~Vec-O.2V or V1NSO.2V 

leeoR Data Retention Current E~Vec-O·2V, G~Vec-O·2V, - - SOO(2) J!A 
VIN~Vec-0.2V or V1NSO.2V 

ICOR Chip Deselected to Data 0 - - ns 
Retention Time See Retention Waveform 

tR Operation Recovery Time tRe(3) - - ns 

NOTES: 2. Vcc=3V 
1. Vcc=2V, TA=+25°C 3. tAC = Read Cycle Time 

Timing Waveform Low Vcc Data Retention Waveform 

Data Retention Mode 

Vee VOR~2V 4.SV 
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MOSEL-VITELIC MS621 008 

AC Electrical Characteristics (over the commercial operating range) {6} 

Parameter 
Name 

Read Cycle 

tRc 

tAA 

toH 

tEA 

tELZ 

tEHZ 

~A 

~LZ 

~HZ 

tpu 

tpo 

Write Cycle 

twc 

tEW 

tAW 

tAs 

tAH 

twp 

tow 

tOH 

tWHZ 

twLZ 

NOTES: 

Parameter 

Read Cycle Timing 

Address Access Time 

Output Hold from Address Change 

E Low to Valid Data 

E Low to Output Active (7), (8) 

E High to Output High-Z (7), (8) 

G Low to Valid Data 

G Low to Output Active (7), (8) 

G High to Output High-Z (7), (8) 

E Low to Power Up Time (8) 

E High to Power Down Time (8) 

Write Cycle Timing 

E Low to End of Write 

Address Valid to End of Write 

Address Setup 

Address Hold 

W Pulse Width 

Input Data Setup Time 

Input Data Hold Time 

W Low to Output High-Z (7), (8) 

W High to Output Active (7), (8) 

1. 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 sections of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect reliability, and degrade performance characteristics. 

2. Output should not be shorted for more than 30 seconds. 
3. Negative undershoot of up to 3.0V is permitted once per 

cycle. 

·20 ·25 ·35 
Min. Max. Min. Max. Min. Max. Units 

20 25 35 ns 

20 25 35 ns 

3 3 3 ns 

20 25 35 ns 

3 3 3 ns 

10 12 20 ns 

8 10 20 ns 

0 0 0 ns 

8 10 20 ns 

0 0 0 ns 

20 25 35 ns 

20 25 35 ns 

15 20 30 ns 

15 20 30 ns 

0 0 0 ns 

0 0 0 ns 

15 20 25 ns 

12 15 15 ns 

0 0 0 ns 

8 10 15 ns 

3 3 3 ns 

4. Icc is dependent upon output loading and cycle rates. 
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Specified values are with output open, operating at 
specified cycle times. 

5. Capacitances are maximum values at 25DC measured at 
1.0 MHz with VBias=OV and Vcc=5.0V. 

6. Switching Characteristics measurements specified at "AC 
Test Conditions" levels. 

7. Active output to High-Z and High-Z to active output tests 
specified for a ±200mV transition from steady levels into 
the test load. 

8. Sample tested only. 



MOSEL-VITELIC MS621008 

AC Test Conditions Key to Switching Waveforms 
Input Pulse Levels Vssto 3V 

WAVEFORM INPUTS OUTPUTS 
Input Rise and Fall Times 3ns 

Input and Output Timing 1.5V 
MUST BE WILL BE 
STEADY STEADY 

Reference Levels 

Output Load, Timing Tests See Figure Below ~~ MAY CHANGE WILL BE 
FROM HTOL CHANGING 

FROMHTOL 
ACTestLoad 

+5V #//7 MAY CHANGE WILL BE 
FROM L TOH CHANGING 

4800 FROML TOH 

XXXX DON'T CARE: CHANGING: 
DO Pins ANY CHANGE STATE 

PERMITIED UNKNOWN 
2550 CLoad = 30 pF* CENTER 

22> ~ DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

- "OFF"STATE 
• Includes scope and jig capacitance 

Switching Waveforms· Read Cycle 
Read Cycle No.1 

Chip is in Read Mode: W is HIGH, and E and G are LOW. Read cycle timing is referenced from when all 
addresses are stable until the first address transition. Crosshatched portion of Data-out implies that data 
lines are in Low-Z state but the data is not guaranteed to be valid until tAA. 

Address -€'M;;- t~~ 
DO -p-r-fN-iO-Us-D-a-ta--.X,......,. .... X-,..,XX>K====v=al=id=D=at=a===X::====== 

Read Cycle No.2 
Chip is in Read Mode: W is HIGH. Timing illustrated for the case when addresses are valid before E goes 

LOW. Data-out is not specified to be valid until tEA or ~A' but may become valid as soon as tELZ or ~LZ. 
Outputs will transition directly from High-Z to Valid Data-out. Valid data will be present following ~A only if tEA 
timing is met. 

tRC 

tEA .... tpD-
.. tEHZ· 

"- / 

-tGA-
tGLZ - i-tGHZ--

i---tELZ-
DO 

/// 1/ Valid Data "-
"-"-"-"-

Supply Current J ~ 
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MOSEL-VITELIC AfS621 008 

Switching Waveforms - Write Cycle 
Addresses must be stable during Write Cycles. The outputs will remain in the High-Z state if W is LOW 

when E goes LOW. If G is HIGH, The outputs will remain in the High-Z state. Although these examples 
illustrate timing with G active, it is recommended that G be held HIGH for all Writes cycles. This will prevent 
the MS6200S's outputs from becoming active, preventing bus contention, thereby reducing system noise. 
Write Cycle No.1 (W Controlled) 

Chip is selected: E and G are LOW. Using only W to control Write cycles may not offer the best 
performance, since both tWHZ and tDW timing specifications must be met. 

twe 

Address 

twp 

Iii 

tow 

DO 

Data on Previous Output High-Z Low-Z 
DO lines 

W~e Cycle No.2 (E Controlled) _ _ 
G is LOW. DQ lines may transition to Low-Z if the falling edge of W occurs after the falling edge of E. 

Address 

w 

DO 

Data on 
DQlines 

~---------------twc--------------~ 

Valid Address 

~-------------tBN----------~ 

(4--------- twp --------..... .-.J 

Data-In Valid 

High-Z Low-Z High-Z 
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MOSEL-VITELIC MS62100B 

Ordering Information 

Speed Ordering Temperature 
(ns) Part Number Package Reference No. Range 

20 MS621008-20EC 32 pin 400 mil Plastic DIP O·Cto +70·C 

25 MS621oo8-25EC 32 pin 400 mil Plastic DIP O·Cto +70·C 

35 MS621oo8-35EC 32 pin 400 mil Plastic DIP O·Cto +70·C 

20 MS621008-20KC 32 Pin 400 mil SOJ O·Cto +70·C 

25 MS621008-25KC 32 Pin 400 mil SOJ O·Cto +70·C 

35 MS621008-35KC 32 Pin 400 mil SOJ O·C to +70·C 
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MOSEL-VITELIC MS6516 

Features 

2KxBCMOS 
STAT/CRAM 

• Available in 100ns (Max.) version 
• Automatic power-down when chip disabled 
• Low power consumption (L-version): 

MS6516L 
- 385mW (Max.) Operating 
- 11 mW (Max.) Standby 
- 5511W (Max.) Power-down 

• TTL compatible interface levels 
• Single 5V power supply 
• Fully static operation 
• Three state outputs 
• Chip enable for simple memory expansion 

Pin Configurations 

Al Vec 

A. A. 

A_ A. 

A. W 
A. G 
A, A,O 

A, E 
AO DOl 

DOo DO. 

DO, DO_ 

D02 DO. 

GND DO, 

Description 
The MS6516 is a high performance, low power 

CMOS static RAM organized as 2048 words by 8 
bits. The device supports easy memory expansion 
with an active LOW chip enable (E) as well as an 
active LOW output enable (<3) and three-state 
outputs. An automatic power-down feature is 
included which reduces the chip power by 85% in 
TTL standby mode, and by over 99% in full power
down mode. 

The device is manufactured in MOSEL
VITELIC's high performance CMOS process and 
operates from a single 5V power supply. All inputs 
and outputs are TTL compatible. Data is retained to 
as low as Vee = 2V. 

The MS6516 is available in the JEDEC standard 
24 pin 600 mil wide DIP and small outline package. 

Functional Block Diagram 

A. 
--aVec 

--aGND 
128 x 128 

Mem"'l'Array 

DOO 
CoJumnVO 

DOl 
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MOSEL-VITELIC 
Pin Descriptions 

Ao - All Address Inputs 
These 11 address inputs select one of the 2048 8-bit 
words in the RAM. 

E Chip Enable Input 
E is active LOW. The chip enable must be active to read 
from or write to the device. If it is not active, the device 
is deselected and is in a standby power mode. The DO 
pins will be in the high-impedance state when dese
lected. 

G Output Enable Input 
The output enable input is active LOW. If the output 
enable is active while the chip is selected and the write 
enable is inactive, data will be present on the DO pins 
and they will be enabled. The DO pins will be in the high 
impedance state when G is inactive. 

Truth Table 
Mode E G 

Standby H 

Read L 

Read L 

Write L 

Absolute Maximum Ratings (1) 

Symbol Parameter Rating Units 

Vcc Supply Voltage -0.3 to 7 

VIN Input Voltage -0.3 to 7 V 

VIIO Input/Output Voltage Applied -0.3 to Vcc 
+0.3 

TBlAS Temperature Under Plastic -10to +85 ·C 
Bias 

TSTG Storage Plastic -40 to ·C 
Temperature +125 

Po Power Dissipation 1.0 W 

lOUT DC Output Current 50 mA 

1. 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 sections of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect reliability. 

X 

L 

H 

X 
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Vi Write Enable Input 
The write enable input is active LOW and controls read 
and write 0.E,erations. With the chip enabled, when W is 
HIGH and G is LOW, output data will be present at the 
DO pins; when W is LOW, the data present on the DO 
pins will be written into the selected memory location. 

D~ - DO., Data Input/Output Ports 
These 8 bidirectional ports are used to read data from or 
write data into the RAM. 

v co Power Supply 

GND Ground 

W I/O Operation 

X HighZ 

H DOUT 

H HlghZ 

L DIN 

Operating Range 

Range 

Commercial 

Ambient 
Temperature 

O·Cto +70·C 5V±10% 



MOSEL-VITELIC MS6516 

DC Electrical Characteristics (over the commercial operating range) 

Parameter MS6516L 
Name Parameter Test Conditions Min. Typ.(1) Max. Units 

VIL Guaranteed Input Low Voltage(2) -0.3 - +0.8 V 
VIH Guaranteed Input High Voltagei2) 2.2 - Vee+ V 

0.3 

IlL Input leakage Current Vee= Max, V IN = OV to Vee - - 10 J.tA 
IOL Output Leakage Current Vee= Max, E = VIH, or G = VIH ,V IN = OV - - 10 IlA 

tOVee 

VOL Output low Voltage Vee = Min,IoL = 4mA - 0.21 0.4 V 
VOH Output High Voltage Vee = Min, ioH = -1.0mA 2.4 3.5 - V 

Icc Operating Power Supply Current Vee = Max, E = VIL, 1"0 = OmA, Fm .P) - 40 70 rnA 

IcesB Standby Power Supply Current Vee = Max, E = VIH, 1110 = OmA - 0.5 2 rnA 

lecsB1 Power Down Power Supply Current Vee = Max, E~ Vee - 0.2V, G~ Vee - 0.2V - 1 10 I!A 
VIN ~ Vee - 0.2V or V IN S 0.2V 

1. Typical characteristics are at V CC = 5V, T A = 25°C. 
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. FMAX = 1/~e. 

Capacitance1j (TA = 25°C, f = 1.0MHz) 

Symbol Parameter Conditions Max. Unit 

C IN Input Capacitance VIN = OV 8 pF 

Coo 
Input/Output 

VIIo = OV 10 pF Capacitance 

1. This parameter is guaranteed and not tested. 

Data Retention Characteristics (over the commercial operating range) 

Symbol Parameter Test Conditions Min. Typ.12l Max(3) UnHs 

VOR V cc for Data Retention E=Vee 2.0 - - V 

leeoR Data Retention Current VIN = OVor Vee - 2 10 J.tA 
IeOR Chip Deselect to Data Retention Time Vee=2.0V, E=Vee 0 - - ns 

tR Operation Recovery Time VIN = OV or Vee tRe (2) - - ns 

1. Vee = 2V, TA = +25°C 
2. tRe = Read Cycle Time 

Timing Waveform Low Vee Data Retention Waveform 

Vee _________ ""' +- Data Retention Mode - _--------
4.5V' 4.5V 
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MS6516 MOSEL-VITELIC 
AC Test Conditions Key to Switching Waveforms 

Input Pulse Levels 

Input Rise and Fall Times 

Input and Output 
Timing Reference Level 

OVIo 3.0V 

5ns 

1.5V 

WAVEFORM 

~ 
/Zl7 
ZZX 
K 

AC Test Loads and Waveforms 

9900 9900 
5V 0-----""".., 

OOTruTo----r------; 

5V 0-----""".., 
OUTPUT O----r------; 

100pF 660U I INCLUDING 
_ JIG AND _ 
- SCOPE -

5pF 6600 I INCLUDING 

,,~&~ " 
Figure 18 Figurelb 

Equivalent to: 
THEVENIN EQUIVALENT 

3960 
OUTPUT O-----~.M..,.;O-· -----<0 2V 

ALL INPUT PULSES 

3.0V~ 
GND 10% 10% 

5ns I- 5ns 

Figure 2 

AC Electrical Characteristics (over the commercial operating range) 

Read Cycle 

Jedec 
Parameter Parameter 

Name Name Parameter 
IAVAX ~c Read Cycle Time 

IAVOV 1M Address Access Time 

IeLOV lACS Chip Enable Access Time 

~LOV toE Output Enable 10 Output Valid 

IeLOX leu Chip Enable to Output Low Z 

~LQX ru Output Enable 10 Output in Low Z 
IEHOZ leHZ Chip Disable 10 Output in High Z 

~Haz 10Hz Oulput Disable 10 Output in High Z 
IAXOX IoH Output Hold from Address Change 

6-4 

INPUTS OUTPUTS 

MUST BE WILL BE 
STEADY STEADY 

MAY CHANGE WILL BE 
FROMHTOL CHANGING 

FROMHTOL 

MAY CHANGE WILL BE 
FROML TOH CHANGING 

FROML TOH 

DON'T CARE: CHANGING: 
ANY CHANGE STATE 
PERMITTED UNKNOWN 

CENTER 
DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

''OFP' STATE 

-10 
Min. Max. Unit 

100 - ns 

- 100 ns 

- 100 ns 

- 50 ns 

5 - ns 

5 - ns 

0 40 ns 

0 35 ns 

5 - ns 





MOSEL-VITELIC 
AC Electrical Characteristics {over the commercial operating range} 

Write Cycle 
Jedec 

Parameter Parameter 
Name Name Parameter 
tAVAX twe Write Cycle Time 
tELWH lew Chip Enable to End of Write 
tAVWL tAS Address Set up Time 
tAVWH tAW Address Valid to End of Write 
tWLWH twp Write Pulse Width 

tWHAX tWR Write Recovery Time 

tWLQZ tWHZ Write to Output in High Z 

tOVWH tow Data Valid to End of Write 
tWHOX tOH Data Hold from Write Time 

laHZO 10Hz Output Disable to Output in High Z 

tWHOX low Output Active from End of Write 

Switching Wavefonns (Write Cycle) 

WRITE CYCLE 1 (1) 

twe 

ADDRESS 

III 

\\\' ~\ \\ \ \'t5
) 

r------J tAS 
tAW 

DOUT 

'\.\\\' 
~ ~tOHZ 

"\"\"\'\ '\ '\'\" 
/ / / / / /I 

tew 

t (2) 
WP 

Min. 

100 
55 
0 
80 
50 
0 

-
30 

0 
0 
0 

~ 

~tWR(~ 

~\\\ 

fllllilL 

r---tow .. I,. tOH 

D,N-----q:~ ___ --'l~x~x~x 
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-10 
Max. Unit 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

35 ns 

- ns 

- ns 

35 ns 

- ns 



MOSEL-VITELIC 
Switching Wavefonns (Write Cycle) 

WRITE CYCLE 2(1,61 

~--------------twc--------------~ --.... ,------
ADDRESS 

r--tow 

DIN -------------<¢ ........ _______ 1If",,*",,*~~'-

NOTES: 
1. W must be high during address transitions. 

MS6516 

2. The internal write time of the memory is defined by the overlap E active and W low. Both signals must be active to initiate and 
anyone signal can terminate a write by going inactive. The data input setup and hold timing should be referenced to the second 
transition edge of the signal that terminates the write. 

3. T WR is measured from the earlier of E or W going high at the end of write cycle. 
4. During this period, DO pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 
5. If the E low transition occurs simuHaneously with the W low transitions or after the W low transition, outputs remain in a high 

impedance state. 
6. G is continuously low (G = Vld. 
7. DOUT is the same phase of write data of this write cycle. 
8. DQ.UT is the read data of next address. 
9. If E is low during this period, DO pins are in the output state. Then the data input signals of opposite phase to the outputs must 

not be applied to them. 
10. Transition is measured ±500mV from steady state with CL = 5pF as shown in Figure 1 b. This parameter is guaranteed and not 

100% tested. 
11. lew is measured from E going low to the end of write. 

Ordering Information 

Speed Ordering Temperature 

INs) Part Number Packaae Reference No. Ranae 

100 MS6516L·10PC 24 Pin 600 mil Plastic DIP O·Cto +70·C 

100 MS6516L·10SC 24 Pin 300 mil Small Outline O·Cto +70·C 

6-7 
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MOSEL-VITELIC MS6264 
BK x B CMOS STATIC RAM 

Features 
• Available in 70/100 ns (Max.) 
• Automatic power-down when chip disabled 
• Lower power consumption: 

MS6264L 
- 467.5mW (Max.) Operating 
- 16.5mW (Max.) Standby 
- 500~W (Max.) Standby 

• TTL compatible interface levels 
• Single 5V power supply 
• Fully static operation 
• Three state outputs 
• Two chip enable {El and E2) for simple 

memory expansion 
• Data retention as low as 2V 

Pin Configuration 

NC Vee 

A,. Vi 

A7 E. (CS.) 

A. A. 

A. Ag 

A. An 

A. G(OE) 

A. A,. 

A, E,(CS,) 

A. 007 

00. 00. 

00, 00. 

00. DO. 

GND 00. 

An 

6-8 

Description 
The MS6264 is a high performance, low power 

CMOS static RAM organized as 8192 words by 8 
bits. The device supports easy memory expansion 
with both an active LOW chip enable (El ) and an 
active High chip enab~ (E2), as well as an active 
LOW output enable (G) and tri-state outputs. An 
automatic power-down feature is included which 
reduces the chip power by 80% in TTL standby 
mode, and by over 95% in full power-down mode. 

The device is manufactured in MOSEL
VITELIC's high performance CMOS process and 
operates from a single 5V power supply. All inputs 
and outputs are TTL compatible. Data is retained to 
as low as Vee = 2V. 

The MS6264 is packaged in the JEDEC standard 
28 pin 600 mil wide DIP and 330 mil wide SOG. 

Functional Block Diagram 

256 .256 
Memory Array 

--0 Vee 

--oGND 



MOSEL-VITELIC 

Pin Descriptions 

Ao - A12 Address Inputs 
These 13 address inputs select one of the 8192 

8-bit words in the RAM. 

E1 Chip Enable 1 Input 
E2 Chip Enable 2 Input 

c1 is active LOW and E2 is active HIGH. Both 
chip enables must be active to read from or write to 
the device. If either chip enable is not active, the 
device is deselected and is in a standby power 
mode. The DO pins will be in the high-impedance 
state when the device is deselected. 

G Output Enable Input 
The output enable input is active LOW. If the 

output enable is active while the chip is selected 
and the write enable is inactive, data will be present 
on the DO pins and they will be enabled. The DO 

Truth Table 

MODE W E1 Ez 
Not Selected X H X 

(Power Down) X X L 

Output Disabled H L H 

Read H L H 

Write L L H 

Absolute Maximum Ratings (1) 

SYMBOL PARAMETER RATING UNITS 

VTERM Terminal Voltage with -0.3 to +7.0 V 

Resoect to GND 

TBIAS Temperature Under Bias -10 to +125 ·C 

TSTG Storage Temperature -40 to +150 ·C 

PT Power Dissipation 1.0 W 

lOUT DC Output Current 20 rnA 

1. 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 sections of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect reliability. 

6-9 

MS6264 

pins will be in the high impedance state when G is 
inactive. 

W Write Enable Input 
The write enable input is active LOW and controls 

read and write operations. With the chip selected, 
when W is HIGH and G is LOW, output data will be 
present at the DO pins; when W is LOW, the data 
present on the DO pins will be written into the 
selected memory location. 

DOo - D~ Data Input/Output Ports 
These 8 bidirectional ports are used to read data 

from or write data into the RAM. 

Vcc Power Supply 

GND Ground 

G I/O OPERATION VccCURRENT 

X HighZ IccsB• ICCSBl 

X HighZ leesB' I eesBl 

H HighZ Icc 

L DOUT Icc 

X DIN bc. 

Operating Range 

RANGE 
AMBIENT 

TEMPERATURE 

Commercial o·C to +70·C 5V±100/0 

Capacitance (1) (T A = 25·C, f = 1.0MHz) 

SYMBOL PARAMETER CONDITIONS MAX. UNIT 

C IN Input Capacitance VIN=OV 6 pF 

Coo 
Input/Output 

Vvo= OV 8 pF CapaCitance 

1. This parameter is guaranteed and not tested. 



MOSEL-VITELIC MS6264 

DC Electrical Characteristics (over the operating range) 

PARAMETER MS6264l 
NAME PARAMETER TEST CONDITIONS MIN. TYp,(1) MAX. UNITS 

Vil Guaranteed Input Low Voltage(2) -0.3 - +0.8 V 

VIH Guaranteed Input High Voltagel2) 2.2 - 6.0 V 

III Input Leakage Current V== Max. V'N= OVtoV"" -2 - 2 I1A 
10L Output Leakage Current Vee· Max. E, = VIH• or G! = VIL• or G = VIH• -2 - 2 !1A 

VIN = OVto Vee 

VOL Output Low Voltage Vee = Min.IoL = 2.1mA - - 0.4 V 

VOH Output High Voltage Vee. Min. ioH = -1 rnA 2.4 - - V 

lee Operating Power Supply Current Vee= Max. E, = V IL. E2= VIH.loo = OmA. - 45 85 rnA 
F = Fmax(3) 

1r.r_qR Standby Power Supply Current V= = Max. E, = V,". or E. = VII.lno = OmA - - 3 rnA 
IcesB, Power Down Power Supply Current Vee = Max. E, <: Vee - 0.2V. E2 S 0.2V - .01 0.1 rnA 

V~ > 'tee - 0.2V or V IN< 0.2V 

1. Typical characteristics are at Vcc - 5V. TA • 25°C. 
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. FMAJ( = 1/tRC. 

Data Retention Characteristics (T A = 0 to +70°C) 

SYMBOL PARAMETER TEST CONDITIONS MIN. T'tPI1) MAX UNITS 

VOR V Ce for Data Retention ~ <: Vee - 0.2V. E2 S 0.2V. 2.0 - - V 
V'N<: Vcc-O.2Vor VIN S 0.2V 

leeOR Data Retention Current E, <: Vee - 0.2V. G! S 0.2V. - 2 50 !1A 
VIN <: Vee - 0.2V or V IN S 0.2V 

IeOR Chip Deselect to Data Retention Time 0 - - ns 
See Retention Waveform 

~ Operation Recovery Time tRc'2) - - ns 

1. Vee = 2V. TA = +25°C 
2. tRC = Read Cycle Time 

Low Vee Data Retention Waveform (1) (Ef Controlled) 

Vee--------,i+- Data Retention Mode - _--------
4.5V VOR ~ 2V '4.5V 

Low Vee Data Retention Waveform (2) (E2 Controlled) 

Vee Data Retention Mode 

VOR~2V 
tR 

E2 
VIL VIL 

E2:$ Vee - 0.2V 
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MOSEL-VITELIC MS6264 

AC Test Conditions Key to Switching Waveforms 

Input Pulse Levels 

Input Rise and Fall Times 

Input and Output Timing 

Reference Level 

OVtD3,OV 

3ns 

1.5V 

AC Test Loads and Waveforms 

RllBOOIl 
5V 0-----.tW'-, 

OUTPUT o----r----i 
R2 

RllBOOIl 
5V 0-----.tW'-, 

OUTPUT o----r----i 
R2 

l00pF 99011 I INCLUDING 
5pF 99011 I INCLUDING 

.". t!&fp~D .". - JIG AND _ 
- SCOPE -

figure 1. Figurelb 

Equivalent to: THEVENIN EQUIVALENT 

63911 
OUTPUT 0--_.111 .. ·..,." __ 0 1.BV 

ALL INPUT PULSES 

3'OV~% 
GND 10% 10% 

3ns I-- 3ns 

Figure 2 

AC Electrical Characteristics (over the operating range) 
READ CYCLE 

JEDEC 

WAVEFORM INPUTS OUTPUTS 

MUST BE WILL BE 
STEADY STEADY 

~ 
MAY CHANGE WILL BE 
FROMHTOl CHANGING 

FROMHTOL 

.Ill7 MAY CHANGE WILL BE 
FROML TOH CHANGING 

FROML TOH 

m DON'T CARE: CHANGING: 
ANY CHANGE STATE 
PERMITTED UNKNOWN 

K 
CENTER 

DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

''OFP' STATE 

PARAMETER PARAMETER MS6264L-70 MS6264L-10 
NAME NAME PARAMETER 

tAVAX tRC Read Cycle Time 

tAVOV tM Address Access Time 

IelLOV tACS1 Chip Select Acoess Time 

1e2HOv tACS2 Chip Select Access Time 

~LOV IoE Output Enable to Output Valid 

IelLOX IcLZl Chip Select to Output Low Z 

tE2HOX 1clZ2 Chip Select to to Output Low Z 

~LOX IoLZ Output Enable to Output in Low Z 

IelHOZ IcHZl Chip Deselect to Output in High Z 

tE2HOZ IcHZ2 Chip Deselect to Output in High Z 

~HOZ 10HZ Output Disable to Output in High Z 
tAXOX IoH Output Hold from Address Change 

Switching Waveforms (Read Cycle) 
READ CYCLE 1(1,2,4) 

MIN. TYP. MAX. 

70 - -
- - 70 

(E;) - - 70 

(E2) - - 70 

- . 35 

(E1) 5 - -
(E~ 5 - -

5 - -

(E) 0 - 35 

(EJ 0 - 35 

0 - 30 

5 - -

ADDRESS _______________ _ 

MIN. TYP. MAX. 

100 - -
- - 100 

- - 100 

- - 100 

- - 50 

5 - -
5 - -
5 - -
0 - 35 

0 - 35 

0 - 35 

5 - -

=i----------------tRC----------------t; 

II--: -----,--tOH-tM-%xxx-' ----+l*'~x 
DoUT 
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ns 
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ns 

ns 
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MOSEL-VITELIC MS6264 

READ CYCLE 2(1,3,4) 

E,m mzvZZl 
L-tAcs'------1 t 

E2zzt;t (5t)~ACS2 ill\\\\\\ 
... _________________ ~ __ ~tc~H~i_5)j_ 

CLZ I 
Dour ----...;..------

READ CYCLE 3 

~----------------tRC----------------~ 

ADDRESS 

Dour ---------------------------< 

Notes: 
1. Vii is high for READ Cycle. 
2. Device is continuously selected E, = V1l and E2 = V1H • 

3. Address valid prior to or coincident with E, transHion low and/or E2 transition high. 
4. G=V1l• 

5. TransHion is measured ± 500mV from steady state with Cl = 5pF as shown in Figure 1 b. This parameter is guaranteed but not 
100% tested. 
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MOSEL-VITELIC 

AC Electrical Characteristics (over the operating range) 

WRITE CYCLE 

JEDEC 
PARAMETER PARAMETER 

MS6264 

MS6264L-70 MS6264L-10 
NAME NAME PARAMETER MIN. TYP. MAX. MIN. TYP. MAX. UNIT 

tAVAX twe Write Cycle Time 

tEILWH lew Chip Select to End of Write 

tAVWL tAS Address Set up Time 

tAVWH tAW Address Valid to End of Write 

tWLWH twp Write Pulse Width 

tWHAX tWR1 Write Recovery Time 

tE2LAX tWR2 Write Recovery Time 

tWLQZ tWHZ Write to Output in High Z 

tOVWH tow Data to Write Time Overlap 

tWHOX tOH Data Hold from Write Time 

taHOZ 10HZ Output Disable to Output in High Z 

tWHOX low End of Write to Output Active 

Switching Waveforms (Write Cycle) 

WRITE CYCLE 1(1) 

ADDRESS ~ 

III 

E, \\\' ,,\ \ \ \ \1:5
) 

III 1IIIIIl 
-+---1 tAS 

1\\\' 

~ -tOHZ 

" " 'II ///////////1 

W 

Dour 

tAW 

E, .W 

~ 

twe 

tew 11 

t (11) 
cw 

t (2) - WP 

70 - - 100 - -
60 - - 80 - -
a - - a - -

65 - - 80 - -
40 - - 60 - -
5 - - 5 - -
5 - - 5 - -

a - 30 - - 35 
30 - - 40 - -
a - - a - -
a - 30 a - 35 

5 - - 5 - -

~ 

I--tWR1@l.. 

~\\\ 

~/II/ 1III 

\,,\ \ \\ ,\\\ 
tWR2(~ 

~ 

t---tow .. I .. tOH 

---------~~------l~x~x~x 
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MOSEL-VITELIC MS6264 

WRITE CYCLE 2(1,6) 

twc 

ADDRESS 

tew 
(11) 

E1 

E2 

tew 
(11) 

tAW 
tWp (2) 

W 
tWHZ (4.10) 

DOUT 

DIN ( Et~ 

Notes: 
1. Vii must be high during address transitions. 
2. The internal write time of the memory is defined by the overlap of E1 and E2 active and Vii low. All signals must be active to 

initiate a write and anyone signal can terminate a write by going inactive. The data input setup and hold timing should be 
referenced to the second transition edge of the signal that terminates the write. 

3. T WR is measured from the earlier of E1 or Vii going high or E2 going low at the end of write cycle. 
4. During this period, DO pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 
5. If the E1 low transition or the E2 high transition occurs simultaneously with the Vii low transitions or after the Vii transition, outputs 

remain in a high impedance state. 
6. G is continuously low (G = VILl. 
7. DOUT is the same phase of write data of this write cycle. 
8. DQ1JT is the read data of next address. 
9. If E1 is low and E2 is high during this period, DO pins are in the output state. Then the data input signals of opposite phase to the 

outputs must not be applied to them. 
10. Transition is measured t500mV from steady state with CL = 5pF as shown in Figure 1 b. This parameter is guaranteed but not 

100% tested. 
11. lew is measured from the later of E1 going low or E2 going high to the end of write. 

Ordering Information 

SPEED ORDERING TEMPERATURE 
(ns) PART NUMBER PACKAGE REFERENCE NO. RANGE 
70 MS6264L-70PC 28 pin 600 mil Plastic DIP O°Cto +70°C 

70 MS6264L-70FC 28 pin 330 mil Small Outline O°C to +70°C 

100 MS6264L-l0PC 28 pin 600 mil Plastic DIP O°C to +70°C 

100 MS6264L-l0FC 28 pin 300 mil Small OuUine O°C to +70°C 
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MOSEL-VITELIC MS6264N 
BK x B CMOS STATIC RAM 
WITH 3.3V OPERATIONS 

Features 
• Available in 100 ns (Max.) 
• Automatic power-down when chip disabled 
• Lower power consumption: 

MS6264NL 
- 165mW (Max.) Operating 
- 30~W (Max.) Standby 

• TTL compatible interface levels 
• Single 3.3V power supply 
• Fully static operation 
• Three state outputs 
• Two chip enable (E1 and E2) for simple 

memory expansion 
• Data retention as low as 2V 

Pin Configuration 

NC Vee 

A12 W 

A, E2 (CS2) 

As As 

As A9 

A4 Al1 

A, G(OE) 

A2 AlO 

A, E, (CS,) 

Ao DO, 

DOo DO. 

DO, DOs 

D02 D04 

GND DO, 

DO, 

Description 
The MS6264N is a high performance, low power 

CMOS static RAM organized as 8192 words by 8 
bits. The device supports easy memory~xpansion 
with both an active LOW chip enable (E1) and an 
active High chip enable (E2) , as well as an active 
LOW output enable (G) and tri-state outputs. An 
automatic power-down feature is included which 
reduces the chip power by 80% in TTL standby 
mode, and by over 95% in full power-down mode. 

The device is manufactured in MOSEL
VITELIC's high performance CMOS process and 
operates from a single 5V power supply. All inputs 
and outputs are TTL compatible. Data is retained to 
as low as Vee = 2V. 

The MS6264N is packaged in the JEDEC 
standard 28 pin 600 mil wide DIP and 330 mil wide 
SOG. 

Functional Block Diagram 

256 x 256 
Memory Array 

---avec 

---aGND 

E2~t=;==========:::::::::::::::~ 
E, 
G 
W~'-__ --' 

6-15 



MOSEL-VITELIC 

Pin Descriptions 

Ao - A12 Address Inputs 
These 13 address inputs select one of the 8192 

8-bit words in the RAM. 

E1 Chip Enable 1 Input 
E2 Chip Enable 2 Input 

E1 is active LOW and E2 is active HIGH. Both 
chip enables must be active to read from or write to 
the device. If either chip enable is not active, the 
device is deselected and is in a standby power 
mode. The DQ pins will be in the high-impedance 
state when the device is deselected. 

G Output Enable Input 
The output enable input is active LOW. If the 

output enable is active while the chip is selected 
and the write enable is inactive, data will be present 
on the DQ pins and they will be enabled. The DQ 

Truth Table 

MODE W E1 Et 
Not Selected X H X 

(Power Down) X X L 

Output Disabled H L H 

Read H L H 

Write L L H 

Absolute Maximum Ratings (1) 

SYMBOL PARAMETER RATING UNITS 

VTERM Terminal Vottage with -0.3 to +3.6 V 
Respect to GND 

TBIAS Temperature Under Bias -10 to +125 ·C 

TSTG Storage Temperature -60 to +150 ·C 

PT Power Dissipation 0.6 W 

louT DC Output Current 8 rnA 

1. 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 sections of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect reliability. 

MS6264N 

pins will be in the high impedance state when G is 
inactive. 

W Write Enable Input 
The write enable input is active LOW and controls 

read and write operations. With the chip selected, 
when W is HIGH and G is LOW, output data will be 
present at the DQ pins; when W is LOW, the data 
present on the DQ pins will be written into the 
selected memory location. 

DQo - DQ7 Data Input/Output Ports 
These 8 bidirectional ports are used to read data 

from or write data into the RAM. 

Vcc Power Supply 

GND Ground 

G 1/0 OPERATION VccCURRENT 

X HighZ ICCSB' ICCSB1 

X HighZ ICCSB' I CCSB1 

H HighZ Icc 

L DOUT Icc 

X DIN bc 

Operating Range 

RANGE 
AMBIENT 

TEMPERATURE vee 
Commercial o·Cto +70·C 3.3V ± 10% 

Capacitance (1) (T A = 25°C, f = 1.0MHz) 

SYMBOL PARAMETER CONDITIONS MAX. UNIT 

C IN Input Capacitance VIN=OV 6 pF 

Coo 
Input/Output 

Voo=OV 8 pF CapacHance 

1. This parameter is guaranteed and not tested. 

6-16 



MOSEL-VITELIC MS6264N 

DC Electrical Characteristics (over the operating range) 

PARAMETER MS6264NL 

NAME PARAMETER TEST CONDITIONS MIN. TYP.(1) MAX. UNITS 

VI Guaranteed Input Low Voltage(2) -0.3 - +0.3 V 

VIH Guaranteed Input High VoltagE#2) 2.0 2.5 3.3 V 

IlL Input Leakage Current Vcr;= Max, V-"" = OV to ~e - - 2 llA 

10l Output Leakage Current Vee= Max, El = VIH, or ~ = Vll, or G = V IH' - - 2 llA 

VIN=OVtoVee 

VOL Output Low Voltage Vee = Min, 10 = 1mA - - 0.4 V 

VOH Output High Voltage Vee = Min, IoH = -O.5mA 2.4 - - V 

Icc Operating Power Supply Current Vee= Max, El = V Il' E2 = VIH, IDQ = OmA, - 45 50 rnA 

F=Fmax (3) 

lecss Standby Power Supply Current Vee = Max, El = V I ,or E2 = V IL, I DQ = OmA - - 2 rnA 

leesBI Power Down Power Supply Current Vee = Max, El ~ Vee - 0.2V, E2 :S 0.2V - .01 0.1 rnA 

V ,N > Vel'. - 0.2V or V IN < 0.2V 

1. Typical characteristics are at Vee = 5V. TA = 25°C. 
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. FMAJ( = 11tRe. 

Data Retention Characteristics (T A = 0 to +70°C) 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP.(1) MAX. UNITS 

VDR Vee for Data Retention El ~ Vee - 0.2V. E2 :S 0.2V. 2.0 - - V 
V,N ~ Vee - 0.2Vor VIN:S 0.2V 

ICCOR Data Retention Current E1 ~ Vee - 0.2V. ~:s 0.2V. - 2 50 11A 
VIN ~ Vee - 0.2V or V IN:S 0.2V 

!cDR Chip Deselect to Data Retention Time 0 - - ns 
See Retention Waveform 

tR Operation Recovery Time tRC(2) - - ns • 1. Vee=2V. TA =+25°C 
2. tRe = Read Cycle Time 

Low Vcc Data Retention Waveform (1) (E1 Controlled) 

Vcc ________ ---". +- Data Retention Mode --- ,-_______ _ 

4.5V' 4.5V 

Low Vee Data Retention Waveform (2) (E2 Controlled) 

Vcc Data Retention Mode 

teoR 
VOR~2V 

tR 
E2 

Vil VIL 

E2:5 Vee - 0.2V 
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MOSEL-VITELIC MS6264N 

AC Test Conditions Key to Switching Waveforms 

I nput Pulse Levels 

Input Rise and Fall Times 

Input and Output Timing 
Reference Level 

OVto3.0V 

5ns 

1,5V 

AC Test Loads and Waveforms 
R12,51<11 

3.3V 0-----"""'...., 
OUTPUT O---t-----t 

R2 

R12.51<11 
5Vo-----"""'...., 

OUTPUT O---t-----t 
R2 

I l00pF 2.81<11 5pF 2.81<11 I INCLUDING INCLUDING 
- JIG AND - ~ ~&::,p~D ~ - SCOPE -

Figure 1. Figurelb 

Equivalent to: 
THEVENIN EQUIVALENT 

1333.31) 
OUTPUT OO--..,,'''''I'.i'-' --.()O 1.73V 

ALL INPUT PULSES 

3.0V~ 
GND 10% 10% 

5ns I- 5ns 

Figure 2 

AC Electrical Characteristics (over the operating range) 
READ CYCLE 

JEDEC 
PARAMETER PARAMETER 

WAVEFORM INPUTS OUTPUTS 

MUST BE WILL BE 
STEADY STEADY 

~ 
MAY CHANGE WILL BE 
FROM HTO L CHANGING 

FROMHTOL 

/ll7 MAY CHANGE WILL BE 
FROML TOH CHANGING 

FROML TOH 

m DON'T CARE: CHANGING: 
ANY CHANGE STATE 
PERMITTED UNKNOWN 

CENTER 

K DOES NOT UNE IS HIGH 
APPLY IMPEDANCE 

''()FP'STATE 

MS6264NL-10 
NAME NAME PARAMETER MIN. TYP. MAX. UNIT 
tAvAX tRC Read Cycle Time 
tAvOV tAA Address Access Time 

telLOv tACS1 Chip Select Access Time 

le2HOV tACS2 Chip Select Access Time 

~LOV toE Output Enable to Output Valid 

tel LOX tcLZl Chip Select to Output Low Z 

le2Hox tcLZ2 Chip Select to to Output Low Z 

~LOX toLZ Output Enable to Output in Low Z 

telHOZ tcHZl Chip Deselect to Output in High Z 

tE2HOZ tcHZ2 Chip Deselect to Output in High Z 

~Haz toHZ Output Disable to Output in High Z 
tAXox toH Output Hold from Address Change 

Switching Waveforms (Read Cycle) 
READ CYCLE 1(1,2,4) 

100 

-
(6,) -
(E2) -

-
(E) 5 

(E~ 5 

5 

(E1) 0 

(E~ 0 

0 

5 

ADDRESS '--______________ --' 

- -
- 100 

- 100 

- 100 

- 50 

- -
- -
- -
- 35 

- 35 

- 35 

- -

~
----------tRC----------------~t; 

I~: ----c-tOH-tAA-%xxx-' ---li'OO1c 
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MOSEL-VITELIC MS6264N 

READ CYCLE 2(1,3,4) 

Em- ~ 
~ ~~1iX1<--------__ t";C";HZ~~j-

READ CYCLE 3(1,4) 

~----------------tAC----------------~ 

ADDRESS 
--"1 

Door ---------------------------< 

Notes: 
1. W is high for READ Cycle. 
2. Device is continuously selected E, = V1L and E2 = V1H • 

3. Address valid prior to or cOincident w~h E, transition low and/or E2 transition high. 
4. G=V1L• 
5. Transition is measured ± 500mV from steady state with CL = 5pF as shown in Figure 1 b. This parameter is guaranteed but not 

100% tested. 
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MOSEL-VITELIC 

AC Electrical Characteristics (over the operating range) 

WRITE CYCLE 

JEDEC 
PARAMETER PARAMETER 

NAME NAME PARAMETER 
tAVAX twc Write Cycle Time 

1e1LWH lew Chip Select to End of Write 
tAVWL tAS Address Set up Time 
tAVWH tAW Address Valid to End of Write 

tWLWH twp Write Pulse Width 

IwHAX IwR1 Wr~e Recovery Time 

tE2LAX 1wR2 Write Recovery Time 

tWLQZ IwHz Write to Output in High Z 

tDVWH tow Data to Write Time Overlap 

tWHDX tOH Data Hold from Write Time 

taHOl 10Hz Output Disable to Output in High Z 

tWHOX low End of Wr~e to Output Active 

Switching Waveforms (Write Cycle) 

WRITE CYCLE 1 (1) 

E1,W 

~ 

MS6264N 

MS6264NL-10 
MIN. TYP. MAX. UNIT 
100 - - ns 

80 - - ns 

0 - - ns 

80 - - ns 

60 - - ns 

5 - - ns 

5 - - ns 

- - 35 ns 

45 - - ns 

0 - - ns 

0 - 35 ns 

5 - - ns 

~----------------twc----------------~ 
,..---

ADDRESS 

G 

tew 11 

E1 

E2 
tew 11 

tAW 

W 

t (2) 
WP 

DOUT 

r--tow .1. 
tDHl 

DIN <L ~~~ 
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MOSEL-VITELIC MS6264N 

WRITE CYCLE 2(1,6) 

twe 

ADDRESS 

tew 
(11) 

E1 

E2 

tew 
(11) 

t (2) 
WP 

W 

Dour 

DIN ( Etow 

Notes: 
1. iii must be high during address transitions. 
2. The Internal write time of the memory is defined by the overlap of E1 and E2 active and iii low. All signals must be active to 

initiate a write and anyone signal can terminate a write by going inactive. The data input setup and hold timing should be 
referenced to the second transition edge of the signal that terminates the write. 

3. T WR Is measured from the earlier of E1 or iii going high or E2 going low at the end of write cycle. 
4. Duri"9.. this periOd. DO pins are in the output state so that the input signals of o..eposlte phase to the outputs !!'.ust not be applied. 
5. If the E1 low transition or the E2 high transition occurs simultaneously with the W low transitions or after the W transition. outputs 

remain in a high impedance state. 
6. G is continuously low (G = VILl. 
7. Dour is the same phase of write data of this write cycle. 
8. D01.IT is the read data of next address. 
9. If E1 is low and E2 is high during this period. DO pins are in the output state. Then the data input signals of opposite phase to the 

outputs must not be applied to them. 
10. Transition is measured ±500mV from steady state with CL = 5pF as shown in Figure lb. This parameter is guaranteed but not 

100% tested. 
11. lew is measured from the later of E1 going low or E2 going high to the end of write. 

Ordering Information 

SPEED ORDERING TEMPERATURE 
{nsl PART NUMBER PACKAGE REFERENCE NO. RANGE 

100 MS6264NL-l0PC 28 pin 600 mil Plastic DIP O·Cto +70·C 

100 MS6264NL-l0FC 28 pin Plastic Small Outline O·C to +70·C 
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MOSEL-VITELIC MS6265 
BK x B SLOW SPEED CMOS STATIC RAM 
ULTRA LOW DATA RETENTION CURRENT 

Features 
• Available in 100 ns (Max.) 
• Automatic power-down when chip disabled 
• Lower power consumption: 

MS6265 
- 220mW (Max.) Operating 
- 5.5p.W (Max.) Power Down 

16.6p.W (Max.) Industrial Temp 
- 0.6p.A (Max.) ICCDR 

• TTL compatible interface levels 
• Single 5V power supply 
• Fully static operation 
• Three state outputs 
• Two chip enable (E1 and E2) for simple memory 

expansion 
• 64K bit EPROM pin compatible 
• Wide temperature range: -40 to + 85·C 

Pin Configurations 

Vee 

Vi 
E. 

As 

A. 

A11 

G 

A,o 

E, 
D07 

DOs 

DO. 

DO, 

V DO. 

Description 
The MS6265 is a slow speed, very low data 

retention current, 64K bit static RAM, organized as 
8192 x 8. The MS6265LL is designed to operate 
over industrial temperature range of -40·C to 
+85·C. 

This SRAM is fully static in operation. Either of 
the chip enable controls (E1 or E2) can be used to 
take the device to its low low data retention mode 
(ICCDR)· _ 

Write cycle occurs when chip~nable E1 is low, 
E2 is high, an..Q write enable, W, is low. Output 
enable control G has no control function in the write 
cycle. _ 

Read Cycle occurs when chip enable E1, is low, 
E2 is high, write enable W is high and output enable 
Gis low. 

Functional Block Diagram 
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MOSEL-VITELIC 
Pin Descriptions 

A. - A,. Address Inputs 
These 13 address inputs select one of the 8192 X 8-bit 
words in the RAM. 

E, Chip Enable 1 Input 

E. Chip Enable 2 Input 

E, is active LOW and E, is active HIGH. Both chip enables 
must be active to read from or write to the device. If either 
chip enable is not active, the device is deselected ( in a 
standby power mode). The DO pins are in the high
impedance state when the device is deselected. 

G Output Enable Input 

MS6265 

W Write Enable Input 

The write enable input is active LOW and controls read 
and write operations. With the chip selected, W is HIGH 
and G LOW, output data will be present at the DO pins; 
when W is lOW, the data present on the DO pins will be 
written into the selected memory location. 

DO. - Do., Data Input/Output Ports 

These 8 bidirectional ports are used to read data from or 
write data into the RAM. 

v cc Power Supply 

The output enable input is active lOW. With the output Vss Ground 
enable active and the chip selected and write enable 
inactive, read data will be present on the DO pins. The DO 
pins will be in the high impedance (three state) output mode 
when G is inactive. 

TruthTable 
Mode W E. E2 G 

Not Selected X H X X 

(Power Down) X X L X 

Output Disabled H L H H 

Read H L H L 

Write L L H X 

Absolute Maximum Ratings (1) 

Synbol Parameter Rating Units 

Vcc Supply Voltage -0.3 to 7 

VIN Input Voltage -0.3 to V 

Vcc+ 0.3 

VDQ Input/Output Voltage -0.3 to 6 

Applied 

TSIAS Temperature Plastic -10 to +125 ·C 

Under Bias 

TSTG Storage Plastic -55 to +150 ·C 

Temperature 

PD PDwer Dissipation 1.0 W 

lOUT DC Output Current ±40(2) rnA 

1. 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 

110 Operation Vee Current 

HighZ bess, leess1 

HighZ Icess. I CesS1 

HighZ Icc 

DOUT Icc 

DIN Icc 

Operating Range 
Ambient 

Range Temperature 

Commercial O·Cto +70·C 

Special Commercial -10·C to +70·C 

Industrial -40·C to +85·C 

Capacitancef1} T A = 2S·C, f = 1.0MHz 

Symbol Parameter Conditions 

C IN Input Capacitance VIN = OV 

CDQ 
Input/Output 
Capacitance VIIO = OV 

indicated in the operational sections of this specification is not 1. This parameter is guaranteed and not tested. 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect reliability and degrade perfor-
mance characteristics. 

2. Output should not be shorted for more than 30 seconds. 
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Vt'.t'. 

5V±10% 

5V±10% 

5V± 10% 

Max. Unit 

6 pF 

8 pF 



AfOSEL-VITELIC MS6265 

DC Electrical Characteristics (over the operating range) 

Parameter MS6265 

Name Parameter Test Conditions Min. Typ.ll) Max Units 
VIL Guaranteed Input Low -0.3 - 0.8 V 

Woltaae(2) 
VIH Guaranteed Input High 2.2 - Vcc+ V 

Voltaae2) 0.3 
IlL Input Leakage Current VIN = OV to Vee. E2 ;:: Vcc - 0.2V. E1 $ 0.2V - - 1 I1A 
IOL Output Leakage Current Vee = Max. E1 = "'H. or E2 = VIL• or G = V IH. - - 1 I1A 

VII~~ = OVto Vee 

VOL Output Low Voltage Vee = Min. bL = 8mA - - 0.4 V 

VOH Output High Voltage Vee = Min. bH = -4mA 2.4 - - V 

Icc Operating Power Supply Vee= Max. E1 = VIL• E2= VIH.IDO = OmA. - - 40 mA 
~urrent F = Fmax (3) 

IcesB Standby Power Supply Current Vee = Max. E, = VIH• or E2 = VIL• I DO = OmA - - 10 l!A 
IcesB1 Power Down PowerSupp~ Vee = Max. E1 ;:: Vee - 0.2V. E2$ 0.2 TA$lO·C - - 1 I1A 

Current VIN ;:: VCC -0.2V OR VIN $ 0.2V TA S 85·C - - 3 l!A 
1. Typical characteristics are at Vee = 5V. TA = 25·C. 
2. These are absolute values with respect to device ground and all overshoots due to system or tester nOise are included. 
3. FMAX=l~. 

Data Retention Characteristics (over the specified operating range) 

Symbol Parameter Test Conditions Min. Typ. Max. Units 

VOR V cc for Data Retention E, ;:: Vee - 0.2V. E2 S 0.2V. 2.0 - - V 
V1N ;:: Vee - 0.2V or V1N S 0.2V 

ICCOR Data Retention Current 
E1;:: VOR - 0.2V. ~ $ 0.2V. IT SlO·C - - O~6 nAIl) 

V1N ;:: VnR - 0.2V or V1N <: 0.2V ITA S85·C 2.0 uAll) 

IlL Input Leakage Current - - 2 l!A 
lcOR Chip Deselect to Data 0 - - ns 

Retention Time See Retention Waveform 

~ Operation Recovery Time ~c(2) - - ns 

1. VoR =3V. TA=Specified 
2. ~C = Read Cycle Time 

Low Vce Data Retention Waveform (1) (Ef Controlled) 

Vcc--------..... - Data Retention Mode -- _-------
4.5V' VOR ?: 2V 1I'4.5V 

J:tCOR-+ I-tR-1 

E1-Z~Z""'Z""Z""'Z~/~J\""V-IH""'\'--"""E-1?:-VCC-_-0.-2V-...JI,--VI""'J\.....,\~\T"\~\-.:\.....,\~ 

Low Vee Data Retention Waveform (2) (E2 Controlled) 

Vcc Data Retention Mode 

teoR 
VoR ?:2V 

tR 
E2 

VIL VIL 

E2:5 Vee - 0.2V 
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MOSEL-VITELIC MS6265 

AC Test Conditions Key to Switching Waveforms 

Input Pulse Levels OVto 3.0V 

Input Rise and Fall Times IOns 

Timing Reference Level 1.5V 

AC Test Loads and Waveforms 

RI990Q RI990Q 
5V 5V 

OUTPUT OUTPUT 
R2 R2 

l00pF 6600 I INCLUDING 
lipF 660Q I INCLUDING 

":" ~gttED ":" ":"~~ ":" 

Fig ... 1. FIg ... lb 

Equivalent to: THEVENIN EQUIVAlENT 

396Q 
OUTPUT 1>0--"'''''''''1'--00 2V 

ALL INPUT PULSES 

3.0V~9&90 ~90% GND 10% 10% 

5ns I- 5ns 

FIg ... Z 

AC Electrical Characteristics (over the operating range) 
Read Cycle 

WAVEFORM INPUTS 

MUST BE 
STEADY , MAY CHANGE 
FROMHTO L 

.Ill7 MAY CHANGE 
FROML TOH 

m DON'T CARE: 
ANY CHANGE 
PERMITTED 

K OOESNOT 
APPLY 

JEDEC MS6265-10 
Parameter Parameter 

Name Name Parameter 

tAVAl( ~c Read Cycle Time 

IAVQV lAA Address Access Time 

IeLQV IACSI Chip Enable Access Time 

IeLOV IACS2 Chip Enable Access Time 

IGLQX toe Output Enable to Output Valid 

IeHQZ !ell Chip Enable 10 Output Low Z 

toLQX IoLZ Output Enable 10 Output in Low Z 

IeHQZ !eHZ Chip Disable to Output in High Z 

toHOZ 10HZ Output Disable to Output in High Z 

tAXQX IoH Output Hold from Address Change 

Switching Waveforms (Read Cycle) 

READ CYCLE 1(1,2,4) 

Min. 

100 

-
-
-
-
10 

5 

-
-
10 

~
----------------tRC----------------E 

ADDRESS ________________ .... 

Dour I-C --:-IOH--lAA--%xxx---.ji - '"1= 
6-25 

OUTPUTS 

WILL BE 
STEADY 

WILL BE 
CHANGING 
FROMHTOL 

WILL BE 
CHANGING 
FROML TOH 

CHANGING: 
STATE 
UNKNOWN 

CENTER 
LINE IS HIGH 
IMPEDANCE 
"OFP'STATE 

Max. Unit 

- ns 

100 ns 
100 ns 
100 ns 

40 ns 

- ns 

- ns 

30 ns 

20 ns 

- ns 

• 



MOSEL-VITELIC MS6265 

READ CYCLE 2(1,3,4) 

Elm !zzomz 
I.--tACS1---! t 

"ar ~ DOOT---~ ~ __ t_cu __ ~~~ ________________ ~tC~H~'~~ 

READ CYCLE 3(1,4) 

t RC 

ADDRESS K 
lAA . 

\\\\\\\\\' '11111 
i4--------- tOE -- .tOH • 

El \\\ ~tou- /1 VII; 'II 
(5) t ACSl --r- t CHZ(1.5.L :----+ tCUl 

III.' 
tACS2 

\.\ 1\\\\ ,\\ 
I--tOHZ (5l 1-----+ 

tCLZ2 
(5) ~tCHZ(2.5.L f------+ 

<z) X' ~ 

NOTES: 
1. W is high for READ Cycle. 
2. Device is continuously selected E, = VIL and E2 = V'H • 
3. Address valid prior to or cOincident with E, transition low and/or E2 transition high. 
4. G=V'L' 
5. Transition is measured ± 500mV from steady state with CL = 5pF as shown in Figure 1 b. This parameter is guaranteed but not 

100% tested. 
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MOSEL-VITELIC 
AC Electrical Characteristics (overthe operating range) 

Write Cycle 

JEDEC 
Parameter Parameter 

Name Name Parameter 
tAVAX Iwe Write Cycle Time 
tELWH lew Chip Enable to End of Write 
tAVWL tAS Address Set up Time 
tAVWH tAW Address Valid to End of Write 

tWLWH twp Write Pulse Width 

tWHAX IwR Write Recovery Time 
tWLOZ tWHz Write to Output in High Z 

tOVWH tow Data to Write Time Overlap 

IwHOX tOH Data Hold from Write Time 

~HOZ 10HZ Output Disable to Output in High Z 

IwHQX low Output Active from End of Write 

Switching Waveforms (Write Cycle) 

WRITE CYCLE 1(1) 

MS6265-10 

Min. 

100 

90 
20 

90 
60 
10 

0 
50 
0 

0 
10 

~----------------twe------------------~ 

Max. 

-

-

-

-
-
-

20 

-

-
20 

-

----~ r-----
ADDRESS 

W 

DOUT 
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MS6265 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



MOSEL-VITELIC MS6265 

WRITE CYCLE 2(1,6) 

twe 

ADDRESS 

tew (ll) 

El 

E2 
tew (ll) 

tAW 
twp (2) 

W 
tWHZ(4.10) 

DOUT 

t---tow 

DIN <2C 
NOTES: 
1. W must be high during address transitions. 
2. The'internal write time of the memory is defined by the overlap of El and E2 active and W low. All signals must be active to 

initiate a write and anyone signal can terminate a write by going inactive. The data input setup and hold timing should be 
referenced to the second transition edge of the signal that terminates the write. 

3. T WR is measured from the earlier of El or W going high or E2 going low at the end of write cycle. 
4. During this period, DO pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 
5. If the El low transition or the E2 high transition occurs simultaneously with the W low transitions or after the W transition, outputs 

remain in a high impedance state. 
6. G is continuously low (G = Vld. 
7. DOUT is the same phase of write data of this write cycle. 
8. DOlJT is the read data of next address. 
9. If El is low and E2 is high during this period, DO pins are in the output state. Then the data input signals of opposite phase to the 

outputs must not be applied to them. 
10. Transition is measured ±500mV from steady state with CL = 5pF as shown in Figure 1 b. This parameter is guaranteed but not 

100% tested. 
11. lew is measured from the later of El going low or E2 going high to the end of write. 

Ordering Information 
Speed (ns) Ordering Part Number Package Reference No. Temperature Range 

100 MS6265-10NC 28 Pin 300 mil Plastic DIP O·Cto +70·C 

100 MS6265-10FC 28 Pin 330 mil Small Outline O·Cto +70·C 

100 MS6265-10PC 28 Pin 600 mil Plastic DIP O·Cto +70·C 

100 MS6265-10PI 28 Pin 600 mil Plastic DIP -40·C to + 85·C 

100 MS6265-10FI 20 Pin 330 mil Small Outline -40·C to + 85·C 

100 MS6265-10NI 28 Pin 300 mil Plastic DIP -40·C to + 85·C 
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MOSEL-VITELIC 

Features 
• High-speed - 70/1 00 ns 
• Low Power dissipation: 

MS62256L 

MS62256 
32KxBCMOS 
STAT/CRAM 

- 385mW (Max.) Operating 
- 550fJ.W (Typ.) Power Down 

• Fully static operation 
• All inputs and outputs directly TIL compatible 
• Three state outputs 
• Ultra low data retention supply current at 

Vcc=2V 

Pin Configurations 

A,. Vee 

A,. W 

A, A'3 

A. A. 

As A. 

A. A" 

A3 G 

A. AlO 

A, E 
AD DO, 

DOD DO. 

DO, DOs 

DO. DO. 

GND DO. 

A. 

A,. 

DOD 

DO, 

E 
G 
Vi 
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Description 
The MS62256 is a 262,144-bit static random 

access memory organized as 32,768 words by 8 
bits and operates from a single 5 volt supply. Inputs 
and three-state outputs are TTL compatible and 
allow for direct interfacing with system I/O bus. The 
MS62256 is available in a standard 28-pin 600 mil 
plastic DIP and 330 mil SOG packages. 

Functional Block Diagram 

--oVCC 

--oGND 
1024x 256 

Memory Array 

Column I/O 

• 



MOSEL-VITELIC 
Pin Descriptions 

Ao - A14 Address Inputs 
These 15 address inputs select one of the 32768 

8-bit words in the RAM. 

E Chip Enable Input 
E is active LOW. The chip enable must be active 

to read from or write to the device. If it is not active, 
the device is deselected and is in a standby power 
mode. The DO pins will be in the high-impedance 
state when deselected. 

G Output Enable Input 
The output enable input is active LOW. If the 

output enable is active while the chip is selected 
and the write enable is inactive, data will be present 
on the DO pins and they will be enabled. The DO 
pins will be in the high impedance state when G is 
inactive. 

Truth Table 

Mode E G 

Standby H X 

Read L L 

Output L H 
Disabled 

Write L X 

Absolute Maximum Ratings (f) 

Symbol Parameter Rating Units 

Vee Supply Voltage -0.3 to 7 

VIN Input Voltage -0.3 to 7 V 

VDQ Input/Output Voltage Applied -0.3 to 6 

TBIAS Temperature Under Plastic -10 to ·C 
Bias +125 

TSTG Storage Plastic -40 to ·C 
Temperature +150 

Po Power Dissipation 1.0 W 

lOUT DC Output Current 50 mA 

MS62256 

W Write Enable Input 
The write enable input is active LOW and controls 

read and write operations. With the chip enabled, 
when W is HIGH and G is LOW, output data will be 
present at the DO pins; when W is LOW, the data 
present on the DO pins will be written into the 
selected memory location. 

000 -DOor Data Input/Output Ports 
These 8 bidirectional ports are used to read data 

from or write data into the RAM. 

Vee Power Supply 

GND Ground 

W I/O Operation 

X HighZ 

H DOUT 

H HighZ 

L DIN 

Operating Range 

Range 

Commercial 

Ambient 
Temperature 

5V±10% 

1. 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 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
reliability. 
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MOSEL-VITELIC MS62256 

DC Electrical Characteristics (over the commercial operating range) 

Parameter -70 -10 

Name Parameter Test Conditions Min. Typj1) Max. Min. Typj1) Max. Units 

VIL Guaranteed Input LOW -{).3 - .. 0.8 -{).3 - .. 0.8 V 
Voltaoe(2)(3) 

VIH Guaranteed Input HIGH 2.2 - 6.0 2.2 - 6.0 V 
Voltaoe(2) 

III Input Leakage Current VcC=Max,V IN = OVtoVcc -2 - 2 -2 - 2 I1A 

IOL Output Leakage Current Vee= Max, E = VIH, or G = VIH, -2 - 2 -2 - 2 !1A 
VIN = OV to Vr;c 

VQL Output LOW Voltage Vee = Min, IOL = 2.1 mA - - 0.4 - - 0.4 V 

VOH Output HIGH Voltage Vee= Min, IOH = -lmA 2.4 3.5 - 2.4 - - V 

lee Operating Power Supply Vee = Max, E = VIL' 11/0 = OmA, F=Fmax(4) - - 80 - - 70 mA 
Current 

IcesB Standby Power Supply Vee = Max, E= V IH' 11/0 = OmA - - 3 - - 3 mA 
Current 

lecsB1 Power Down Power Vee = Max, E '" Vee - 0.2V I MS62256L - - 0.1 - - 0.1 mA 

Supply Current VIN '" Vee - O.2V or VIN!S O.2V I MS62256 - - 1 - - 1 mA 

1. Typical characteristics are at Vee = 5V, TA = 25"C. 
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. VIL (Min.) = -3.0V for pulse width !S 20ns . 
4. FMAJ( = 1/~e. 

Capacitancef1} T A = 2S"C, f = 1.0MHz 

Symbol Parameter Conditions Max. Unit 

C IN Input CapaCitance VIN=OV 8 pF 

CI/O 
Input/Output 

VI/o= OV 10 pF Capacitance 

1. This parameter is guaranteed and not tested. 

Symbol Parameter Test Conditions Min. Typ.(1) Max.(2) Units • Data Retention Characteristics (over the commercial operating range) 

VOR Vcc for Data Retention E '" Vcc-D.2V, VIN '" Vee - 0.2V or 2.0 - - V 

VIN !S0.2V 

IceoR Data Retention Current E '" Vcc-D.2V, V IN'" Vee - O.2V or - 2 50 !1A 
VIN!S 0.2V 

!cDR Chip Deselect to Data Retention Time 0 - - ns 
See Retention Waveform 

tR Operation Recovery Time ~C(3) - - ns 

1. Vcc = 2V, T A = .. 25"C 
2. Vee=3V 
3. ~e = Read Cycle Time 

Timing Waveform Low V cc Data Retention Waveform 

Vee--------, - Data Retention Mode --- _-------
4.5V VORl!:2V 4.5V 
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MOSEL-VITELIC M562256 

AC Test Conditions Key to Switching Waveforms 

Input Pulse Levels OVto 3V WAVEFORM 

Input Rise and Fall Times 3ns 

Timing Reference Level 1.5V 

~ 
.Ill7 
m 
K 

AC Test Loads and Waveform 

18000 18000 
5V o-----oIN-, 

OUTPUT 0--....,..----+ 
5V o-----oIN-, 

OUTPUT 0--....,..----+ 
l00pF 9900 I INCLUDING .,.. ~gtpNJ' .,.. 

5pF 9900 I INCLUDING .,.. ~&fp~D .,.. 
Figure I. Flgurelb 

Equivalent to: THEVENIN EQUIVALENT 
6390 

OUTPUT OO--~.NY"""--O 1.8V 

ALL INPUT PULSES 

3.0V~0% 
GND 10% 1 

3ns r--- 3 ns 

Figure 2 

AC Electrical Characteristics (over the commercial operating range) 

Read Cycle 

Jedec MS62256-70 
Parameter Parameter 

INPUTS 

MUST BE 
STEADY 

MAY CHANGE 
FROM HTO L 

MAY CHANGE 
FROML TOH 

DON'T CARE: 
ANY CHANGE 
PERMITTED 

DOES NOT 
APPLY 

MS62256-10 

Name Name Parameter Min. Max. Min. Max. 

tAVAX ~c Read Cycle Time 70 - 100 -
tAVOV t'A Address Access Time - 70 - 100 

!a0lL IIIGS Chip Enable Access Time - 70 - 100 

~LQX tOE Output Enable 10 Output Valid - 40 - 50 

tEHQZ IcLz Chip Enable to Output Low Z 5 - 10 -

~LQX Imz Output Enable to Output in Low Z 5 - 5 -

tEHDZ IcHZ Chip Disable to Output in High Z 0 30 0 35 

t..H07 toH7 Output Disable 10 Output in High Z 0 30 0 35 

IAXQX IoH Output Hold from Address Change 5 - 10 -
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OUTPUTS 

WILL BE 
STEADY 

WILL BE 
CHANGING 
FROMHTOL 

WILL BE 
CHANGING 
FROMLTOH 

CHANGING: 
STATE 
UNKNOWN 

CENTER 
LINE IS HIGH 
IMPEDANCE 
''OFP' STATE 

Unit 

ns 
ns 

ns 

ns 

ns 
ns 
ns 

ns 

ns 



MOSEL-VITELIC MS62256 

Switching Waveforms (Read Cycle) 

READ CYCLE 1 (1) 

~--------tRC-----------+\ ,-----
ADDRESS 

1-------:(5::-) tACS----+--I_.....::::~~~~t;::1 
~---tcu~----~ , 

DO~-----------------{ 

READ CYCLE 2(1,2,4) 

READ CYCLE 3(1,3,4) 

E~~~CS~ ~ j 
DouT --""';'---

NOTES: 
1. W is High for READ Cycle. 
2. Device is continuously selected E = VIL• 

3. Address valid prior to or coincident with E transition low. 
4. G=VIL. 

5. Transition is measured ± 500mV from steady state with CL = 5pF as shown in Figure 1 b. This parameter is guaranteed and not 
100% tested. 
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MOSEL-VITELIC 
AC Electrical Characteristics (over the commercial operating range) 

Write Cycle 

Jedec MS62256-70 MS62256-10 
Parameter Parameter 

Name Name Parameter 

tAVAX Iwe Write Cycle Time 

tELWIf 1ew Chip Enable to End of Write 

tAVWl tAS Address Set up Time 

tAVWH tAw Address Valid to End of Write 

tWLWH twp Write Pulse Width 

IwHAX tWR Wrne Recovery Time 

IwLOZ IwHZ Wrne to Output in High Z 

tOVWH tnw Data Valid to End of Write 

tWHOX tOH Data Hold from Write Time 

IQHZO 10HZ Output Disable to Output in High Z 

tWHOX low Output Active from End of Write 

Switching Wavefonns (Write Cycle) 

WRITE CYCLE 1 (1) 

ADDRESS 

G //// 

\\\ ,\ \ \ \ \'{s) 
~tAS 

~\\\) 

~ *-tOHZ 
'\ '\ '\ 
/ // // /I DOUT 

twe 

tAW 

tew 

t (2) 
WP 

Min. Max. Min. Max. 

70 - 100 -
65 - 90 -
0 - 0 -

65 - 90 -
55 - 75 -
5 - 5 -
0 30 0 35 

35 - 40 -
0 - 0 -
0 30 0 40 

5 - 5 -

( 

-tWR(~ 

f\.\\\ 

'1111111 

r--trm .. I. tOH 

D,N------<¢~ ___ l~x---x~x 
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MS62256 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



MOSEL-VITELIC 
Switching Wavefonns (Write Cycle) 

WRITE CYCLE 2(1,6) 

~------------twc--------------~ 

ADDRESS 

r--trm 

MS62256 

DIN ------------<¢"'~------lf-:~~Hf-
NOTES: 
1. Vii must be high during address transitions. 
2. The internal write time of the memory is defined by the overlap E active and Vii Irm. Both signals must be active to initiate and 

anyone signal can terminate a write by going inactive. The data input setup and hold timing should be referenced to the second 
transition edge of the signal that terminates the write. 

3. T WR is measured from the earlier of E or Vii going high at the end of write cycle. 
4. During this period, DO pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 
5. If the E Irm transition occurs simultaneously with the Vii Irm transitions or after the Vii Irm transition, outputs remain in a high 

impedance state. 
6. G is continuously low (e; = V IL)' 
7. DOUT Is the same phase of write data of this write cycle. 
8. DQ\)T is the read data of next address. 
9. If E is low during this period, DQ pins are in the output state. Then the data Input signals of opposite phase to the outputs must 

not be applied to them. 
10. Transition is measured ±500mV from steady state with CL = 5pF as shown in Figure 1 b. This parameter is guaranteed and not 

100% tested. 
11. lew is measured from E going low to the end of write. 

Ordering Information 

Speed Ordering Temperature 

INs) Part Number Packaoe Reference No, Ranoe 

70 MS62256L-70FC 28 Pin 330 mil Small Outline O°C to +70°C 

70 MS62256L-70PC 28 Pin 600 mil Plastic DIP O°Cto +70°C 

70 MS62256L-70NC 28 Pin 300 mil Plastic DIP O°Cto +70°C 

100 MS62256L-10FC 28 Pin 330 mil Small Outline O°Cto +70°C 

100 MS62256L-10PC 28 Pin 600 mil Plastic DIP O°Cto +70°C 

100 MS62256L-10NC 28 Pin 300 mil Plastic DIP O°Cto +70°C 
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MOSEL-vrrELIC MS62256N 
32K x 8 CMOS STATIC RAM 
WITH 3.3V OPERATIONS 

Features 
• High-speed - 70/100 ns 
• Low Power dissipation: 

MS62256NL 
- 200mW (Max.) Operating 
- 150l1W (Typ.) Power Down 

• Fully static operation 
• Three state outputs 
• Ultra low data retention supply current at 

Vcc=2V 

Pin Configurations 

A,. Vce 

A,. Vi 

Al A13 

A. A. 

A. A. 

A. Al1 

A. G 
A. A,o 

A, E 
Ao 001 

DOo DO. 

DO, DO. 

DO. DO. 

Vss DO. 

A. 

A,. 

DOo 

DOl 

E 
G 
Vi 

Description 
The MS62256N is a 262,144-bit static random 

access memory organized as 32,768 words by 8 
bits and operates from a single 3.3 volt supply. 
Inputs and three-state outputs are TTL compatible 
and allow for direct interfacing with common system 
bus structures. The MS62256N is available in a 
standard 300 mil SOJ and SOG. 

Functional Block Diagram 

---OVcc 

---OGND 
1024 x 256 

Memory Array 

Column 110 
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MOSEL-VITELIC 
Pin Descriptions 

Ao - A14 Address Inputs 
These 15 address inputs select one of the 32768 

8-bit words in the RAM. 

E _ Chip Enable Input 
E is active LOW. The chip enable must be active 

to read from or write to the device. If it is not active, 
the device is deselected and is in a standby power 
mode. The DO pins will be in the high-impedance 
state when deselected. 

G Output Enable Input 
The output enable input is active LOW. If the 

output enable is active while the chip is selected 
and the write enable is inactive, data will be present 
on the DO pins and they will be enabled. The DO 
pins will be in the high impedance state when G is 
inactive. 

Truth Table 

Mode E G 

Standby H X 

Read L L 

Output L H 

Disabled 

Write L X 

Absolute Maximum Ratings (1) 

Symbol Parameter Rating Units 

Vee Supply Voltage -0.3 to 7 

VIN Input Voltage -0.3 to 7 V 

VDQ Input/Output Voltage Applied -0.3 to 6 

TBIAS Temperature Under Plastic -10to ·C 

Bias +125 

TSTG Storage Plastic -40 to ·C 

Temoerature +150 

Po Power Dissipation 1.0 W 

lOUT DC Output Current 50 rnA 

1. 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 sections of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect reliability. 

MS62256N 

W Write Enable Input 
The write enable input is active LOW and controls 

read and write operations. With the chip enabled, 
when W is HIGH and G is LOW, output data will be 
present at the DO pins; when W is LOW, the data 
present on the DO pins will be written into the 
selected memory location. 
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DQo - DQ7 Data Input'Output Ports 
These 8 bidirectional ports are used to read data 

from or write data into the RAM. 

Vee Power Supply 

GND Ground 

W 110 Operation 

X HighZ 

H DOUT 

H HighZ 

L DIN 

Operating Range 

Range 

Commercial 

Ambient 
Temperature 

O·C to +70·C 3.3V + 10%, -5% 



MOSEL-vrrELIC MS62256N 

DC Electrical Characteristics {over the commercial operating range} 

Parameter ·70 ·10 
Name Parameter Test Conditions Min. Typ.(1) Max. Min. Typ.(1) Max. Units 

VIL Guaranteed Input Low -0.3 - +0.8 -0.3 - +0.8 V 
Voltaae(2)(3) 

VIH Guaranteed Input High 2.2 - 6.0 2.2 - 6.0 V 
Voltaae(2) 

IlL Input Leakage Current Vee= Max, VIN = OV to Vee - - 2 - - 2 pA 

IOL OUtput Leakage Vee= Max, E = VIH, or G = VIH ,V IN = OV - - 2 - - 2 I1A 
Current tOVee 

VOL Output Low Voltage Vee = Min, bL = 1mA - - 0.4 - - 0.4 V 

VOH Output High Voltage Vee = Min, bH = -250pA 2.0 3.5 - 2.0 3.5 - V 

lee Operating Power Vee = Max, E = VIL, 1110 = OmA, F m .. (4) - - 60 - - 60 rnA 
Suoolv Current 

lecsB Standby Power Supply Vee = Max, E ~ V IH' 1110 = OmA - - 10 - - 10 rnA 

Current 

ICCSB1 Power Down Power Vee = Max, E 2: Vee - 0.2V I MS62256N - - 2 - - 2 rnA 

Supply Current VIN 2: Vee - 0.2V or V IN ~ 0.2V I MS62256NL - - 100 - - 100 I1A 
1 . Typical characteristics are at Vee = 3.3V, T A = 25°C. 
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. VIL (Min.) =-1.5V for pulse width~20ns 
4. FMAl( = 1~e. 

Capacitance/1} T A = 25°C, f = 1.0MHz 

Symbol Parameter Conditions Max. Unit 

C IN Input Capacitance VIN=OV 8 pF 

Coo 
Input/Output 

VIIo = OV 10 pF Capacitance 

1. This parameter is guaranteed and not tested. 

Data Retention Characteristicsl1} {over the commercial operating range} 

Symbol Parameter Test Conditions Min. Typ.l2l MaX(3) Units 

VCR Vee for Data Retention E2: Vee-0.2V, G 2: Vee -0.2V, VIN 2: Vee-0.2V 2.0 - - V 
orVIN~0.2V 

leeoR Data Retention Current E'f2: Vee-0.2V, G 2: Vee -0.2V, VIN 2: Ve~0.2V - 2 50 pA 
orV IN~0.2V 

!cDR Chip Deselect to Data Retention 0 - - ns 
ime See Retention Waveform 

tR Operation Recovery Time tRe(4) - - ns 

1. Applies to L verion only 
2. Vee=2V, TA=+25°C 
3. Vee =3.3V 
4. ~e = Read Cycle Time 

Timing Waveform Low V cc Data Retention Waveform 

Vee--------__... - Data Retention Mode - ,_-------
'4.5V 4.5V 
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MS62256N MOSEL-VITELIC 
AC Test Conditions Key to Switching Waveforms 

Input Pulse Levels WAVEFORM 

Input Rise and Fall Times 

Timing Reference Level 

OVto 3.0V 

5ns 

1.5V 

~ 
/ll7 
m 
H 

AC Test Loads and Waveform 

1.8M 1.8M 
5V 0-----__ ..., 

OUTPUT o----r---i 

5V 0-----__ ..., 
OUTPUT o----r----i 

9800 
l00pF I INCLUDING 

.... ~gttlP .... 
Figure 1. 

Equivalent to: 
THEVENIN EQUIVALENT 

6600 

5pF 980n 

I INCLUDING 
.... ~,&:~D .... 

Figure 1b 

OUTPUT OO--..... ~"""."..· --000 2V 

ALL INPUT PULSES 

GND~O% 10 
3.0V~M~ 

5ns r 5ns 

Figure 2 

AC Electrical Characteristics (over the commercial operating range) 

Read Cycle 

INPUTS 

MUST BE 
STEADY 

MAY CHANGE 
FROM H TO L 

MAY CHANGE 
FROML TOH 

DON'TCARE: 
ANY CHANGE 
PERMITTED 

OOESNOT 
APPLY 

Jedec MS62256NL·70 MS62256NL·10 
Parameter Parameter 

Name Name Parameter Min. Max. Min. Max. 

IAVAX IRC Read Cycle Time . 70 - 100 

IAVQV 1M Address Access Time - 70 - 100 

IElQv lACS Chip Enable Access Time - 70 - 100 

IGLQX IoE Output Enable 10 Output Valid - 35 - 40 

IEHQZ \eLL Chip Enable 10 Oulput Low Z 10 - 15 -
IGLQX IoLZ Output Enable 10 Output in Low Z 0 . 0 . 
IEHOZ \eHZ Chip Disable 10 Output in High Z 0 35 0 40 

IuHQZ 10HZ Output Disable 10 Output in High Z 0 35 0 40 

IAXQX IoH Output Hold from Address Change 8 - 8 -
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OUTPUTS 

WILL BE 
STEADY 

WILL BE 
CHANGING 
FROMH TOL 

WILL BE 
CHANGING 
FROML TOH 

CHANGING: 
STATE 
UNKNOWN 

CENTER 
LINE IS HIGH 
IMPEDANCE 
''OFP' STATE 

Unit 

ns 

ns 

ns 
ns 

ns 
ns 

ns 
ns 
ns 



MOSEL-VITELIC MS62256N 

Switching Waveforms (Read Cycle) 

READ CYCLE 1(1) 

~----------------t~--------------~ 
~----

ADDRESS 

1+------=(5)c-tAcs-----+--.~_...,;::~~~~;t;:;j 
1+------tCLZ-'------------+\ , 

DOOT------------------< 

READ CYCLE 2(1,2,4) 

ADDRESS ---tl---_ -_ -_ -_t~_=_===~ 
--1 t~ tM9X><>a<======~t=====tO=H=1==:= Q:)UT 

READ CYCLE 3(1,3,4) 

NOTES: 
1. VIi is High for READ Cycle. 
2. Device is continuously selected E = V1L• 
3. Address valid prior to or coincident with E transition low. 
4. G=V1L• 
5. Transition is measured ± 500mV from steady state with CL = 5pF as shown in Figure 1 b. This parameter is guaranteed and not 

100% tested. 
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MOSEL-VITELIC MS62256N 

AC Electrical Characteristics (over the commercial operating range) 

Write Cycle 
Jedec MS62256NL-70 MS62256NL-10 

Parameter Parameter 
Name Name Parameter 

tAVAl< Iwe Write Cycle Time 

tELWH lew Chip Enable to End of Write 

tAVWL lAS Address Set up Time 

tAVWH tAW Address Valid to End of Write 

IwLWH twp Write Pulse Width 

tWHAl< tWR Write Recovery Time 

twLOZ tWHZ Write to Output in High Z 

tOVWH low Data Valid to End of Write 

tWHOX tOH Data Hold from Write Time 

~HZO 10Hz Output Disable to Output in High Z 

IwHOX low Output Active from End of Write 

Switching Waveforms (Write Cycle) 

WRITE CYCLE 1(1) 

ADDRESS 

//1 

\\\ ,\\\\\tS
) 

-----,tAS 

DOUT 

\k.\ \ \~ 

~ -tOHZ 

\.\.\.\\\.\.\.\\. 
/ // / /I 

twe 

tAW 

tew 

t (2) 
WP 

Min. Max. Min. Max. 

70 - 100 -
55 - 85 -
3 - 5 -

45 - 65 -
35 - 45 -
5 - 7 -
0 30 0 35 

30 - 35 -
5 - 0 -
0 35 0 40 

6 - 8 -

K. 
-tWR(~ 

~\\\ 

'/////// 

I 

j--tow .1, tOH 

D,N-----<%~-__ l~x-=-x~x 

6-41 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



MOSEL-VITELIC 
Switching Waveforms (Write Cycle) 

WRITE CYCLE 2(1,6) 

~--------------twc--------------~ 

ADDRESS ---I 

MS62256N 

----+--r:-~~~, f4----tWp(""2)~----+I ,-1-_______ _ 

r---trm 

DIN -------------.... <%~ ... ------..... lIE""*""*~~:-
NOTES: 
1. Iii must be high during address transitions. 
2. The internal write time of the memory is defined by the overlap E active and Iii low. Both signals must be active to initiate and 

anyone signal can terminate a write by going inactive. The data input setup and hold timing should be referenced to the second 
transition edge of the Signal that terminates the write. 

3. T WR is measured from the earlier of E or Iii going high at the end of write cycle. 
4. Durin!! this period, DO pins are in the output state so ~at the input signals of oppo~e phase to the outputs must not be applied. 
5. If the E low transition occurs simultaneously with the W low transitions or after the W low transition, outputs remain in a high 

impedance state. 
6. G is continuously low (G = V Ill. 
7. DOUT is the same phase of write data of this write cycle. 
8. DQlJT is the read data of next address. 
9. If E is low during this period, DO pins are in the output state. Then the data input signals of opposite phase to the outputs must 

not be applied to them. 
10. Transition is measured ±5OOmV from steady state with Cl = 5pF as shown in Figure 1 b. This parameter is guaranteed and not 

100% tested. 
11. lew is measured from E going low to the end of write. 

Ordering Information 

Speed Ordering Temperature 
(Ns) Part Number Packaae Reference No. Ranae 

70 MS62256NL-70SC 28 Pin 300 mil SaG O·C to +70·C 

70 MS62256NL-70RC 28 Pin 300 mil SOJ O·C to +70·C 

100 MS62256NL-l0SC 28 Pin 300 mil SaG O·C to +70·C 

100 MS62256NL-l0RC 28 Pin 300 mil SOJ O·Cto +70·C 
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MOSEL-VITELIC MS62256C 
32K x 8 CMOS STATIC RAM 

Features 
• High-speed - 70/1 00 ns 
• Low Power dissipation: 

- 385mW (Max) Operating 
- 16.5mW (Max) Standby 
- 0.55mW (Max) Power-clown 
- 5JlA (Max) IceDR 

• Fully static operation 
• All inputs and outputs directly TIL compatible 
• Three state outputs 
• Ultra low data retention supply current at 

Vce=2V 
• Data retention as low as 2V 

Pin Configurations 

A. 

DO. 

E 
G 
W 
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Descriptions 
The MS62256C is a 262,144-bit static random 

access memory organized as 32,768 words by 8 
bits and operates from a single 5 volt supply. It is 
built with MOSEL-VITELIC's high performance twin 
tub CMOS process. Inputs and three-state outputs 
are TTL compatible and allow for direct interfacing 
with common system bus structures. The 
MS62256C is available in a standard 28-pin 600 
and 300 mil plastic DIP and 330 mil wide SOG. 

Functional Block Diagram 

Input 
Data 

Circuit 

512.512 
Memory Array 

COlumn I/O 

.--oVcc 

.--oGNO 



MOSEL-vrrELlC 
Pin Descriptions 

Ao • A14 Address Inputs 
These 15 address inputs select one of the 32,768 

x 8-bit words in the RAM. 

E Chip Enable Input 
E is active LOW. The chip enable must be active 

to read from or write to the device. If it is not active, 
the device is deselected and is in a standby power 
mode. The DO pins will be in the high-impedance 
state when deselected. 

G Output Enable Input 
The output enable input is active LOW. If the 

output enable is active while the chip is selected 
and the write enable is inactive, data will be present 
on the DO pins and they will be enabled. The DO 
pins will be in the high impedance state when G is 
inactive. 

Truth Table 
Mode E G 

Standby H x 
Read L L 

Read L H 

WrHe L X 

Ab I Ma· so ute 'Xlmum R i atngs (1) 

Symbol Parameter Rating Units 

Vee Supply Voltage -0.3 to 7 

VIN Input Voltage -o.3t07 V 

VDQ InpuVOutput Voltage Applied -0.3 to 6 

TBiAS Temperature Under Bias -10 to +125 ·C 

TSTG Storage Temperature -40 to +150 ·C 

1. 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 sections of this 
specification is not implied. Exposure to absolute 
maximum rating condHions for extended periods may 
affect reliabilHy. 

MS62256C 

W Write Enable Input 
The write enable input is active LOW and controls 

read and write opera!!9ns. With the chip enabled, 
when W is HIGH and G is LOW...!..output data will be 
present at the DO pins; when W is LOW, the data 
present on the DO pins will be written into the 
selected memory location. 

DOo • Dcq Data Input/Output Ports 
These 8 bidirectional ports are used to read data 

from or write data into the RAM. 

Vee Power Supply 

GND Ground 

W I/O Operation 

X HighZ 

H DOUT 

H HighZ 

L DIN 

Operating Range 
Range Temperatura 

Commercial o·Cto +70·C 5V±10% 
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MOSEL-VITELIC MS62256C 

DC Electrical Characteristics (over the commercial operating range) 

Parameter ·70 ·10 

Name Parameter Test Conditions Min. Typ.(1) Max. Min. Typ.(1) Max. Units 

VIL Guaranteed Input LOW -0.3 - +0.8 -0.3 - +0.8 V 
Voltaae(2)(3) 

VIH Guaranteed Input HIGH 2.2 - 6 2.2 - 6 V 
Voltaae(2) 

IlL Input Leakage Current Vee= Max, V IN = OV to Vee -2 - 2 -2 - 2 I1A 

IOL Output Leakage Current Vee= Max, E = VIH,VIN = OV t 0 Vee -2 · 2 -2 - 2 I1A 

VOL Output LOW Voltage Vee = Min, IOL = 2.1 mA - · 0.4 - - 0.4 V 

VOH Output HIGH Voltage Vee= Min,IOH =-1mA 2.4 - - 2.4 - . V 

Icc Operating Power Supply Vee = Max, E = VIL, 11/0 = OmA, F=Fm ax (4) - - 80 - - 70 mA 
Current 

lcess Standby Power Supply Vee = Max, E= V IH, 11/0 = OmA - · 3 - - 3 mA 
Current 

lecsB1 Power Down Power Vee = Max, E ~ Vee - 0.2V I MS62256CL - - 0.1 . - 0.1 mA 

Supply Current I MS62256CLL 20 20 I1A 
1. Typical characteristics are at Vce = 5V, TA = 25·C. 
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are Included. 
3. VIL (Min.) = -3.0V for pulse width ~ 20ns 
3. FMAJ( = 1itAe. 

Capacitancef1j T A = 2S·C, f = 1.0MHz 

Symbol Parameter Conditions Max. Unit 

C IN Input Capacitance VIN=OV 7 pF 

CI/O 
Input/Output 

VI/O = OV 8 pF Capacitance 

1. This parameter is guaranteed and not tested. 

Data Retention Characteristics (over the commercial operating range) 

Symbol Parameter Test Conditions Min. Typ.(1) Max Unlta 

VDA Vee for Data Retention E~ Vce-D.2V 2.0 . 5.5 V 

IceDA Data Retention Current MS62256C VDA =3.0V,E ~VDA-0.2V . 1.0 102) I1A 

!cDA Chip Deselect to Data Retention Time 0 - - ns 
See Retention Waveform 

tA Operation Recovery Time tAe(3) - . ns 

1. Vee =2V,TA=+25·C 
2. VDA = 3.0 V, T A = O·C to 40·C, IceDA = 511A 
3. ~e = Read Cycle Time 

Timing Waveform Low V cc Data Retention Waveform 

vec---------f Data Retention Mode =t 
4.5V _ VPR _ 4.5V 

...,ttCDR t R.., 

E --:1~/r-IT'"/..,..I..,../-rfi2+2-.2~V \ 1"";-.2V"X~S:~'\~S:~S:"""'I,\~,\~ 
"'-'""'-'""'--""'-.... _'---'1'-1. E1~ \IoR- 0.2V .---
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MS62256C MOSEL-VITELIC 
AC Test Conditions Key to Switching Waveforms 

Input Pulse Levels 0.6V 10 2.4V 

Input Rise and Fall Times 3ns 

Timing Reference Level 1.5V 

AC Test Loads and Waveforms 

180011 
5V o-----oIoN-, 

OUTPUT o--~-----+ 

180011 
5V o-----oIoN., 

OUTPUT o--....,...---~ 

WAVEFORM 

~ 
.Ill7 
m 
K 

30pF 99011 I INCLUDING 

5pF 99011 I INCLUDING 
.". ~8t~ED .". .". ~8t~ED .". 

Figural. FIgura1b 

Equivalent to: 
THEVENIN EQUIVALENT 

63911 
OUTPUT o~--."V"'I--O 1.8V 

ALL INPUT PULSES 

3.0V~0% 
GND 20% 10% 

3ns!- 3ns 

Figure 2 

AC Electrical Characteristics (over the commercial operating range) 

Read Cycle 

Jedec MS62256C-70 
Parameter Parameter 

Name Name Parameter Min. Typ. Max. 

IAvAx IRe! Read Cycle Time 70 -
IAvov lu Address Access Time - 70 

IF1o" IAe!" Chip Enable Access Time - 70 

IoLOX toE Output Enable 10 Output Valid - 40 

IeHQZ !eLz Chip Enable to Output Low Z 10 -
IoLOx toLZ Output Enable 10 Output in Low Z 5 -

IeHOZ tr.HZ . Chip Disable to Output in High Z - 30 

lGHOZ 10Hz Output Disable 10 Output in High Z - 30 

IAXox b Output Hold from Address Change 5 -
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INPUTS OUTPUTS 

MUST BE WILL BE 
STEADY STEADY 

MAY CHANGE WILL BE 
FROMHTOL CHANGING 

FROMHTOL 

MAY CHANGE WILL BE 
FROML TOH CHANGING 

FROML TOH 

OON'TCARE: CHANGING: 
ANY CHANGE STATE 
PERMITTED UNKNOWN 

CENTER 
OOESNOT LINE IS HIGH 
APPLY IMPEDANCE 

"OFP'STATE 

MS62256C-1 0 

Min. Typ. Max. Unit 

100 - ns 

- 100 ns 

- 100 ns 

- 50 ns 

10 - ns 

5 - ns 

- 35 ns 

- 35 ns 

10 - ns 



MOSEL-VITELIC MS62256C 

Switching Waveforms (Read Cycle) 

READ CYCLE 1(1) 

ADDRESS 

DOUT--------------------------~ 
~~~----------~~~ 

READ CYCLE 2(1,2,4) 

~
~~~~~~-tRC~~~~~~~~~-+I 

ADDRESS 

DoUT _......!:L::"-==;;-::=;;-::::;t~-OH~-::-tAA~~--~~txxx-! =~ -:=...,. -=:-x-+l·,-----------.;.....-tOH-="---.I)<...,..... 

READ CYCLE 3(1,3,4) 

NOTES: 
1. IN is High for READ Cycle. 
2. Device is continuously selected E = V1l• 

3. Address valid prior to or coincident with E transition low. 
4. G =V1l• 

S. Transition is measured ± SOOmV from steady state with Cl = SpF as shown in Figure lb. This parameter is guaranteed and not 
100% tested. 
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MOSEL-vrrELIC 
AC Electrical Character/stics (over the commercial operating range) 

Write Cycle 

MS62256C 

Jedec MS82256C-70 MS82256C-1 0 
Parameter Parameter 

Name Name Parameter 

tAVAX twe Write Cycle Time 
1",_ Ir.w Chip Enable to End of Write 

tAVW' t~ Address Set up Time 

tAVW" tA~ Address Valid to End of Write 

Iwt.WH twp Write Pulse Width 

IwHAX twR Write Recovery Time 

twloz tWHZ Write to Output in High Z 

tDVW~ tow Data Valid to End of Write 

tWHDX tOH Data Hold from Write Time 

~HZO tOHZ Output Disable to Output in High Z 

tWHOX low Output Active from End of Write 

Switching Wavefonns (Write Cycle) 

WRITE CYCLE 1 (1) 

Min. Typ. Max. 

70 -
65 -
0 -

65 -
55 -
5 -
0 30 

35 -
0 -

- 30 

5 -

i4---------twc----------+I 

ADDRESS 

i4-------tAW------+I 

Min. Typ. 

100 

90 

0 

90 

75 

5 

0 

40 

0 

-
5 

Do~~~~~~~~~~~~---------------H-------------

DIN-----~Q:~'-------~X~X~X 
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Max. Unit 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

35 ns 

- ns 

- ns 

40 ns 

- ns 



MOSEL-VITELIC 
Switching Wavefonns (Write Cycle) 

Write Cycle 2(1,6) 

~------------twc--------------~ --.... [,.------
ADDRESS 

twp(~2)~ __ ~ ~ ________________ __ 

r-tow tOH =;1.; 
D,N------ot"-jlo ___ ~()()()( 

NOTES: 
1. W must be high during address transitions. 

MS62256C 

2. The internal write time of the memory is defined by the overlap E active and W low. Both signals must be active to initiate and 
anyone Signal can terminate a write by going inactive. The data input setup and hold timing should be referenced to the second 
transition edge of the signal that terminates the write. 

3. T WR is measured from the earlier of E or W going high at the end of write cycle. 
4. During this period, DO pins are In the output state so that the input signals of opposite phase to the outputs must not be applied. 
5. If the E low transition occurs simultaneously with the W low transitions or after the W low transition, outputs remain in a high 

impedance state. 
6. G is continuously low (G = V,Ll. 
7. DOUT is the same phase of write data of this write cycle. 
8. DQlJT is the read data of next address. 
9. If E is low during this period, DO pins are in the output state. Then the data input signals of oppoSite phase to the outputs must 

not be applied to them. 
10. Transition is measured ±500mV from steady state with CL = 5pF as shown in Figure 1 b. This parameter is guaranteed and not 

100% tested. . 
11. lew is measured from E going low to the end of write. 
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MOSEL-VITELIC MS62256C 

Ordering Information 

Speed Ordering Temperature 
INsl Part Number Packaae Reference No. Ranae 

70 MS62256CLL-70PC 28 Pin Plastic DIP - 600 mil O"C to + 70·C 

70 MS62256CLL-70FC 28 Pin Plastic DIP O·Cto +70·C 

70 MS62256CLL-70NC 28 Pin Plastic DIP - 300 mil O·Cto +70·C 

100 MS62256CLL-l0PC 28 Pin Plastic DIP - 600 mil O·Cto +70·C 

100 MS62256CLL-l0FC 28 Pin Plastic DIP O"C to + 70·C 

100 MS62256CLL-l0NC 28 Pin Plastic DIP - 300 mil 0·Cto+70·C 
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MOSEL-VITELIC MS628128 
1048576 (131,072 x 8) 
CMOS STATIC RAM WITH 

ADVANCED 
INFORM A TION 

DATA RETENTION AND LOW POWER 

Features 
• Available in 80/100/120 ns (Max.) 
• Automatic power-down when chip disabled 
• Lower power consumption: 

MS628128 
- 5.5mW (Max.) Power Down 
MS628128L 
- 1.1 mW (Max.) Power Down 

• TTL compatible interface levels 
• Single 5V power supply 
• Fully static operation 
• Three state outputs 
• Two chip enable (El and E2) for simple memory 

expansion 
• Data retention as low as 2V 

Pin Configurations 

NC VCC 

A'6 A, S 

A'4 E2 

A'2 W 
A7 A'3 

As As 

As Ag 

A4 An 

A3 G 

A2 A'0 

A, E, 
Ao D07 

DOc D06 

DO, DOs 

D02 D04 

GNO D03 

Description 
The MS628128 is a high performance, low power 

CMOS static RAM organized as 131,072 words by 
8 bits. The device supports easy memory 
expansion with both an active LOW chip enable 
(El ) and an active High chip ena.!?le (E2), as well as 
an active LOW output enable (G) and three state 
outputs. An automatic power-down feature is 
included which reduces the chip power by 80% in 
TTL standby mode, and by over 95% in full power
down mode. 

The device is manufactured in Mosel-Vitelic's 
high performance CMOS process and operates 
from a single 5V power supply. All inputs and 
outputs are TTL compatible. Data is retained to as 
low as Vee = 2V. 

The MS628128 is packaged in the JEDEC 
standard 32 pin 600 mil wide DIP and 525 mil wide 
SOP. 

Functional Block Diagram 

A4 ----ovcc 

Ag 

Al1 

A,. 

OOc 

E, 
E', 
G 
WV-"1-__ ...I 
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MOSEL-VITELIC 

Pin Descriptions 

Ao - A16 Address Inputs 
These 17 address inputs select one of the 

131,072 x a-bit words in the RAM. 

E1 Chip Enable 1 Input 
E2.... Chip Enable 2 Input 

E1 is active LOW and E2 is active HIGH. Both 
chip enables must be active to read from or write to 
the device. If either chip enable is not active, the 
device is deselected and is in a standby power 
mode. The DO pins will be in the high-impedance 
state when deselected. 

G Output Enable Input 
The output enable input is active LOW. If the 

output enable is active while the chip is selected 
and the write enable is inactive, data will be present 
on the DO pins and they will be enabled. The DO 

Truth Table 

Mode W El ~ G 

Not Selected X H X X 

(Power Down) X X L X 

Output Disabled H L H H 

Read H L H L 

Write L L H X 

Absolute Maximum Ratings (1) 

SYMBOL PARAMETER RATING UNITS 

VTERM Terminal Voltage with -0.5 to +7.0 V 
Respect to GND 

TBIAS Temperature Under Bias -10 to +85 ·C 

TSTG Storage Temperature -45 to +125 ·C 

1. 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 sections of this 
specification is not implied. Exposure to absolute 
maximum rating condHions for extended periods may 
affect reliability. 

MS628128 

pins will be in the high impedance state when G is 
inactive. 

W Write Enable Input 
The write enable input is active LOW and controls 

read and write operations. With the chip selected, 
when W is HIGH and G is LOW, output data will be 
present at the DO pins; when W is LOW, the data 
present on the DO pins will be written into the 
selected memory location. 

DQo - DQ7 Data Input/Output Ports 
These a bidirectional ports are used to read data 

from or write data into the RAM. 

Vcc Power Supply 

GND Ground 

I/O Operation VccCurrent 

HighZ leesB. IccsB1 

HighZ lecsB. I eCSB1 

HighZ Icc 

DOUT Icc 

DIN be 

Operating Range 

Range Temperature Vee 

Commercial O·C to +70·C 5V± 10% 

CapaCitance (1) T A = 25°C, f = 1.0MHz 

Symbol Parameter Conditions Max. Unit 

C IN Input Capacitance VIN=OV 8 pF 

Coa 
Input/Output 

Vl/o=OV 10 pF CapaCitance 

1. This parameter is guaranteed and not tested. 
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MOSEL-VITELIC MS628128 

DC Electrical Characteristics (over the commercial operating range) 

Parameter MS628128 MS628128L 

Name Parameter Test CondItIons MIN. TYP.I' ) MAX. MIN. TYP.I' ) MAX. 

VIL Guaranteed Input Low -0.3 - +0.8 -0.3 - +0.8 
Voltage(2) 

VIH Guaranteed Input High 2.2 - Vee 2.2 - Vee 
Voltaae(2) +0.3 +0.3 

IlL Input Leakage Current Vee= Max. V IN = OV to Vee -1 - 1 -1 - 1 

IOL Output Leakage Current Vee= Max. E, = VIH• or Ee = VIL• -2 - 2 -2 - 2 
or G= VIH • VIN = OV to Vee 

VOL Output Low Voltage Vee = Min. bL = 4mA - - 0.4 - - 0.4 

VOH Output High Voltage Vee = Min. bH = -1mA 2.4 - - 2.4 - -
lee Operating Power Supply Vee = Max. E1 = V IL. E2 = VIH• - - 80 - - 80 

Current 00 = OmA. F = Fmax (3) 

lecsB Standby Power Supply Vee = Max. ~ = V IH. or Ee = V IL. - - 3 - - 3 
Current loo=OmA 

leesB1 Power Down Power Vee = Max. E1 ~ Vee -D.2V. - - 1 - - 0.2 
Supply Current Ee!> 0.2V. V IN ~ Vee -D.2V or 

VIN :<0.2V 

1. Typical characteristics are at Vee = 5V. TA = 25°C. 
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. FMAX = 1~e. 

Data Retention Characteristics (1) (over the commercial operating range) 

Symbol Parameter Test CondItIons MIn. Typ.(1) 

VOR Vee for Data Retention E1 ~ Vcc-D.2V. E2!> 0.2V. 2.0 -
VIN ~ Vec-D.2V or VIN !> 0.2V 

leeo~1) Data Retention Current MS628128 I Standard - -
MS628128L I L-Version - -

leoR Chip Deselect to Data Retention 0 -
Time See Retention Waveform 

tR Operation Recovery Time tRe(2) -
1. Vee =VoR =3V 

E1 ~ VOR = 0.2V. E2 ~ VOR-D.2V or E2!> 0.2V (at E1 controlled) 
2. tRe = Read Cycle Time 

Low Vee Data Retention Waveform (1) (E1 Controlled) 

Vee ________ ---..1+-- Data Retention Mode -- ,_--------

4.5V' VOR '4.5V 

Low Vee Data Retention Waveform (2) (E2 Controlled) 

Vee---------~ Data Retention Mode 

VOR 

6-53 

Max 

5.5 

0.5 

0.1 

-

-

UNITS 

V 

V 

I1A 
I1A 

V 

V 

mA 

rnA 

mA 

UnIts 

V 

rnA 

rnA 

ns 

ns • 



MOSEL-VITELIC MS628128 

AC Test Conditions Key to Switching Waveforms 

Input Pulse levels 

Input Rise and Fall Times 

Input and Output 

Timing Reference level 

0.6Vt02.4V 

5ns 

Input: V IL = 0.8V, V IH = 2.2V 

Output VOL = 0.8V, VOH= 
2.0V 

AC Test Loads and Wavefonn 
Rl I.BK Rl I.8K 

5V o-----.AI>I'-, 

OUTPUT o--....,...----i 
R2 

l00pF 990Q I INCLUDING _ JIG AND _ 

OUTP~~R2 
5pF 990Q I INCLUDING 

.".~~; .". - SCOPE -

Figure'. Flgurelb 

Equivalent to: THEVENIN EQUIVALENT 
3960 

OUTPUT 00--"" ... ",,-,'-_0 ~ 

ALL INPUT PULSES 

3.0V~BO% ~Bo% 
GND 20% 

5ns I-- 5ns 

Fig .... 2 

WAVEFORM 

~ 
.Ill7 
m 
K 

AC Electrical Characteristics (over the commercial operating range) 

Read Cycle 

JEDEC MS628128-80 MS628128-10 

INPUTS OUTPUTS 

MUST BE WILL BE 
STEADY STEADY 

MAY CHANGE WILL BE 
FROM HTO L CHANGING 

FROMHTOL 

MAY CHANGE WILL BE 
FROML TOH CHANGING 

FROML TOH 

DONTCARE: CHANGING: 
ANY CHANGE STATE 
PERMITTED UNKNOWN 

CENTER 
DOES NOT UNEISHIGH 
APPLY IMPEDANCE 

"OFP'STATE 

MS628128-12 
Parameter Parameter MS628128l·80 MS628128l·10 MS628128L·12 

Name Name Parameter MIN. TYP. MAX, MIN. TYP. MAX. MIN. TYP. MAX Unit 
tAVAX tRC Read Cycle Time 80 - - 100 - - 120 - - ns 
tAVQV tM Address Access Time - - 80 - - 100 - - 120 ns 

tE1LQV tACSI Chip Select Access Time El - - 80 - - 100 - - 120 ns 

tE2HQV tACS2 Chip Select Access Time E2 - - 80 - - 100 - - 120 ns 

~LQV IoE Output Enable to Output Valid - - 35 - - 40 - - 50 ns 

tE1LQX !cLZI Chip Select to Output low Z El 10 - - 10 - - 10 - - ns 
tE2HOX !clZ2 Chip Select to Output low Z E2 10 - - 10 - - 10 - - ns 

~LQX IoLZ Output Enable to Output in low Z 5 - - 5 - - 5 - - ns 

tE1HQZ !cHZl Chip Deselect to Output in High Z E, - - 30 - - 35 - - 40 ns 

tE2HQZ !cHZ2 Chip Deselect to Output in High Z ~ - - 30 - - 35 - - 40 ns 

~HOZ 10HZ Output Disable to Output in High Z - - 30 - - 30 - - 40 ns 

tAXQX IoH Output Hold from Address Change 10 - - 10 - - 10 - - ns 
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MOSEL-VITELIC MS628128 

Switching Waveforms (Read Cycle) 

READ CYCLE 1 (1,2,4) 

=1J
------tRC--------~----I 

ADDRESS ~ ______________________________ ~ 

I" 'M ~~-,~~ _ 
~ tOH txxx~ X 

DoUT 

READ CYCLE 2(1,3,4) 

-5tACS2~ 
tCLZ ( ) -- ---------------------...;;;;;;.... 

DouT--------- -----------------

READ CYCLE 3(1,4) 

NOTES: 

E1 
~~~+---------------~--~----~~~~~~~ 

t (5) t ACS1 
1---- CLZ1 

DOUT ------------------------< 

1. IN is High for READ Cycle. 
2. Device is continuously selected E1 = VI~nd E2 = VIL. 
3. Address valid prior to or coincident with E1 transition low and/or E2 transition high. 
4. G =VIL. 
5. Transition is measured ± 500mV from steady state with CL = 5pF as shown in Figure 1 b. This parameter is guaranteed and not 

100% tested. 
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MOSEL-VITELIC 

AC Electrical Characteristics (over the commercial operating range) 

Write Cycle 

JEDEC 
Parameter Parameter 

Name Name Parameter 

tAVAl< twc Write Cycle Time 

tE1LWH lew Chip Select to End of Wrne 
tAVWL tAS Address Set up Time 
tAVWH tAW Address Valid to End of Write 

tWLWH twp Write Pulse Width 
tWHAl( tWR1 Write Recovery Time E1,W 

tE2LAX tWR2 Write Recovery Time ~ 
tWLOZ tWHz Write to Output in High Z 

tOVWH tow Data to Write Time Overlap 
tWHOX tOH Data Hold from Write Time 
tGHOZ 10Hz Output Disable to Output in High Z 
twHOX low End of Wrne to Output Active 

Switching Waveforms (Write Cycle) 

WRITE CYCLE 1 (1) 

MS628128-BO MS628128-10 
MS628128L-80 MS628128L-10 

MIN. TYP. MAX. MIN. TYP. MAX. 

80 - - 100 - -
60 - - 80 - -
0 - - 0 - -

60 - - 80 - -
50 - - 60 - -
5 - - 5 - -
5 - - 5 - -

- - 30 - - 35 
30 - - 40 - -
0 - - 0 - -
- - 30 - - 35 
5 - - 5 - -

~--~-----------twc------------------~ 

ADDRESS 

MS628128 

MS628128-12 
MS628128L-12 

MIN. TYP. MAX. Unit 

120 - - ns 

85 - - ns 

0 - - ns 

85 - - ns 

70 - - ns 

5 - - ns 

5 - - ns 

- - 40 ns 

45 - - ns 

0 - - ns 

- - 40 ns 

5 - - ns 

xxx 
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MOSEL-VITELIC 

Switching Wavefonns (Write Cycle) 

WRITE CYCLE 2(1,6) 

I+-------------twe--------------~ 

ADDRESS 

El 
(5) 

E2 

tew 
(11) 

W 

tAS 

DOUT 

DIN 
ft

ow 

NOTES: 
1. W must be high during address transitions. 

MS628128 

2. The internal write time 01 the memory is defined by the overlap 0lE1 and E2 active and W low. All signals must be active to 
initiate a write and anyone Signal can terminate a write by going inactive. The data input setup and hold timing should be 
relerenced to the second transition edge 01 the signal that terminates the write. 

3. T WR is measured from the earlier 01 El or W going high or E2 going low at the end 01 write cycle. 
4. During this period, DO pins are in the output state so that the input signals 01 opposite phase to the outputs must not be applied. 
5. II the El low transition or the E2 high transition occurs simultaneously with the W low transitions or after the W transition, outputs 

remain in a high impedance state. 
6. G is continuously low (G = VIL). 
7. DOUT is the same phase 01 write data 01 this write cycle. 
8. DQlJT is the read data 01 next address. 
g. II El is low and E2 is high during this period, DO pins are in the output state. Then the data input signals 01 opposite phase to the 

outputs must not be applied to them. 
10. Transition is measured ±500mV from steady state with CL = 5pF as shown in Figure 1 b. This parameter is guaranteed but not 

100% tested. 
11. lew is measured Irom the later 01 El going low or E2 going high to the end of write. 
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MOSEL·VITELIC MS628128 

Ordering Information 

SPEED ORDERING TEMPERATURE 
Ins) PART NUMBER PACKAGE REFERENCE NO. RANGE 
80 MS628128-80PC 32 Pin 600 mil DIP O·C 10 +70·C 

80 MS628128-80FC 32 Pin 525 mil SOP O·Clo +70·C 

80 MS628128L-80PC 32 Pin 600 mil DIP O·Cto +70·C 

80 MS628128L-80FC 32 Pin 525 mil SOP O·C to +70·C 

100 MS628128-10PC 32 Pin 600 mil DIP O·Cto +70·C 

100 MS628128-10FC 32 Pin 525 mil SOP O·Cto +70·C 

100 MS628128L-l0PC 32 Pin 600 mil DIP O·CIo +70·C 

100 MS628128L-l0FC 32 Pin 525 mil SOP O·C 10 +70·C 

120 MS628128-12PC 32 Pin 600 mil DIP O·CIo +70·C 

120 MS628128-12FC 32 Pin 525 mil SOP O·C10 +70·C 

120 MS628128L-12PC 32 Pin 600 mil DIP O·Cto +70·C 

120 MS628128L-12FC 32 Pin 525 mil SOP OOC10 +70·C 
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MOSEL-VITELIC MS7200n201A17202A 
256x9,512x9,1Kx9 
CMOS FIFO 

Features 
• First-ln/First-Out static RAM based dual port 

memory 
• Three densities in a x9 configuration 
• Low power versions 
• Includes empty, full, and half full status flags 
• Direct replacement for industry standard 

Mostek and lOT 
• Ultra high-speed 30 MHz FIFOs available with 

33 ns cycle times. 
• Fully expandable in both depth and width 

Descriptions 
The MS720017201 Al7202A are dual-port static 

RAM based CMOS First-ln/First-Out (FIFO) 
memories organized in nine-bit wide words. The 
devices are configured so that data is read out in 
the same sequential order that it was written in. 
Additional expansion logic is provided to allow for 
unlimited expansion of both word size and depth. 

• Simultaneous and asynchronous read and write 

The dual-port RAM array is internally sequenced 
by independent Read and Write pOinters with no 
external addressing needed. Read and write 
operations are fully asynchronous and may occur 
simultaneously, even with the device operating at 
full speed. Status flags are provided for full, empty, 
and half-full conditions to eliminate data underflow 
and overflow. The x9 architecture provides an 
additional bit which may be used as a parity or 
control bit. In addition, the devices offer a retransmit 
capability which resets the Read pointer and allows 
for retransmission from the beginning of the data. 

• Auto retransmit capability 
• TTL compatible interface, single 5V ± 10% 

power supply 
• Available in 28 pin 300 mil and 600 mil plastic 

DIP, 32 Pin PLCC and 330 mil SOG 

Pin Configurations 
28-PIN PDIP 

32-PIN PlCC 

, 4 3 2 1323130 

0, 
0, 
Do 
Xi 

Fi' • 
00 10 
0, 11 
NO ,. 
02 13 

32 PlnPLCC 
Top View 

14 15 16 17 18 19 20 

29 De 
28 '" 
'" NO 
26 FlIRT 
25 AS 
24 EF 
23 XO/HF 
22 0, 
21 De 

The MS720017201A!7202A are available in a 
range of frequencies from 10 to 30 MHz (33 - 100 ns 
cycle times). A low power version with a 500(.IA 
power down supply current is available. They are 
manufactured on Mosel-Vitelic's high performance 
1 .2/1 CMOS process and operate from a Single 5V 
power supply. 

Block Diagram 

Xi------1-~~j_--------
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MOSEL-VITELIC 
Signal Descriptions 

INPUTS: 
Data In (Do - Del 

These data inputs accept 9-bit data words for 
sequential storage in the FIFO during write 
operations. 

CONTROLS: 
Reset (RS) 

The reset input is active LOW. When asserted, 
the device is asynchronously reset, and both the 
read and write internal pointers are set to the first 
location in the FIFO. A Reset is required after 
power-up before a write operation can occur. Both 
Read Enable (R) and Write Enable (W) must be 
HIGH during Reset. 

Read Enable (R) 
The read enable input is active LOW. As long as 

the Empty Flag (EF) is not set, the read cycle is 
started on the falling edge of this signal. The data is 
accessed on a First-ln/First-Out basis, independent 
of any write activity, and is J)resented on the Data 
Output pins (00 - 08). When R goes HIGH the Data 
Output pins return to the high impedance state, and 
the read pOinter is incremented. When the FIFO is 
empty or all of the data has been read, the Empty 
Flag will be set and further read operations are 
inhibited until a valid write operation has been 
performed. 

Write Enable (W) 
The write enable input is active LOW. As long as 

the Full Flag (FF) is not set, the write cycle is started 
on the falling edge of this signal. The data present 
on the Data Input pins (DO - 08) is stored 
sequentially, independent of any read activity. 
When W goes HIGH the write cycle is terminated 
and the write pointer is incremented. When the 
maximum capacity of the FIFO has been reached 
the Full Flag will be set, and further write operations 
are inhibited until a valid read operation has been 
performed. 

Expansion In (XI) 
This input pin serves two purposes. When 

grounded, it indicates that the device is being 
operated in the Single device mode. In Depth 
Expansion mode, this-I&n is connected to the 
Expansion Out Output (XO) of the previous device. 

7-2 
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First Load/Retransmit (FLIRT) 
This is a dual-purpose !!:!put. In single device 

mode (when Expansion In (XI) is grounded) this pin 
acts as the retransmit input. A LOW pulse on this 
will reset the read pOinter to the first memory 
location ofthe FIFO. The write pointer is unaffected. 
Both the read enable (R) and write enable (W) 
inputs must remain HIGH during the retransmit 
cycle. 

In Depth Expansion mode this pin acts as a first 
load indicator. It must be grounded on the first 
device in the chain to indicate which device is the 
first to receive data. 

OUTPUTS: 
Data Output (00 - Qel 

A 9 bit data word from the FI FO is output on these 
pins during read operations. They are in the high 
impedance state whenever R is HIGH. 

Empty Flag (EF) 
This output is active LOW. When all of the data 

has been read from the FIFO (defined as when the 
Read pointer is one location behind the Write 
pointer) this flag will be set. The Data Output pins 
will be forced into the high impedance state, and all 
further read operations will be inhibited until a valid 
write operation has been performed (which will 
reset this flag). 

Full Flag (FF) 
This output is active LOW. To prevent data 

overflow, when the maximum capacity of the FIFO 
has been reached (defined as when the Write 
pointer is one location behind the Read pointer) this 
flag will be set. All further write operations will be 
inhibited until a valid read operation has been 
performed (which will reset this flag). 

Expansion Out/Half Full Flag (XO/HF) 
This dual-purpose output is active LOW. In single 

device mode (when Expansion In (XI) is grounded) 
this flag will be set at the falling edge of the next 
write operation after the FIFO has reached one-half 
of its maximum capacity. This flag will remain set as 
long as the difference between the read pOinter and 
the write pointer is greater than one-half of the 
maximum capacity of the FIFO. 

In Depth Expansion mode, this output is 
connected to the Expansion In Input of the next 
device in the chain. The Expansion Out pin 
provides a pulse to the next device in the chain 
when the last memory location has been reached. 



MOSEL-VITELIC 
Absolute Maximum Ratingsl1} 

MS7200n201An202A 
Operating Range 

Symbol Parameter Condition Unit 
Ranae 

Ambient 
TemDel"8ture Vee 

VTERM Terminal Voltage with -0.5 to +7.0 V Commercial o·Cto + 70·C 5V±10% 
Repect to GND 

TBIAS Temperature Under Bias -10 to +125 ·C 

TSTG Storage Temperature -60 to +150 ·C 

PT Power Dissipation 1.0 W 

lOUT DC Output Current 20 rnA 

1. 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 sections of this specification is 
not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

Capacitance/1} T A = 25°C, f = 1.0MHz 

Symbol Parameter Condition Max. 

C IN Input Capacitance VIN =OV 4 

Co Output Capacitance VDQ =OV 6 

DC Electrical Characteristics (over the commercial operating range) 
MS7200n201 A MS7200n201A 

7202A 7202A 
Parameter (-25, -35) (-50, -SO) 

Unit 

pF 

pF 

Name Parameter Test Conditions Min. Typ. Max. Min. Typ. Max. Units 
VIL InPut Low Vo~ge - - O.B - - O.B V 
VIH InPut High Voltage 2.0 - - 2.0 - - V 
IlL Input Leakage Current Vee= Max, V IN = OVIo Vee -1 1 -1 1 I1A 

IOL Oulout Leakaae Current V r.c= Max, R= VIH' VIN = OV toVec -10 10 -10 10 I1A 
VOl 10000ut Low Voltaoe Vee = Min, br = BmA - - 0.4 - - 0.4 V 

VOH OutDut Hioh VoRaoe Vr.c = Min, h" = -2mA 2.4 - - 2.4 - - V 

leel Operating Power Supply Current Vee· Max, 11/0 - OmA, F - F max - - 125 - 50 BO mA 

IC02 Average Standby Current Vee = Max, R=W=RS= FLlRT- - - 15 - 5 B mA 

VIH' 

1110 = OmA 
ICCSBCS) Power D()wn Power Supply Vee = Max, R = W= RS = FLIRT> - - 5 - - 5 rnA 

Current (Standard Power) Vcc-O.2V, V,N > Vrr.O.2V or V IN < 0.2\ 
ICCSBCL) Power Down Power Supply Vee = Max, R = W= RS = FLI RT> - - 500 - - 500 IiA 

Current (Low Power) Verr-O.2V, VIN > Vc=O.2V or V IN < 0.2\ 

Truth Tables 
Single Device ConfigurationIWldth Expansion Mode 

Mode Inputs Internal Status Outputs 

RS RT XI Read POinter Write POinter EF FF HF 
Reset 0 X 0 Location Zero Location Zero 0 1 1 

Retransm~ 1 0 0 Location Zero Unchan!ied X X X 

ReadlWrite 1 1 0 Incrernent<l) Increment<l) X X X 
NOTE: 
1. Pointer will increment il flag is high. 

Depth Expansion/Compound Expansion Mode 

Mode Inputs Internal Status Outputs 

RS FL XI Read POinter Write Pointer EF FF 
Reset-First Device 0 0 (1) Location Zero Location Zero 0 1 

Reset aU Other Devices 0 1 (1) Location Zero Unchanoed 0 1 

ReadlWrite 1 X (1) X X X X 

NOTE: 
1. XI is connected to XO of previous device. See Figure 15. 

AS = Reset Input. FURT = First Load/Retransmit. EF = Empty Flag Output. FF Full Flag Output. XI = Expansion Input. 
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MOSEL-VITELIC MS7200n201An202A 
AC Electrical Characteristics (over the commercial operating range) 

MS7200-25 MS7200-35 MS~O MS7~ 

MS7201A·25 MS7201A-35 MS7201A·50 MS7201A-80 
Parameter MS7202A·25 MS7202A·35 MS7202A·50 MS7202A-80 

Name Parameter Min. Max. Min. Max. Min. Max. Min. Max. Units 
La Shift FrequencrL - 30 - 22.2 - 15 - 10 MHz 

Read Cycle 

tRC Read Cycle Time 33 - 45 - 65 - 100 - ns 
t Access Time - 25 - 35 - 50 - BO ns 
tRPW Read Pulse Width 25 - 35 - 50 - BO - ns 
tRR Read Recovery Time B - 10 - 15 - 20 - ns 
tR,i') Read Pulse Low to Data Bus at Low Z 5 - 5 - 10 - 10 - ns 
tRHi2 •3 ) Read Pulse High to Data Bus at High Z - lB - 20 - 30 - 30 ns 
tOY Data Valid from Read Pulse Hioh 5 - 5 - 5 - 5 - ns 

Write Cycle 

twe Write Cvcle Time 33 - 45 - 65 - 100 - ns 
tW""/') Write Pulse Width 25 - 35 - 50 - BO - ns 
tWR Write Recovery Time B - 10 - 15 - 20 - ns 
tnR Data Setup Time 15 - lB - 30 - 40 - ns 
tDH Data Hold Time 0 - 0 - 5 - 10 - ns 
tWLZ'<·O) WrHe Pulse Hiah to Data Bus at Low Z 5 - 10 - 15 - 20 - ns 

Flag Timing 

tREF Read Low to Empty Flag Low - 25 - 30 - 45 - 60 ns 
tRHF Read Hiah to Half Full Flaa Hiah - 33 - 45 - 65 - 100 ns 
tRFF Read Hioh to Full Flaa H~h - 25 - 30 - 45 - 60 ns 
tWEF Write Hiah to Empty Flaa Hiah - 25 - 30 - 45 - 60 ns 
tWFF Write Low to Full Flaa Low - 25 - 30 - 45 - 60 ns 
tWHF Write Low to HaW Full Flaa Low - 33 - 45 - 65 - 100 ns 
tRPE Read Pulse Width After EF High 25 - 35 - 50 - 80 - ns 
tWPF Write Pulse Width After FF High 25 - 35 - 50 - 80 - ns 

Reset Timing 

tRSC Reset Cvcle Time 33 - 45 - 65 - 100 - ns 
tRR") Reset Pulse Width 25 - 35 - 50 - 80 - ns 
~RSS Reset Set Up Time 25 - 35 - 50 - 80 - ns 
tRSR Reset Recovery Time 8 - 10 - 15 - 20 - ns 
tEF, Reset to Empty Flaa Law - 33 - 45 - 65 - 100 ns 
tHFH Reset to Half Full Flag High - 33 - 45 - 65 - 100 ns 
tFF~ Reset to Full Flaa Hiah - 33 - 45 - 65 - 100 ns 

Retransmit Timing 

tRTC Retransmit Cvcle Time 33 - 45 - 65 - 100 - ns 
tAT") RetransmH Pulse Width 25 - 35 - 50 - 80 - ns 
tRTS Retransmit Set up Time 25 - 35 - 50 - 80 - ns 
tATR Retransmit Recovery Time 8 - 10 - 15 - 20 - ns 

Expansion Timing 

txo, ReadlWrite to XO Low - 25 - 35 - 50 - 80 ns 
tXOH ReadIWme to XO High - 25 - 35 - 50 - 80 ns 
tx, XI Pulse Width 25 - 35 - 50 - 80 - ns 
Ix,S XI Set up Time 15 - 15 - 15 - 15 - ns 
tXIR XI Recovery Time 8 - 10 - 10 - 10 - ns 

NOTES: 
1. Pulse widths less than minimum value are not allowed. 
2. Values guaranteed by design, not currently tested. 
3. Only applies to read data flow-through mode. 
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MOSEL-VITELIC 
AC Test Conditions 

Input Pulse Levels 

Input Rise and Fall Times 

Timing Reference Level 

OV-3.0V 

5 ns 

1.5V 

AC Test Loads and Waveforms 

R14801l R1480!l 
5V o------N.,..., 

OUTPUT 0--.....,----+ 
5Vo------.foI'.,..., 

OUTPUT 0--.....,----+ 

I 30pF ~5!l 
INCLUDING 

_ JIG AND _ 
- SCOPE -

5pF ~Il I INCLUDING 
_ JIG AND _ 
- SCOPE -

Figure 18 Figure 1b 

Equivalent to: 
THEVENIN EQUIVALENT 

1671l 
OUTPUT O ........ --.", ....... I'--.()O 1.73V 

ALL INPUT PULSES 

GND~O% 10% 3.0V~0%~ 
5ns I-- 5ns 

Figure 2 

Timing Waveforms 

RESET ~----------- tR~ 

RS------'~--------

MS720017201A17202A 
Key to Switching Waveforms 

WAVEFORM INPUTS OUTPUTS 

MUST BE WILL BE 
STEADY STEADY 

~ 
MAY CHANGE Will BE 
FROMHTOl CHANGING 

FROM HTOl 

.Ill7 MAY CHANGE Will BE 
FROMl TOH CHANGING 

FROMl TOH 

m DON'T CARE: CHANGING: 
ANY CHANGE STATE 
PERMITTED UNKNOWN 

K 
CENTER 

DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

·VFp· STATE 

w~~~~~------------------~--~ 

HF,FF~~~~~~~~~~---------+-----------------------

ASYNCHRONOUS READ OPERATION 

R--~ 

QO.o8------{ 
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MOSEL-VITELIC MS7200n201An202A 
Timing Waveforms 

ASYNCHRONOUS WRITE OPERATION 

I-----twc-------i 

twPW--.ro-

j;:tos tOH :j 
____ ~'I' WRITE '11>-_--« WRITE )>--_ 

00-08 \ DATA VALID I DATA VALID 

RETRANSMIT 

t ATC 

tAT 

tATS 

R.W XXXXX/1 
-tATA -----

EMPTY FLAG TIMING 

w--.... 

EF---------------------------~-JI 

7-6 
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MOSEL-vrrELlC 
Timing Waveforms 

FULL FLAG TIMING 

R--_ 

MS720017201A17202A 

FF-----------------------~-J 

W 

HALF-FULL FLAG TIMING 

HALF FULL MORE THAN -
OR LESS HALF-FULL 

W 

'" 
4- t WHF ---

FULL FLAG FROM LAST WRITE TO FIRST READ 

LAST WRITE FIRST READ 

'\.....; 

-
'""" LJ 
--- tWFF +- ....... tRFF +-

7-7 

tWPF : EFFECTIVE WRITE PULSE 
WIDTH AFTER FULL FLAG HIGH 

HALF FULL -
OR LESS 

~tRHF-

} 

V-

ADDITIONAL FIRST WRITE 
READS 

• 



MOSEL-VITELIC 
Timing Waveforms 

EMPTY FLAG FROM LAST READ TO FIRST WRITE 

MS7200n201A17202A 

LAST READ FIRST WRITE ADDITIONAL FIRST READ 
WRITES 

I,----+~ r~------------w ~-------------+~ 

EF -+-+""'"\.1 

DATA OUT 

READ DATA FLOW-THROUGH MODE 

W ---+--------.. 

R 
~~~~----------~----+_-----J 

EF---~----------------~~J 

DATAOUT --+--------------+o"{~D --..;;;:.;...---' 

WRITE DATA FLOW-THROUGH MODE 

R------... I 

W~~~-+-__________ ~----+------J 

FF-------+-----------~---JI 

DATAIN _____ 4 __________________ -f~OA~TA~~ 
-~. t: tos --I 

DATA OUT -----....;..-QQS.XOATAOUT VAUIXZZ)---------
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MOSEL .. VITELIC 
Timing Waveforms 

EXPANSION IN 

XI 

w--- WRITE TO 
FIRST PHYSICAL 

LOCATION 

EXPANSION OUT 

WRITE TO 
W"-"I LAST PHYSICAL 

LOCATION 

R 

AfS7200n201A17202A 

READ FROM 
FIRST PHYSICAL 

LOCATION 

READ FROM 
LAST PHYSICAL 

LOCATION 

XO H~~ ~'~I 'l '1-
Operating Modes: 

(Note: The7201 A is used as example - these 
figures apply to all three devices, MS720017201 AI 
7202A 

HALF FULL FLAG (HF) 

(W) __ -,W,;..:.R:;,,:IT;::..E_--I 

(00-08) __ ,;;;.;.;.;.;.;;.; 

MS 

Single Device Mode 
When one MS7201 A is used standalone in Single 

Device Mode, the Expansion In (XI) control input 
pin must be grounded. See Figure 3. 

READ iR) • 

DATA OUT (Q0.08) 

720lA 
EMPTY FLAG (fF) 

(RS) __ ...:.R;::;ES:;::ET"--_-t RETRANSMIT iAT) 

EXPANSION IN Xi 

Figure 3. Single Device Mode 
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MOSEL-VITELIC 
Width Expansion Mode 

Word width may be expanded by connecting the 
corresponding control input signals of multiple 
devices together. The EMPTY, HALF FULL and 
FULL FLAGS (EE, HF and FF) can be detected by 

MS7200fl201Afl202A 

any particular device. Figure 4 shows an 18 bit wide 
configuration using two devices. They may be 
configured to any word width in this manner. 

HALF FULL FLAG (HF) 

(D) (HF) HALF FULL FLAG lAS 
7201A 

fWl READ <A) 
FULL FLAG BITS 

18') IFF) 0-8 BITS EMPlY FLAG 

(Rs) 
&-17 

RETRANSMIT (AT) RESET 

MS Xi 7201A (Q) 

NOTES: 
Figure 4. Width Expansion Mode 

Flag detection is accomplished by monitoring the EF. HF and EF pins on the device used in 
the Width Expansion Mode. Do not connect output control signals together. 

Depth Expansion (Daisy Chain) Mode 
Word depths may be expanded in multiples of 

512 words by Daisy Chaining the devices together 
as follows: 
1. The FIRST LOAD (FL) control signal of the first 

device must be grounded. This FIFO repre
sents word 1-512. 

2. All other devices in the Daisy Chain must have 
the FIRST LOAD (FL) control signal tied to Vee 
in the inactive-high state. 

w---_----:~ 

3. The EXPANSION OUT (XO) pin of each device 
must be connected to the EXPANSION IN (XI) 
pin of the next device as shown in Figure 5. 

4. External logic is reg!!!red to generate a com-=
man FULL FLAG (FF) and EMPTY FLAG (EF) 
signal by ORing all of the FFs together and 
ORing all of the EFs .!Qgether. 

5. The RETRANSMIT (RT) fuction and HALF 
FULL FLAG (HF) are not available in Daisy 
Chain Mode. 

Q 

Figure 5. Diagram of a 1536 x 9 FIFO in Depth Expansion Mode 
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MOSEL-VITELIC 
Bidirectional Mode 

MS720017201A17202A 

Data buffering between two systems can be 
achieved by pairing two FIFO arrays as shown in 
Figure 6. This allows each system to READ and 
WRITE shared data. The FULL FLAG (FF) must be 
monitored on the FIFO where WRITE ENABLE (W) 
is used and the EMPTY FLAG (EF) must be 
monitored on the FIFO where READ ENABLE (R) is 
used. Both Width Expansion and Depth Expansion 

Modes may be used in combination with 
Bidirectional Mode. 

Ordering Information 

Speed INs) 
25 
25 MS7200-2SNC 
2S MS7200-25JC 
25 MS7200-2SFC 
35 
3S MS7200-35NC 

3S MS7200-35JC 
35 MS7200-35FC 

SO 
50 MS7200-50NC 

SO MS7200-S0JC 
50 MS7200-50FC 

80 
80 MS7200-80NC 

80 MS7200-80JC 
80 MS7200-80FC 

Compound Expansion Mode: 
Both Width Expansion Mode and Depth 

Expansion (Daisy Chain) Mode can be used 
together to configure a large FIFO array (See 
Figure 4 and 5). 

'iiA -----.j 
fFA ------1 

MS7201 

1------- RB 
1--------8'B 
I--------"'B 

SYSTEM A SYSTEM B 

MS7201 

RA -----.. "'>----- We 
EFA ------1 1------ FFe 
"'A ------L ____ -1 

Figure 6. BIDirectional FIFO Mode 

Ordering Part Number!') Package Reference No. 
MS7201A-25PC MS7202A-25PC 28 Pin Plastic DIP - 600 mil 
MS7201A-2SNC MS7202A-2SNC 28 Pin Plastic DIP - 300 mil 
MS7201A-25JC MS7202A-2SJC 32 Pin Plastic PLCC 
MS7201 A-2SFC MS7202A-2SFC 28 Pin Small Outline - 330 mil 
MS7201A-35PC MS7202A-3SPC 28 Pin Plastic DIP - 600 mil 
MS7201A-35NC MS7202A-3SNC 28 Pin Plastic DIP - 300 mil 
MS7201A-35JC MS7202A-35JC 32 Pin Plastic PLCC 
MS7201 A-3SFC MS7202A-35FC 28 Pin Small Outline - 330 mil 
MS7201 A-SOPC MS7202A-SOPC 28 Pin Plastic DIP - 600 mil 
MS7201A-50NC MS7202A-SONC 28 Pin Plastic DIP - 300 mil 
MS7201A-50JC MS7202A-SOJC 32 Pin Plastic PLCC 
MS7201A-50FC MS7202A-SOFC 28 Pin Small Outline - 330 mil 
MS7201 A-80PC MS7202A-80PC 28 Pin Plastic DIP - 600 mil 
MS7201A-80NC MS7202A-80NC 28 Pin Plastic DIP - 300 mil 
MS7201A-80JC MS7202A-8OJC 32 Pin Plastic PLCC 
MS7201A-80FC MS7202A-80FC 28 Pin Small Outline - 330 mil 

Temperature 
Range 

O°Cto +70°C 
O°Cto +70°C 
O°Cto +70·C 
O·Cto +70·C 
O·Cto +70·C 
O·Cto +70·C 
O·Cto +70·C 
O·Cto +70·C 
O·Cto +70·C 
O·C to +70°C 
O·C to +70·C 

O·Cto +70°C 
O·Cto +70·C 
O·Cto +70·C 
O·Cto +70·C 
O·Cto +70·C 

(1) For the low power version, add L after part number and before dash information. For example, MS7200L-25PC. 
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AfOSEL-VITELlC 

Features 

MS720317204 
2Kx9,4Kx9 
CMOS FIFO 

• First-lnlFirst-out static RAM based dual port 
memory 

• Two densities (2K and 4K) in a x9 
configuration 

• Low power versions 
• Includes empty, full, and half full status flags 
• Direct replacement for industry standard lOT 

plus 300 mil DIP and 330 mil SOG 
• Ultra high-speed 33 MHz FIFOs available 

with 30 ns cycle times. 
• Fully expandable in both depth and width 
• Simultaneous and asynchronous read 

and write 
• Auto retransmit capability 
• TIL compatible interface, single 5V ± 10% 

power supply 
• Available in 28 pin 300 mil and 600 mil plastiC 

DIP, 28 Pin 330 mil SOG and 32 Pin PLCC 

Pin Configuration 
28-PIN PDIP & SOG 

Description 
The MS7203/7204 are dual-port static RAM 

based CMOS First-ln/First-Out (FIFO) memories 
organized in nine-bit wide words. The devices are 
configured so that data is read out in the same 
sequential order that it was written in. Additional 
expansion logic is provided to allow for unlimited 
expansion of both word size and depth. 

The dual-port RAM array is internally sequenced 
by independent Read and Write pointers with no 
external addressing needed. Read and write 
operations are fully asynchronous and may occur 
simultaneously, even with the device operating at 
full speed. Status flags are provided for full, empty, 
and half-full conditions to eliminate data underflow 
and overflow. The x9 architecture provides an 
additional bit which may be used as a parity or 
control bit. In addition, the devices offer a retransmit 
capability which resets the Read pOinter and allows 
for retransmission from the beginning of the data. 

The MS7203n204 are available in a range of 
frequencies from 10 to 33 MHz (30 - 100 ns cycle 
times). A low power version with a 500JjA power 
down supply current is available. They are 
manufactured on Mosel-Vitelic's high performance 
CMOS process and operate from a single 5V power 
supply. 

Block Diagram 

DATA INPUTS (QO-08) 

Vi 

32-PIN PlCC 

SSI~!i ~i'fl!l R 
4321323130 AS 

Do • 29 Os FL/Ar 
D, 8 ,. 

'" EF '?!! 7 :0 NO 
XI 8 32 Pin PLCC .. FL/iIT HF 

Fi' • TopY .. 25 iiS FF 
QO 10 24 EF 
Q, 11 .. iQ/Hi" -Vee 
NC 14 22 '" "-GND 
Q, 13 21 poa 

1415181718 1920 Xi Xci 
a8~i~J(f 

" 
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MOSEL-VITELIC 
Signal Descripnons 

Inputs: 

Data In (Do - Os) 
These data inputs accept 9-bit data words for 

sequential storage in the FIFO during write 
operations. 

Controls: 

Reset (RS) 
The reset input is active LOW. When asserted, 

the device is asynchronously reset, and both the 
read and write internal pOinters are set to the first 
location in the FIFO. A Reset is required after 
power-up befor~ a write operation can ....Q.ccur. Both 
Read Enable (R) and Write Enable (W) must be 
HIGH during Reset. 

Read Enable (R) 
The read enable input is active LOW. As long as 

the Empty Flag (EF) is not set, the read cycle is 
started on the falling edge of this signal. The data is 
accessed on a First-ln/First-Out basis, independent 
of any write activity, and is presented on the Data 
Output pins (00 - 08). When R goes HIGH the Data 
Output pins return to the high impedance state, and 
the read pointer is incremented. When the FIFO is 
empty or all of the data has been read, the Empty 
Flag will be set and further read operations are 
inhibited until a valid write operation has been 
performed. 

Write Enable (W) 
The write enable input is active LOW. As long as 

the Full Flag (FF) is not set, the write cycle is started 
on the falling edge of this signal. The data present 
on the Data Input pins (DO - 08) is stored 
sequentially, independent of any read activity. 
When W goes HIGH the write cycle is terminated 
and the write pointer is incremented. When the 
maximum capacity of the FIFO has been reached 
the Full Flag will be set, and further write operations 
are inhibited until a valid read operation has been 
performed. 

Expansion In (XI) 
This input pin serves two purposes. When 

grounded, it indicates that the device is being 
operated in the Single device mode. In Depth 
Expansion mode, this....Q!n is connected to the 
Expansion Out Output (XO) of the previous device. 

7-13 
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First Load/Retransmit (FLIRT) 
This is a dual-purpose .!m>ut. In single device 

mode (when Expansion In (XI) is grounded) this pin 
acts as the retransmit input. A LOW pulse on this 
will reset the read pointer to the first memory 
location ofthe FIFO. The write pointer is unaffected. 
Both the read enable (R) and write enable (W) 
inputs must remain HIGH during the retransmit 
cycle. 

In Depth Expansion mode this pin acts as a first 
load indicator. It must be grounded on the first 
device in the chain to indicate which device is the 
first to receive data. 

Outputs: 

Data Output (00 - Qal 
A 9 bit data word from the FIFO is output on these 

pins during read operationl!:.. They are in the high 
impedance state whenever R is HIGH. 

Empty Flag (EF) 
This output is active LOW. When all of the data 

has been read from the FIFO (defined as when the 
Read pOinter is one location behind the Write 
pOinter) this flag will be set. The Data Output pins 
will be forced into the high impedance state, and all 
further read operations will be inhibited until a valid 
write operation has been performed (which will 
reset this flag). 

Full Flag (FF) 
This output is active LOW. To prevent data 

overflow, when the maximum capacity of the FIFO 
has been reached (defined as when the Write 
pOinter is one location behind the Read pointer) this 
flag will be set. All further write operations will be 
inhibited until a valid read operation has been 
performed (which will reset this flag). 

Expansion Out/Half Full Flag (XO/HF) 
This dual-purpose output is active LOW. In single 

device mode (when Expansion In (XI) is grounded) 
this flag will be set at the falling edge of the next 
write operation after the FIFO has reached one-half 
of its maximum capacity. This flag will remain set as 
long as the difference between the read pOinter and 
the write pointer is greater than one-half of the 
maximum capacity of the FIFO. 

In Depth Expansion mode, this output is 
connected to the Expansion In Input of the next 
device in the chain. The Expansion Out pin 
provides a pulse to the next device in the chain 
when the last memory location has been reached. 

• 



MOSEL-VITELIC 
Absolute Maximum Ratings/f} 

MS720317204 

Symbol Parameter Condition Unit 

Operating Range 

Ral'lge 
Ambient 

Temperature Vee 
VTERM Terminal Voltage with -0.5 to +7.0 V Commercial O·Clo+ 70·C 5V±10% 

Repect to GND 
TBIAS Temperature Under Bias -10 to +125 ·C 

TSTG Storage Temperature -60 to +150 ·C Capacitance/f} T A = 25°C, f = 1.0MHz 

PT Power Dissipation 1.0 W 

lOUT DC Output Curren! 20 rnA 

1. 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 sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect reliability. 

Symbol Parameter 

C IN Input Capacitance 

Co Output Capacitance 

DC Electrical Characteristics (over the commercial operating range) 

Parameter 

Name Parameter Test Conditions 
VIL Input Low Voltage 
VIH Input High Voitaae 

IlL Input Leakage Current Vcc·Max, V IN=OVtoVcc 

IOL Output Leakage Current Vee = Max, As VIH, VIN = OVtoVee 
Voc Output Low Voltaae Vee = Min, b = SmA 
VnH Output Hiah Voltaae Vee = Min, b. = -2mA 

Icc1 Operating Power Supply Current Vcc= Max, 1110 = DmA, F = Fmax 

1CC2 Average Standby Current Vee = Max, R = W= RS = FLI RT= V IH, 
Iuo= OrnA 

lecsBlsl Power Down Power Supply Vcc = Max, R = W = RS = FL I RT> Vec-D.2V, VIN , 
Current (Standard Power) VccO.2Vor VIN < 0.2V 

ICCS8(LI Power Down Power Supply Vee = Max, R = W= RS = FLI RT> Vcc-o.2V, VIN 
Current (Low Power) Vr:r:-o.2V or VIN < 0.2V 

Truth Tables 

Single Device ConfiguationlWidth Expansion Mode 

Mode Inputs Internal Status 

Condition Max. 

VIN=OV 4 

VOQ =OV 6 

MS7203, MS7204 
(-20, -25, -35, -50, -80) 

Min. TyP. Max. 
- - O.S 

2.0 - -
-1 1 

-10 10 

- - 0.4 

2.4 - -
- - 125 

- - 15 

- - S 

- - 2 

OUtputs 

Unit 

pF 

pF 

Units 
V 
V 

IIA 
!LA 
V 

V 

mA 

mA 

mA 

rnA 

RS RT XI Reed Pointer Write Pointer EF FF HF 

Reset 0 X 0 Location Zero Location Zero 0 1 1 

Retransmit 1 0 0 Location Zero Unchanged X X X 

ReadlWrite 1 1 0 Increment<1) Increment(1 ) X X X 
NOTE: 
1. Pointer will increment if flag is high. 

Depth Expansion/Compound Expansion Mode 

Mode Inputs Internal Status Outputs 

RS FL XI Reed Pointer Write Pointer EF FF 

Reset-First Device 0 0 (1) Location Zero Location Zero 0 1 

Reset all Other Devices 0 1 (1) Location Zero Unchanaed 0 1 

ReadlWrite 1 X (1) X X X X 

NOTE: 
1. Xi is connected to XO of previous device. See Figure 5. 

RS = Reset Input. FURT = First Load/Retransmit. EF = Empty Flag Output. FF = Full Flag Output. Xi = Expansion Input. 
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MOSEL-VITELIC MS720317204 

AC Electrical Characteristics (over the commercial operating range) 

MS7203-20 MS7203-25 MS7203-35 MS7203-50 MS7203-80 
Parameter MS7204-20 MS7204-25 MS7204-35 MS7204-50 MS7204-80 

Name Parameter Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Units 

fs Shift Frequency - 33 - 28 - 22.2 - 15.3 - 10 MHz 

Read Cycle 

tRe Read Cycle Time 30 - 35 - 45 - 65 - 100 - ns 
tA Access Time - 20 - 25 - 35 - 50 - 80 ns 

tRPW Read Pulse Width 20 - 25 - 35 - 50 - 80 - ns 

tRR Read Recovery Time 10 - 10 - 10 - 15 - 20 - ns 
tmi<' Read Pulse Low to Data Bus at Low Z 5 - 5 - 5 - 10 - 10 - ns 

tRHZ<'·' Read Pulse High to Data Bus at High Z - 15 - 15 - 20 - 30 - 30 ns 

tov Data Valid from Read Pulse High 5 - 5 - 5 - 5 - 5 - ns 
Write Cycle 

twe Write Cycle Time 30 - 35 - 45 - 65 - 100 - ns 
tWPI'J' , Write Pulse Width 20 - 25 - 35 - 50 - 80 - ns 

tWR Write Recovery Time 10 - 10 - 10 - 15 - 20 - ns 
tos Data Setup Time 10 - 10 - 18 - 30 - 40 - ns 
tOH Data Hold Time 0 - 0 - 0 - 5 - 10 - ns 
twLZ(2,3, Write Pulse High to Data Bus at Low Z 10 - 10 - 10 - 15 - 20 - ns 

Flag Timing 

tREF Read Low to Empty Flag Low - 25 - 25 - 30 - 45 - 60 ns 

tRHF Read High to Half Full Flag High - 30 - 35 - 45 - 65 - 100 ns 

tRFF Read High to Full Flag High - 25 - 25 - 30 - 45 - 60 ns 

tWEF Write High to Empty Flag High - 25 - 25 - 30 - 45 - 60 ns 

tWFF Write Low to Full Flag Low - 25 - 25 - 30 - 45 - 60 ns 

tWHF Write Low to Half Full Flag Low - 30 - 35 - 45 - 65 - 100 ns 

tRPE Read Pulse Width After EF High 20 - 25 - 35 - 50 - 80 - ns 

tWPF Write Pulse Width After FF High 20 - 25 - 35 - 50 - 80 - ns 
Reset Timing 

tRse Reset Cycle Time 30 35 45 65 100 ns 
tRS(" Reset Pulse Width 20 - 25 - 35 - 50 - 80 - ns 
tRSS Reset Set Up Time 25 - 30 - 35 - 50 - 80 - ns 
tRSR Reset Recovery Time 10 - 10 - 10 - 15 - 20 - ns 

tEFL Reset to Empty Flag Low - 30 - 35 - 45 - 65 - 100 ns 

tHFH Reset to Half Full Flag High - 30 - 35 - 45 - 65 - 100 ns 
tFFH Reset to Full Flag High - 30 - 35 - 45 - 65 - 100 ns • Retransmit Timmg 

tRTe Retransmit Cycle Time 30 - 35 - 45 - 65 - 100 - ns 
tRT\I, Retransmit Pulse Width 20 - 25 - 35 - 50 - 80 - ns 

tRTS Retransmit Set up Time 25 - 30 - 35 - 50 - 80 - ns 
tRTA Retransmit Recovery Time 10 - 10 - 10 - 15 - 20 - ns 

ExpanSion Tlmmg 

tXOL ReadIWrite to XO Low - 20 - 25 - 35 - 50 - 80 ns 
tXOH ReadIWrite to XO High - 20 - 25 - 35 - 50 - 80 ns 

tXI XI Pulse Width 20 - 25 - 35 - 50 - 80 - ns 

txls XI Set up Time 10 - 10 - 15 - 15 - 15 - ns 

tXIR XI Recovery Time 10 - 10 - 10 - 10 - 10 - ns 

NOTES: 
1. Pulse widths less than minimum value are not allowed. 3. Only applies to read data flow-through mode. 
2. Values guaranteed by design, not currently tested. 
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MOSEL-VITELIC 
AC Test Conditions 

Input Pulse Levels 

Input Rise and Fall Times 

Timing Reference Level 

OV-3.0V 

5ns 

1.5V 

AC Test Loads and Waveforms 
Rl480U Rl48011 

5V o-----oIW'..., 
OU~To--~----t 

5V o-----oIW'..., 
OUTPUT o--~----t 

30pF R2 I INCLUDING 25&l 

~~tf ~ 

5pF ~ I INCLUDING 
_ JIG AND _ 
- SCOPE -

Figure 1. FIg .... 1b 

Equiyalent to: 
THEVENIN EQUIVALENT 

16711 
OUTPUT 0--...... '01\ ... ,....· ---<0 1.73V 

ALL INPUT PULSES 

3.0V~ 
GND 10% 10% 

5ns ~ 5ns 

Flgu..,Z 

Timing Waveforms 

RESET 1+------- tRsc ------+1 

RS------'~--------

w~~~~~------------------~--~ 

MS720317204 
Key to Switching Waveforms 

WAVEFORM INPUTS OUTPUTS 

MUST BE WILL BE 
STEADY STEADY 

~ 
MAY CHANGE WILL BE 
FROMHTOL CHANGING 

FROMHTO L 

.IZ!7 MAY CHANGE WILL BE 
FROML TOH CHANGING 

FROML TOH 

ZZX DON"TCARE: CHANGING: 
ANY CHANGE STATE 
PERMITTED UNKNOWN 

K 
CENTER 

DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

'OFP'STATE 

HF,FF~~~~~~~~~n----------+-----------------------

II' 

ASYNCHRONOUS READ OPERATION 

R---_ 

aO-Q8-----o( 
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Timing Waveforms 

ASYNCHRONOUS WRITE OPERATION 

I+-----twc ------+I 

twpw---+i-o----

W 

!rtDS -tDH ::j 

MS720317204 

'/ WRITE 'I: '/ WRITE ) 
DO-D8------<\. DATA VALID />----<\. DATA VALID )----

RETRANSMIT 

tRTC 

FLIRT tAT 

tATS 

R,W XXXXX)'] 
I+-- tRTA --. 

EMPTY FLAG TIMING 

W--_ 

EF-----------------~-' 
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tRPE: EFFECTIVE READ PULSE 
WIDTH AFTER EMPTY FLAG HIGH 
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Timing Waveforms 

FULL FLAG TIMING 

R --"" 

MS720317204 

FF--------------------------~-J 

HALF-FULL FLAG TIMING 

HALF FU L MORE TH N - L A 
OR LESS HALF-FULL 

\. 

~tWHF-

I\. 

FULL FLAG FROM LAST WRITE TO FIRST READ 

I 
LAST WRITE FIRST READ 

\_.l 

w - h '--./ 
-- tWFF +- -- tRFF I+-

FF 
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tWPF : EFFECTIVE WRfTE PULSE 
WIDTH AFTER FULL FLAG HIGH 

F L HALF- UL 
OR LESS 

-tRHF -

} 

}Ir-

ADDITIONAL FIRST WRITE 
READS 
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Timing Waveforms 

EMPTY FLAG FROM LAST READ TO FIRST WRITE 

LAST READ FIRST WRITE ADDITIONAL 
WRITES 

FIRST READ 

W-+--- Ir---h. ~------

EF-I-I-"I 

DATA OUT 

READ DATA FLOW-THROUGH MODE 

DATA IN 

W--+---" 

EF-~--------------------------------~~JI 

DATAOOT-~--------~~~~ 
'--"";;';;';"""..J 

WRITE DATA FLOW-THROUGH MODE 

Fi---'\.I 

W~~~~ _____ -+ ___ +-___ JI 

FF------+-----------+-----' 

DATA IN ___ -+ __________ rilD~AT~A~~ 
-~I, ~tDS-i 

DATAOUT ---....;... .... ~DATAOOTVALI~------
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Timing Waveforms 

EXPANSION IN 

MS720317204 

IXI --~-- IXIR -

XI 

w--""""\ 

EXPANSION OUT 

WRITE TO 
FIRST PHYSICAL 

LOCATION 

WRITE TO 

W-" LAST PHYSICAL 
LOCATION 

R 

, , 

READ FROM 
FIRST PHYSICAL 

LOCATION 

READ FROM 
LAST PHYSICAL 

LOCATION 

XO ~'~~ ~'~! 'l '1--
Operating Modes: 
(Note: The7204 is used as example - these figures 
apply to both devices, MS720317204. 

HALF FULL FLAG (HF) 

c\ii) __ ....:W::.:.R::..:.ITE=--_~ 

(D<HJB) __ .;;;.;.;.;..;..;;.; 

MS 

(fFJ .... --.:.F.::;ULL=.:.:FLA~G=----I 
7204 

(As) __ -"R:;:,:ES",ET.:..-_ ... 

EXPANSION IN Xi 

Single Device Mode 
When one MS7204 is used standalone in Single 
Device Mode, the Expansion In (XI) control input 
pin must be grounded. See Figure 3. 

READ (A) 

DATA OUT (Q0-08) 

EMPlYFLAG 
(EF) 

RETRANSMIT (RT, • 

Figure 3. Single Device Mode 
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Width Expansion Mode 

MS720317204 

any particular device. Figure 4 shows an 18 bit 
wide configuration using two devices. They may 
be configured to any word width in this manner. 

Word width may be expanded by connecting the 
corresponding control input signals of multiple 
devices together. The EMPTY, HALF FULL and 
FULL FLAGS (EE, HF and FF) can be detected by 

HALF FULL FLAG {i:Wj 

(DI (HF) HALF FULL FLAG MS 
7204 

READ iAi 
FULL FLAG BITS (EFJ (FF) 1>8 BITS EMPTY FLAG 

{Rsl 
9-'7 

RESET 
RETRANSMIT iAn 

MS Xi 7204 (01 

NOTES: 
Figure 4. Width Expansion Mode 

Flag detection is accomplished by monitoring the EF, HF and EF pins on the 
device used in the Width Expansion Mode. Do not connect output control signals 
together. 

Depth Expansion Mode (Daisy Chain) Mode 
Word depths may be expanded in multiples of 
4096 words by Daisy Chaining the devices to
gether as follows: 

1. The FIRST LOAD (FL) control signal of the first 
device must be grounded. This FIFO repre
sents word 1-4096. 

2. All other devices in the Daisy Chain must have 
the FIRST LOAD (FL) control signal tied to Vee 
in the inactive-high state. 

3. The EXPANSION OUT (XO) pin of each device 
must be connected to the EXPANSION IN (XI) 
pin of the next device as shown in Figure 5. 

4. External logic is re~red to generate a co"l:... 
mon FULL FLAG (FF) and EMPTY FLAG (EF) 
Signal by ORing all of the FFs together and 
ORing all of the EFs together. 

5. The RETRANSMIT (RT) fuction and HALF 
FULL FLAG (HF) are not available in Daisy 
Chain Mode. 

Figure 5. Diagram of a 16384 x 9 FIFO in Depth Expansion Mode 
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Bidirectional Mode 
Data buffering between two systems can be 
achieved by pairing two FIFO arrays as shown in 
Figure 6. This allows each system to READ and 
WRITE shared data. The FULL FLAG (FF) must 
be monitored on the FIFO where WRITE ENABLE 
(W) is used and the EMPTY FLAG (EF) must be 
monitored on the FIFO where READ ENABLE (R) 
is used. Both Width Expansion and Depth Expan-

WA 
FFA 

DA ....... 
:::> ... 

SYSTEM A 

QA .... 
RA 

EFA 
HFA 

MS720317204 

sion Modes may be used in combination with 
Bidirectional Mode. 

Compound Expansion Mode: 
Both Width Expansion Mode and Depth Expansion 
(Daisy Chain) Mode can be used together to 
configure a large FIFO array (See Figure 4 and 5). 

Re 
EFe 

MS7204 HFe 
aa .... 

SYSTEMe 

K'"::::-
MS7204 

..... De 

We 
FFB 

Figure 6. BIDirectional FIFO Mode 

Ordering Information 
Temperature 

SDeedINsl Ordering Part Number(1) Packaae Reference No. Ranae 

20 MS7203-20PC MS7204-20PC 28 Pin Plastic DIP - 600 mil O"C to + 70·C 

20 MS7203-20NC 28 Pin Plastic DIP 300 mil O"C to + 70·C 

20 MS7203-20JC MS7204-20JC 32 Pin PLCC 0·Cto+70·C 

25 MS7203-25PC MS7204-25PC 28 Pin Plastic DIP - 600 mil O·C to +70·C 

25 MS7203-25NC 28 Pin Plastic DIP 300 mil O·Cto +70·C 

25 MS7203-25JC MS7204-25JC 32 Pin PLCC O"C to + 70·C 

35 MS7203-35PC MS7204-35PC 28 Pin Plastic DIP - 600 mil O·C to +70·C 

35 MS7203-35NC MS7204-35NC 28 Pin Plastic DIP 300 mil O"C to + 70·C 

35 MS7203-35JC MS7204-35JC 32 Pin PLCC O·Cto +70·C 

35 MS7203-35FC MS7204-35FC 28 Pin Small OuUine 330 mil O·C to +70·C 

50 MS7203-50PC MS7204-50PC 28 Pin Plastic DIP - 600 mil O·Cto +70·C 

50 MS7203-50NC MS7204-50NC 28 Pin Plastic DIP 300 mil O·Cto +70·C 

50 MS7203-50JC MS7204-5OJC 32 Pin PLCC O·C to +70·C 

50 MS7203-50FC MS7204-50FC 28 Pin Small OuUine 330 mil O·C to +70·C 

80 MS7203-80PC MS7204-80PC 28 Pin Plastic DIP - 600 mil O"Cto +70·C 

80 MS7203-80NC MS7204-80NC 28 Pin Plastic DIP 300 mil O"C to + 70·C 

80 MS7203-8OJC MS7204-8OJC 32 Pin PLCC 0·Cto+70·C 

80 MS7203-80FC MS7204-80FC 28 Pin Small OuUlne 330 mil 0·Cto+70·C 

(1) For the low power version. add L after part number and before dash information. For example. MS7203L-25PC. 
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MOSEL-VITELIC MS76215 & MS76225 
512 x 18 & 1024 x 8 PARALLEL 
SYNCHRONOUS FIFOs 

Features 
• Full CMOS clocked synchronous FIFOs 
• Read and write clocks can be synchronous or 

asynchronous 
• Master I Slave devices make depth and width 

expansion easy 
• Two densities: 512 x 18 and 1024 x 18 
• 20ns read I write cycle time 
• Dual port memory architecture 
• Five Flags for memory status: 

- Empty and Full Flags 
- Two Programmable Flags 
- Half Full Flag available in single device 

configuration 
• Master device supplies all flag outputs in 

depth expansion 
• Output Enable puts output in high impedance 
• Available in 68-lead pin grid array (PGA), and 

plastic leaded chip carrier (PLCC) 

Functional Block Diagram 

5n ---.J EXPANSION L....:---:--...... 
xc ---i ... _ LO_G1_C -.....I r---~'-----, 

no -1 ... _~_ES_ET-.....I 
Rct.K ReN 
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Description 
The MS76215 and MS76225 are clocked 

registered FIFOs that are particularly useful in 
synchronous design applications. This architecture 
allows for a user friendly part with a very high speed 
cycle time of 50MHz. The MS76215 and MS76225 
are the master versions. Typical applications for 
these designs are data buffering for workstation 
graphics, interprocessor communications, and high 
speed LANs. 

All four devices have 18-bit wide parallel data 
inputs and outputs. The input port is controlled by a 
free running clock (WCLK), and a write enable pin 
(WEN). Data is written into the FIFO only when both 
the lock pin and write enable are active. The output 
port is controlled by separate clock (RCLK) and a 
read enable (REN) pins. The read clock can be tied 
to the write clock for single clock operation or the 
two clocks can run independently. The devices also 
have an output enable (OE) for three-state control 
of the output. 

These FIFOs have a total offive flags. That is two 
fixed flags, Empty (EF) and Full (FF), two 
programmable flags, (PAE) and (PAF), plus a Half 
Full (HF) flag available in single device operation. 
The programmable flags are programmed by 
asserting the Load (LD) pin and clocking in the next 
two words on the inputs. 

The MS76215 and MS76225 are both width and 
depth expandable. The pins XI and XO are required 
to expand the FIFOs in depth. To permit 
programmable flags in depth expansion, a master 
device (MS76215/25) controls the flags. 

II 



MOSEL-VITELIC 
PinConflgurations 
PGATOPVIEW 

01"""0, 

01 0,1) Q, 

04 GND 0,2 /PlNlo..1gM\of 

u~a,s. 

., 

GND 0, 

0" 0, 

ABCDEFGHIJK 

Pin Descriptions 

00-017 Data Inputs 
Data inputs for 1S-bit wide data. 

RS Reset 
When RS is set low. internal read and write 

pointers are set to the first location of the RAM 
array. FF and PAF go high. and PAE and EF go 
low. A reset is required before an initial WRITE after 
power-up. 

WCLK Write Clock 
When WEN is enabled (low). a write cycle is 

initiated on the low-to-high transition of every 
WCLK clock. if the FIFO is not full. 

WEN Write Enable 
When WEN is low. data can be loaded into the 

FIFO on the low-to-high transition of every WCLK 
clock. When WEN is high. the FIFO holds the 
previous data. When the FIFO is full (FF = low). the 
internal WRITE operation is blocked. 

RCLK Read Clock 
When REN is enabled (low). data can be read on 

the outputs on the low-to-high transition of the read 
clock RCLK if the FIFO is not empty. 

REN Read Enable 
When REN is (low). data can be read from the 

FIFO on the low-to-high transition of every RCLK 
clock. When REN is high. the output register holds 
the previous data. When the FIFO is empty (EF = 
low). the internal READ operation is blocked. 

OE Output Enable 
When OE is enabled (low). the parallel output 

buffers receive data from the output register. When 
OE is disabled (high). the a output bus is in a high 
impedance state. 

LD Load 
When LD is low. data on the inputs D()"D17 is 

written to the offset and depth registers on the low
to-high transition of the WCLK. 

MS76215 & MS76225 

PLCC TOP VIEW 
INDEX 

i~;~~4;~U~Q~~~~~~ 
0,4 J1G 1 GOr' Vee 
0,3 Jl1 58 Q,,, 
0,2 ]12 68 Q'3 

til" GND 

TOP VIEW 
51 GND 

6O{. Qa 

0, ... 25 
00 .. 28 44 Q4 

v.a~~~~~~s~~~~~~~ 
. r r- no "rHO'- ,onr 

XI Expansion Input 
In the single device or width expansion 

configuration. XI is grounded. In the delill! 
expansion configuration. XI is connected to XO 
(expansion out) of the previous device. 

FF Full Flag 
When FF goes low. the device is full and further 

WRITE operations are inhibited. When FF is high. 
the device is not full. FF is synchronized with 
WCLK. 

EF Empty Flag 
When EF goes low. the device is empty and 

further READ operations are inhibited. When EF is 
high. the device is not empty. EF is synchronized 
with RCLK. 

PAF Programmable Almost-Full Flag 
When PAF is low. the device is almost full based 

on the programmable full offset. If there is no offset 
specified. the device is 7/S full or more. 

PAE Programmable Almost-Empty Flag 
When PAE is low. the device is almost empty 

based on the programmable empty offset. If there is 
no offset specified. the device is empty to 1/S full. 

XOIHF Expansion Out/Half-Full Flag 
In the single device or width expansion 

configuration. the device is more than half full when 
HF is low. In the.~th ~ansion configuration. a 
pulse is sent from XO to XI when the last location in 
the FIFO is filled. 

Qo-Q17 Outputs 
Data outputs for 1S-bit wide data. 

Vee Power Supply 
Nine +5V power supply pins. 

GND Ground 
Ten ground pins 
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MOSEL-VITELIC MS76500A 
64K x 16 BI-DIRECTIONAL FIFO 
WITH PARITY GENERATOR/CHECKER 

Features 
• 64 x 16 bi-directional FIFO 
• A-port supports byte parity generation/checking 
• B-port can be selected for 8 or 16-bit data width 
• Three status flags - Empty/Full. Half Full and 

Parity Error 
• 3-state outputs with output enable 
• High performance - 25MHz and 33MHz cycle 

time 
• Data Fall through mode 
• All inputs and outputs are fully TTL compatible 
• Single +5V power supply 
• 52-pin PLCC 
• High performance CMOS technology 

Pin Configuration 
52-PIN PLCC 

...... '" I...JIn~C"') 

B B B tt IL Itt gj g ~ ~ ~ ~ ~ COCL&J:I:a..»a.a.aca 
Og)ClO ..... CO&t)-.:t(f')N ..... O 
(\1.,... .......... ..-.,... ..... ,.....,... .......... 0)0) 

DOB12 21 7 

DOBll 22 6 

DOB10 23 5 

DOB9 24 
MS76500A 

4 

DOBS 25 3 
DOB7 26 

BIDIRECTIONAL 
2 

VSS 27 FIFO 1 

VDD 28 52 

DOBS 29 52-PLCC 51 

DOB5 30 50 
0084 31 49 

DOB3 32 48 

DOB2 33 47 

;J;~~~~~5i:;;:~~~~~ 

~ air 0 0 OC W 0lw a OC a ~ 
~~li!~OC~~§;O<o~~ 
o 0::; Iii 00 

DOA12 

DOAll 

DOA10 

DOA9 

DOA8 

DOA7 

VSS 

VDD 

DOA6 

DOA5 

DOA4 

DOA3 

DOA2 
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Descriptions 
The MS76500A is an asynchronous 64 x 16 

BiFIFO using a dual port RAM based architecture. 
The MS76500A has two 16-bit bi-directional data 
ports. User can select the direction by merely 
establishing a logic level at the control input. The A
port is equipped with parity checking/generation 
logic and supports byte parity. The B-port data 
width can be selected for 8-bit or 16-bit operation by 
a simple logic signal at a control pin. 

The MS76500A provides FIFO status using 
Empty/Full. Half Full. and parity error flags. Fast 
access and read/write cycle times make it suitable 
for in many modern microprocessor applications. It 
is manufactured with high performance CMOS 
technology and is available in 52-pin PLCC 
package. All inputs and outputs are fully TTL 
compatible and it operates from a single +5V 
supply. 

Logic Symbol 

DOA Doe 
0-15 0-15 

DIR HFF 

WR MS76500A EFF 

RD 
FIFO 

PEF 

BT/wD PRTYH 

AO PRTYL 

MRST OE 

• 



MOSEL-VITELIC 
Pin Description 

MRST ~ter Reset, Input, Active Low) 
The MRST input must be held LOW for the 

specified duration to initialize the FIFO. This input 
must return to HIGH and remain HIGH for normal 
operation. Master Reset does not affect the 
contents of the FIFO, only initialize the appropriate 
control elements. The following conditions prevail 
after reset: 

a) the read and write pointers are cleared and 
point to the first location in the memory. 

b) the EFF output is HIGH to indicate that the 
FIFO is empty. 

c) the HFF output is LOW. 
d) the FIFO output register is initialized to 

indicate LOW outputs. 
e) the PEF is reset to HIGH. 

LOW on the WR and RD inputs is recommended 
during the initialization. Any transients on these 
inputs may affect the pOinters and interfere with the 
proper operation of the device. 

WR (Write Control, Input, Active HIGH) 
A LOW to HIGH transition of this input writes data 

into a FIFO location as determined by the write 
pointer. Data must conform to the specified setup 
and hold time requirements for reliable operation. 
Write operation terminates when the WR input 
returns to its quiescent LOW state. All attempts to 
write data into a full FIFO are ignored. It also should 
be noted that write and read operations are 
independent and asynchronous. Thus, write 
operations can be attempted without any regard to 
the read operations. 

Write pointer updating occurs on the HIGH to 
LOW transition of the WR input. The flag outputs 
are combinatorially derived from the pointers. 
Thus, if there are 32 words in the FIFO because of 
the current write operation, the HFF output goes 
HIGH when the write operation terminates. 
Similarly, if there are 64 words in the FIFO because 
of the current write operation, the EFF output HIGH 
(FIFO full) after the write operation terminates. 

RD (Read Control, Input, Active HIGH) 
A LOW to HIGH transition of this input loads data 

from the FIFO location determined by the read 
pOinter into the output register. The read operation 
terminates when the RD input returns quiescent 
LOW state. All read attempts from an empty FIFO 
are ignored and the output register remains 
unaffected. It also should be noted that read and 
write operations are independent and 

MS76500A 

asynchronous. Thus, read operations can be 
attempted without any regard to the write 
operations. 

Read pointer updating occurs on the HIGH to 
LOW transition of the RD input. The flag outputs 
are combinatorially derived from the pOinters. 
Thus, if there are less than 32 words in the FIFO 
because of the current read operation, the Half Full 
flag output goes LOW after the read operation 
terminates. Similarly, if the EFF was HIGH 
because the FIFO was full, upon termination of the 
read operation, the EFF output will become LOW. 
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DIR (Direction Control, Input) 
Logic level maintained at this input determines 

which one of the two data ports will be used for data 
input; LOW means that A-port is the input and S
port will be the output. On the other hand, HIGH on 
this input designates B-port as the input and A-port 
as the output. The DIR input also affects the 
PRTYL and PRTYH signals as described later. 

It should be noted that this input is not stored on 
the chip and requires a stable level. For reliable 
operation, a read or write operation must not be in 
progress when the logic level on the DIR input 
needs changing. 

DQAO - DQA15 (A-port, Bi-directional) 
These sixteen signals form the 16-bit A-port. If 

the DIR input is LOW, the A-port becomes the data 
input to the FIFO. If the DIR input is HIGH, data 
output from the FIFO is available on the A-port. 
When the A-port is used as the output port, the OE 
input controls the A-port buffers; LOW on OE input 
enables the buffers and HIGH disables the buffers 
into a high impedance state. The PRTYL and 
PRTYH signals are associated with the A-port and 
will be described later. 

DQBO - DQB15 (S-port, Bi-directional) 
These sixteen Signals form the 16-bit B-port. If 

the DIR input is HIGH, the B-port becomes the data 
input to the FIFO. If the DIR is LOW, S-port 
provides the data output from the FIFO. When the 
B-port is selected as the output po~.!he OE input 
controls the B-port buffers; LOW on OE enables the 
buffers and HIGH disables the buffers into a high 
impedance state. 

The B-port may be controlled to be either 8-bit or 
16-bit port depending on the logiC level present at 
the BTIWD input. If the B-port is used as an 8-bit 
input port, then the information on DQBO - DQB7 
lines is used and lines DQB8 - DQB15 is ignored. 
On the other hand, if the B-port is used as an 8-bit 
output port, then the OE controls the DQBO - DQB7 



MOSEL-VITELIC 
buffers and DOB8 - DOB15 buffers are forced 
unconditionally into a high impedance state. 

BTIWD (ByteIWord select, Input) 
The logic level on this input affects the B-port 

data width; LOW means the B-port is 15-bit wide 
and HIGH means 8-bit wide. It should be noted that 
the BTIWD input only defines the desired port 
width, the DIR input still specifies whether the B
port is an input or output. 

It should be noted that this input is not stored on 
the chip and therefore a stable level must be 
maintained. For reliable operation, read or write 
operations should not be in progress when 
changing the logic level at this input. It is also 
recommended that the desired level on this input 
be established immediately following a reset 
operation. 

AO (Byte Select, Input) 
This input controls the assembling words from 

bytes and splitting words into bytes for the B-port in 
the 8-bit mode. 

When the B-port is an 8-bit output port and the AO 
input is HIGH, the upper byte (bit8 - bit15) of the 
word read from the FIFO will be available on DOBO 
- DOB7 respectively. On the other hand, if the AO 
input is LOW, the lower byte (bitO - bit7) of the word 
read from the FIFO will be available on the DOBO -
DOB7 respectively. 

The AO input is ignored if B-port is selected for 
15-bit operation (BIW input LOW). The AO input is 
not stored on the chip and therefore requires a 
stable logic level. When using the B-port in the 8-bit 
input mode, the WR input must be low when 
changing the level on the AO input. 

PRTYL (A-port lower byte parity, Bi-clirectional) 
When the A-port is selected as the input port, 

PRTYL is used as an input. Information present on 
this signal is the parity bit for information present on 
DOAO - DOA7. During a write operation, the on
chip parity checker performs an odd parity check. If 
there is a parity error PEF flag will be set to LOW. It 
should be noted that write operation proceeds as 
usual. 

When the A-port is selected as the output port, 
the on-chip parity generator provides the odd parity 
for the byte present on DOAO - DOA 7 oU.!Q!!ts on 
the PRTYL pin. It should be noted that the OE input 
controls the PRTYL output also. Moreover, 
resetting the device clears the FIFO output register. 
Therefore, the PRTYL will be high to reflect odd 
parity. 
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PRTYH (A-port upper byte parity, Bi-clirectional) 
The operation of the PRTYH signal is identical to 

PRTYL signal described above except that DOA8 -
OOA 15 signals are used for parity checking and 
generation. 

EFF (Empty/Full Flag, Output, Active High) 
This output goes HIGH when the FIFO is empty. 

The FIFO is empty after a reset or all the 
information written into it had been read out. As 
soon a word is written into an empty FIFO all read 
attempts from an empty FIFO will be ignored, the 
EFF output will go LOW. 

The EFF output also goes HIGH again ifthe FIFO 
contains 54 words that have not been read out 
(FIFO full). All write attempts into full FIFO will be 
ignored. When a word is read out from a full FIFO, 
the EFF goes LOW. 

HFF (Half Full Flag, Output, Active High) 
This output goes HIGH whenever the FIFO 

contains 32 or more words and remains HIGH until 
the words are read out to reach below the half full 
level. 

OE (Output Enable, Input, Active Low) 
This input controls the buffers associated with the 

~ort, B-port, PRTYL and PRTYH signals. When 
OE is LOW, the associated buffer will be enabled to 
drive the pin. If the OE is HIGH the associated 
buffers will be in a high impedance state. 

PEF (A-port Parity Error Flag, Output, 
Active Low) 

When the A-port is used as the input port, the on
chip odd parity checker checks the lower byte 
(OOAO - DOA7) and the upper byte (DOA8 -
OOA 15) using the PRTYL and PRTYH signals as 
the corresponding parity check bit. 

If there is a parity error in either byte, the PEF 
output goes LOW when the WR input goes from 
LOW to HIGH to start the write operation. It should 
be noted that writing into the FIFO itself is not 
affected by the parity error. Once the PEF is set, it 
can only be cleared by resetting the FIFO or making 
the A-port as the output port (DIR input HIGH). 

VDD +5V power supply. 

VSS Ground. 

• 



MOSEL-VITELIC 
Bidirectional FIFO Architecture 

The following figure shows the MS765DDA 
bidirectional FIFO block diagram. The MS765DDA 
bidirectional FIFO features a single bank of 64 x 16-
bit FIFO core, I/O MUX data route multiplexers and 
the 8/16-bit MUX byte/word multiplexer and de
multiplexer. The OIR input controls the I/O MUX 
data route multiplexers. 

These multiplexers route the A or B port data to 
the FIFO core input, or the FIFO core output data to 
the B or A port. When the multiplexer selects the A 
port is an input port and the B port is an output port, 
the three-state output buffer at the A port is disabled 
regardless of the Output Control. The B port output 
buffer becomes active if the Output Control is LOW. 

In the reverse direction, input data at the B port is 
routed to the FIFO core input while the three-state 
output buffer at the B port is disabled regardless of 
the Output Control, and output data from the FIFO 
core is routed to the A port. The A port output buffer 
become active if the Output Control is LOW. 

The BT/WO byte/word multiplexer and de
multiplexer controls the B port input and output data 
width when the Byte/Word mode select input (BT/ 

BPORT 

16-bit 
UO 

MS76500A 

WO) is held at a logic HIGH. When the B port is 
programmed as an 8-bit input mode, only the low 
byte data at the B port is effective and the high byte 
data is ignored. 

The AD input addresses this input data to the low 
byte FIFO core or high byte core. When the AD is 
LOW, the 8-bit data is addressed to the low byte 
FIFO core and when AD is HIGH, input data is 
addressed to the high byte of the FIFO core. The 
data is written into the low byte or high byte FIFO 
core with an active write enable. 

In the 8-bit output mode, the B port low byte 
output is effective port and high byte is in the three
state condition. The 16-bit output data from the 
FIFO core is de-multiplexed by the AD byte select 
input. The low byte data from the FIFO core is 
selected and available if the AD is LOW and the 
Output Enable is LOW. The high byte data is 
available when the AD is HIGH and Output Enable 
is LOW. The M5765DDA operation truth table is 
shown on page 5. 

APORT 

RD 
AO 

16-bit 
I/O 

PEF 

PRTYLI/O 

PRTYH 1/0 

PRTY 
GENt 
CHER 

HFF EFF 

CONTROL 
LOGIC 

BTIWD 

WR 
DIR 

BLOCK DIAGRAM 
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Truth Table (Operating Mode) 

DIR R W 81W AO Function 

L L i X X 16-bit write to Port A 

L i L L X 16-bit read from Port B 

L i L H L 8-bit read from Port B (LSB) 

L i L H H 8-bit read from Port B (MSB) 

H L i L X 16-bit write to Port B 

H L i H L 8-bit write to Port B (LSB) 

H L i H H 8-bit write to Port B (MSB) 

H i L X X 16-bit read from Port A 

• 
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MOSEL-VITELIC 
Absolute Maximum Ratings (1) 

Parameter 
Name Parameter 

VTERM Terminal Voltage with Rerspect to GND 

TelAS Temperature Under Bias 

TSTG Storage Temperature 

PT Power Dissipation 

lOUT D C Output Current 

NOTES: 

MS76500A 

Ratings Units 

-0.5 to +7.0 V 

-10 to +125 V 

-45 to + 120 °C 

1.0 W 

30 mA 

1. 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 sections of this specification is not Implied. Exposure to absolute amximum rating conditions for extended periods 
may affect reliability. 

Operating Range 

Range 

Commercial 

Ambient 
Temperature 

O°Cto +70°C 

Vee 
5V± 10% 

Capacitancef1) T A = 25°C, f = 1.0MHz 

Parameter 
Name Parameter 

CIN Input Capacitance 

Coa Output Capacitance 

1. This parameter is guaranteed and not tested. 

Conditions Max. 

VIN=OV 7 

VOQ=OV 7 

DC Electrical Characteristics (over the commercial operating range) 

Parameter MS76500A (-25, -30) 
Name Parameter Test Conditions Min. Typ. Max. 

VIL Input LOW Voltage 0.8 

VIH Input HIGH Voltage 2.2 Vee + 0.3 

IlL Input Leakage Current Vee = Max, Vin = OV to Vee -10 10 

IoL Output Leakage Current Vee = Max, Vin = OV to Vee -10 10 

Vex. Output LOW Voltage Vee = Min, IOL = 8mA A Port, 0.4 
IOL = 4mA B Port and Flags 

VOH Output HIGH Voltage Vee = Min,loL = -4mA A Port, 2.4 
IOL = 2mA B Port and Flags 

leel Operating Current Supply Current Vee = Max,llIo= OmA, 75 
F = Fmax 

7-30 
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pF 

pF 

Unit 

V 

V 

JJA 
JJA 
V 

V 
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AC Electrical Characteristics (over the commercial operating range) 

Parameter MS76500A-25 MS76500A-30 
Name Parameter Min. Max. Min. Max. Units 

f. Shift Frequency - 25 - 33 MHz 

ReadCycle 

tRC Read Cycle Time 40 - 30 - ns 

tA Access Time - 20 - 15 ns 

tRPW Read Pulse Width 12 - 10 - ns 

tRR Read Recovery Time 12 - 10 - ns 

Iov Data Valid from Read Pulse High 5 - 3 - ns 

Write Cycle 

twc Write Cycle Time 40 - 30 - ns 

twpw(l) Write Pulse Width 12 - 10 - ns 

twR Write Recovery Time 12 - 10 - ns 

los Data Setup Time 2 - 1 - ns 

IoH Data Hold Time 4 - 3 - ns 

Flag Timing 

tREF Read High to Empty Flag High - 15 - 12 ns 

tRHF Read High to Half Full Flag Low - 35 - 30 ns 

tRFF Read High to Full Flag Low - 22 - 20 ns 

tWEF Write High to Empty Flag Low - 22 - 20 ns 

twHF Write High to Half Full Flag High - 35 - 30 ns 

tRPE Read Pulse Width After EF High - 22 - 20 ns 

tpEV Write High to Parity Flag Valid - 22 - 20 ns 

tWFF Write High to Full Flag HIGH - 22 - 20 ns 

Reset Timing 

tRSC Reset Cycle Time 40 - 30 - ns 

tRS (1) Reset Pulse Width 25 - 25 - ns • tRSS Reset Setup Time 25 - 25 - ns 

tRSR Reset Recovery Time 10 - 10 - ns 

tEFH Reset to Empty Flag High - 25 - 20 ns 

~FL Reset to Half Full Flag Low - 25 - 25 ns 

tFFD Reset to Data Clear - 25 - 25 ns 

tRSP Reset to Parity Bits High - 25 - 20 ns 
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AC Electrical Characteristics (Continued) 

Parameter 
Name Parameter 

Direction Control Timing (DIR) 

toRWS DIR Change to ReadlWrite High Setup 

toRWH DIR Change to ReadIWrite High Hold 

toPH DIR Change to Error-Flag High 

BIW Mode Timing (BIW) 

~RWS BN-I Mode Change to ReadIWrite High Setup 

~RWH BN-I Mode Change to ReadIWrite High Hold 

AO Access Timing (AO) 

tAORWS (2) AO Access Time Setup Time 

tAORWH (2) AO Access Time Hold Time 

Output Enable Timing (OE) 

toEDHZ(2) OE High to Output High-Z 

toEDLS OE Low to Output Low-Z 

Fall-Through Timing 

tWEF Write High to Empty Flag Low 

lj:,. Write High to Data Output Valid 

NOTES: 
1. Pulse widths less than minimum values are not allowed. 
2. Values guaranteed by design, not currently tested. 

7-32 

MS76500A 

MS76500A-25 MS76500A-30 
Min. Max. Min. Max. Units 

40 - 30 - ns 

40 - , 30 - ns 

25 - 25 - ns 

40 30 ns 

40 30 ns 

3 3 ns 

8 5 ns 

12 12 ns 

12 12 ns 

25 20 ns 

10 35 10 30 ns 



MOSEL-VITELIC 
AC Test Conditions 

Input Pulse Levels 

Input Rise and Fall Times 

Timing Reference Levels 

OVto3.0V 

Sns 

1.SV 

AC Test Loads and Waveforms 

R14800 

MS76500A 

R14800 

OUTP~~ : 1 3Op, 3 .. ~ INCLUD~2SS0 
-= JIG AND -= 

SV 0-------""""..., 

OUTPUT 0---...-----. 

SCOPE 

Figure 1a 

Equivalent to: 
THEVENIN EQUIVALENT 

16m 
OUTPUT ~ 1.73V 

ALL INPUT PULSES 

3.0V ---ir:=-",-, 

GND 

Key to Switching Waveforms 

WAVEFORM INPUTS OUTPUTS 

MUST BE WILL BE 
STEADY STEADY 

~~ MAY CHANGE WILL BE 
FROMHTOL CHANGING 

FROMHTOL 

#//7 MAY CHANGE WILL BE 
FROML TOH CHANGING 

FROM L TOH 

XXXX DON'T CARE: CHANGING: 
ANY CHANGE STATE 
PERMITIED UNKNOWN 

CENTER 

2» ~ DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

"OFF"STATE 
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Timing Waveforms 

Data Out Timing - FIFO Contains 64 WordsG) 

RD CD 

DAT~~~i ----------D-A-T-A------'J~~',----D-A-T-A----\I~~~lr----------~ 

EFF ,~----------------------------------
HF 

Data Out Timing - FIFO Contains 33 Data Words CD 

RD 

PH,PL 
DATA-oUT 

EFF 

HF 

CD 

~32 words <32 words 

,'-----------
Data Out Timing - FIFO Contains 2 Data Words CD 

RD 

PH,PL 
DATA-oUT 

EFF 

HF 

CD 

DATA 

---------------------~! 
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Data In Timing - FIFO Contains 0 Words CD 

WR 

PH,PL 
DATA-IN DATA 

EFF 

HF 

PER STABLE PER 'I:lllX STABLE PER 'I:lll:J< STABLE PER '�:lllX'--___ _ 

Data In Timing - FIFO Contains 30 Data Words CD 

WR CD 

PH,PL 
DATA-IN DATA 

<32 words :2: 32 words 

EFF 

HF --------------------------------------------~! 
_______ 'I:lllX ____ ~'I:lllX ______ 'I:lllX~ ____ __ 

Data In Timing - FIFO Contains 62 Data Words CD 

WR 

PH,PL 
DATA-IN 

EFF 

HF 

DATA 

------------------------~! 

____ ~'I:lllX'___ ____ 'I:lllX~ ____________ __ 
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MOSEL-vrrELIC 
Master Reset Timing 

14------tRsc------t 

14----tRSPW -----.j 

1----1 t RSEF 

------.If---~ t RSHF 
MRST 

EFF, PER 

HF 

DATA 

PH,PL 

RD, WR \\\\\\\\\\\\\\\S\\\\ 

Output Enable Control TIming 

! 

MS76500A 

PH,PL, 
DATA 

_--JFt~~J f"---tO_EDLZ--+l ___ _ 
----------~) ~~--------

Miscellanlous Control TIming 

Qto_~ ~t"~8 itMRWS· ~tMRWHI 

tOARWS- tOARWH 

DIR 

BIW 

AD 

RD,WR ______ --Jr--\~ ______________________ _ 
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Data In Timing· FIFO Contains 0 WordsC!) 

WR CD 

PH,PL 
DATA1 DATA-IN 

RD LO 

EFF FIFO 
is Empty 

DATA-OUT 

Direction Change to Parity Flag Cleared Timing 

DIR 

• 
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MOSEL-vrrELIC 
Ordering Information 

Speed Ordering 
(MHz) Part Number1) 

25 MS76500A-25JC 

30 MS76500A-3OJC 

MS76500A 

Temperature 
Package Range 

52 Pin Plastic PLCC O"Cto +70·C 

52 Pin Plastic PLCC O"Cto +70·C 
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MOSEL-VITELIC MS76502A 
256 x 16 BI-DIRECTIONAL FIFO 
WITH PARITY GENERATOR/CHECKER 

Features 
• 256 x 16 bi-directional FIFO 
• A-port supports byte parity generation/checking 
• B-port can be selected for 8 or 16-bit data width 
• Three status flags - Empty/Full, Half Full and 

Parity Error 
• 3-state outputs with output enable 
• High performance - 25MHz and 33MHz cycle 

time 
• Data Fall through mode 
• All inputs and outputs are fully TTL compatible 
• Single +5V power supply 
• 52-pin PLCC 
• High performance CMOS technology 

Pin Configuration 
52-PIN PLCC 

C'?""'IO :::I:-Ill)""'C? 

i'iii'iii'iiu. IU.CIlc~~<:;::;: 
gggll; !U:~~~!E!E ggg 
Og)CO"""CCll)'ltC'lC\l ..... O C\I..-,.....,... ......... ,....,... .... .,.. .... c:»co 

OOB12 21 7 COA12 

OOBll 22 6 COAll 

OOB10 23 5 COAl 0 

COB9 24 
MS76502A 

4 OOA9 

COB8 25 3 COA6 
COB7 26 

BIDIRECTIONAL 
2 COA7 

VSS 27 FIFO 1 vss 
VCC 28 52 VCC 

COB8 29 52·PLCC 51 COA6 

COB5 30 50 COA5 

COB4 31 49 OOA4 

OOB3 32 4B COA3 
COB2 33 47 COA2 

c;~~{;;~~!i:;~~~~~ 

~ 0 It- c c a: CIl c lUi ~ a: 0 ~ 
"''''CIl::Ea:~CIlCO Ci«« 
8g~1ii » gg 
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Description 
The MS76502A is an asynchronous 256 x 16 

BiFIFO using a dual port RAM based architecture. 
The MS76502 has two 1 6-bit bi-directional data 
ports. User can select the direction by merely 
establishing a logic level at the control input. The A
port is equipped with parity checking/generation 
logic and supports byte parity. The B-port data 
width can be selected for 8-bit or 16-bit operation by 
a simple logic signal at a control pin. 

The MS76502A provides FIFO status using 
Empty/Full, Half Full, and parity error flags. Fast 
access and read/write cycle times make it suitable 
for in many modern microprocessor applications. It 
is manufactured with high performance CMOS 
technology and is available in 52-pin PLCC 
package. All inputs and outputs are fully TTL 
compatible and it operates from a single +5V 
supply. 

Logic Symbol 

DIR 

WR 

DOA 
0-15 

RD 

BTIWD 

AO 

MS76502A 

FIFO 

DOB 
0·15 

HFF 

EFF 

PEF 

PRTYH 
PRTYL 



MOSEL-VITELIC 
Pin Description 

MRST ~ter Reset, Input, Active Low) 
The MRST input must be held LOW for the 

specified duration to initialize the FIFO. This input 
must return to HIGH and remain HIGH for normal 
operation. Master Reset does not affect the 
contents of the FIFO, only initialize the appropriate 
control elements. The following conditions prevail 
after reset: 

a) the read and write pOinters are cleared and 
point to the first location in the memory. 

b) the EFF output is HIGH to indicate that the 
FIFO is empty. 

c) the HFF output is LOW. 
d) the FIFO output register is initialized to 

indicate LOW outputs. 
e) the PEF is reset to HIGH. 

LOW on the WR and RD inputs is recommended 
during the initialization. . Any transients on these 
inputs may affect the pOinters and interfere with the 
proper operation of the device. 

WR (Write Control, Input, Active HIGH) 
A LOW to HIGH transition of this input writes data 

into a FIFO location as determined by the write 
pointer. Data must conform to the specified setup 
and hold time requirements for reliable operation. 
Write operation terminates when the WR input 
returns to its quiescent LOW state. All attempts to 
write data into a full FIFO are ignored. It also should 
be noted that write and read operations are 
independent and asynchronous. Thus, write 
operations can be attempted without any regard to 
the read operations. 

Write pointer updating occurs on the HIGH to 
LOW transition of the WR input. The flag outputs 
are combinatorially derived from the pointers. 
Thus, if there are 32 words in the FIFO because of 
the current write operation, the HFF output goes 
HIGH when the write operation terminates. 
Similarly, if there are 64 words in the FIFO because 
of the current write operation, the EFF output HIGH 
(FIFO full) after the write operation terminates. 

RD (Read Control, Input, Active HIGH) 
A LOW to HIGH transition of this input loads data 

from the FIFO location determined by the read 
pointer into the output register. The read operation 
terminates when the RD input returns quiescent 
LOW state. All read attempts from an empty FIFO 
are ignored and the output register remains 
unaffected. It also should be noted that read and 
write operations are independent and 
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asynchronous. Thus, read operations can be 
attempted without any regard to the write 
operations. 

Read pOinter updating occurs on the HIGH to 
LOW transition of the RD input. The flag outputs 
are combinatorially derived from the pointers. 
Thus; if there are less than 32 words in the FIFO 
because of the current read operation, the Half Full 
flag output goes LOW after the read operation 
terminates. Similarly, if the EFF was HIGH 
because the FIFO was full, upon termination of the 
read operation, the EFF output will become LOW. 

DIR (Direction Control, Input) 
Logic level maintained at this input determines 

which one of the two data ports will be used for data 
input; LOW means that A-port is the input and s..: 
port will be the output. On the other hand, HIGH on 
this input designates B-port as the input and A-port 
as the output. The 01 R input also affects the 
PRTYL and PRTYH Signals as described later. 

It should be noted that this input is not stored on 
the chip and requires a stable level. For reliable 
operation, a read or write operation must not be in 
progress when the logiC level on the DIR input 
needs changing. 

DQAO· DQA15 (A~port, Bi-clirectional) 
These sixteen signals forrn the 16-bit A-port. If 

the DIR input is LOW, the A-port becomes the data 
input to the FIFO. If the DIR input is HIGH, data 
output from the FIFO is available on the A-port. 
When the A-port is used as the output port, the OE 
input controls the A-port buffers; LOW on OE input 
enables the buffers and HIGH disables the buffers 
into a high impedance state. The PRTYL and 
PRTYH signals are associated with the A-port and 
will be described later. 

DQBO· DQB15 (B-port, Bi-clirectional) 
These sixteen signals form the 16-bit B-port. If 

the DIR input is HIGH, the B-port becomes the data 
input to the FIFO. If the DIR is LOW, B-port 
provides the data output from the FIFO. When the 
B-port is selected as the output po!!,J.he OE input 
controls the B-port buffers; LOW on OE enables the 
buffers and HIGH disables the buffers into a high 
impedance state. 

The B-port may be controlled to be either 8-bit or 
16-bit port depending on the logiC level· present at 
the BT/wD input. If the 8-port is used as an 8-bit 
input port, then the information on DQBO - DQB? 
lines is used and lines DQB8 - DQB15 is ignored. 
On the other hand, if the B-port is used as an 8-bit 
output port, then the OE controls the DQBO - DQB? 



MOSEL-VITELIC 
buffers and DOB8 - DOB15 buffers are forced 
unconditionally into a high impedance state. 

BT/wD (ByteIWord select, Input) 
The logic level on this input affects the B-port 

data width; LOW means the B-port is 16-bit wide 
and HIGH means 8-bit wide. It should be noted that 
the BTIWD input only defines the desired port 
width, the DIR input still specifies whether the B
port is an input or output. 

It should be noted that this input is not stored on 
the chip and therefore a stable level must be 
maintained. For reliable operation, read or write 
operations should not be in progress when 
changing the logic level at this input. It is also 
recommended that the desired level on this input be 
established immediately following a reset 
operation. 

AO (Byte Select, Input) 
This input controls the assembling words from 

bytes and splitting words into bytes for the B-port in 
the 8-bit mode. 

When the B-port is an 8-bit output port and the AO 
input is HIGH, the upper byte (bit8 - bit15) of the 
word read from the FIFO will be available on DOBO 
- DOB7 respectively. On the other hand, if the AO 
input is LOW, the lower byte (bitO - bit7) of the word 
read from the FIFO will be available on the DOBO -
DOB7 respectively. 

The AO input is ignored if B-port is selected for 
16-bit operation (BIW input LOW). The AO input is 
not stored on the chip and therefore requires a 
stable logic level. When using the B-port in the 8-bit 
input mode, the WR input must be low when 
changing the level on the AO input. 

PRTYL (A-port lower byte parity, Bi-directional) 
When the A-port is selected as the input port, 

PRTYL is used as an input. Information present on 
this signal is the parity bit for information present on 
DOAO - DOA7. During a write operation, the on
chip parity checker performs an odd parity check. If 
there is a parity error PEF flag will be set to LOW. It 
should be noted that write operation proceeds as 
usual. 

When the A-port is selected as the output port, 
the on-chip parity generator provides the odd parity 
for the byte present on DOAO - DOA 7 ou~ts on 
the PRTYL pin. It should be noted that the OE input 
controls the PRTYL output also. Moreover, 
resetting the device clears the FIFO output register. 
Therefore, the PRTYL will be high to reflect odd 
parity. 
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PRTYH (A-port upper byte parity, Bi-directional) 
The operation of the PRTYH signal is identical to 

PRTYL signal described above except that DOA8 -
DOA 15 signals· are used for parity checking and 
generation. 

EFF (Empty/Full Flag, Output, Active High) 
This output goes HIGH when the FIFO is empty. 

The FIFO is empty after a reset or all the 
information written into it had been read out. As 
soon a word is written into an empty FIFO all read 
attempts from an empty FIFO will be ignored, the 
EFF output will go LOW. 

The EFF output also goes HIGH again if the FIFO 
contains 256 words that have not been read out 
(FIFO fUll). All write attempts into full FIFO will be 
ignored. When a word is read out from a full FIFO, 
the EFF goes LOW. 

HFF (Half Full Flag, Output, Active High) 
This output goes HIGH whenever the FIFO 

contains 32 or more words and remains HIGH until 
the words are read out to reach below the half full 
level. 

OE (Output Enable, Input, Active Low) 
This input controls the buffers associated with the 

~ort, B-port, PRTYL and PRTYH signals. When 
OE is LOW, the associated buffer will be enabled to 
drive the pin. If the OE is HIGH the associated 
buffers will be in a high impedance state. 

PEF (A-port Parity Error Flag, Output, 
Active Low) 

When the A-port is used as the input port, the on
chip odd parity checker checks the lower byte 
(DOAO - DOA7) and the upper byte (DOA8 -
DOA 15) using the PRTYL and PRTYH signals as 
the corresponding parity check bit. 

If there is a parity error in either byte, the PEF 
output goes LOW when the WR input goes from 
LOW to HIGH to start the write operation. It should 
be noted that writing into the FIFO itself is not 
affected by the parity error. Once the PEF is set, it 
can only be cleared by resetting the FIFO or making 
the A-port as the output port (DIR input HIGH). 

VOD +5V power supply. 

VSS Ground. 

• 



MOSEL-VITELIC 
Bidirectional FIFO Architecture 
The following figure shows the MS765D2A 
bidirectional FIFO block diagram. The MS765D2A 
bidirectional FIFO features a single bank of 256 x 16-
bit FIFO core, 1/0 MUX data route multiplexers and 
the 8/16-bit MUX bytelword multiplexer and de
multiplexer. The 01 R input controls the 1/0 MUX data 
route multiplexers. . 

These multiplexers route the A or B port data to the 
FI FO core input, or the FI FO core output data to the 
B or A port. When the multiplexer selects the A port 
is an input port and the B port is an output port, the 
three-state output buffer at the A port is disabled 
regardless of the Output Control. The B port output 
buffer becomes active if the Output Control is LOW. 

In the reverse direction, input data at the B port is 
routed to the FIFO core input while the three-state 
output buffer at the B port is disabled regardless of 
the Output Control, and output data from the FIFO 
core is routed to the A port. The A port output buffer 
become active if the Output Control is LOW. 

SPORT 

16-bit 
1/0 

PEF 

PRTYLI/O 

PRTYH 1/0 

MS76502A 

The BT /WO bytelword multiplexer and de-multiplexer 
controls the B port input and output data width when 
the Byte/Word mode select input (BT/wO) is held at 
a logic HIGH. When the B port is programmed as an 
8-bit input mode, only the low byte data at the B port 
is effective and the high byte data is ignored. 

The AD input addresses this input data to the low byte 
FIFO core or high byte core. When the AD is LOW, 
the 8-bit data is addressed to the low byte FIFO core 
and when AO is HIGH, input data is addressed to the 
high byte of the FIFO core. The data is written into 
the low byte or high byte FIFO core with an active 
write enable. 

In the 8-bit output mode, the B port low byte output is 
effective port and high byte is in the three-state 
condition. The 16-bit output data from the FIFO core 
is de-multiplexed by the AD byte select input. The low 
byte data from the FIFO core is selected and available 
if the AO is LOW and the Output Enable is LOW. The 
high byte data is available when the AD is HIGH and 
Output Enable is LOW. The M576502A operation 
truth table is shown on page 5. 

CONTROL 
LOGIC 

APORT 

16-bit 
I/O 

RD 
AO 
STIWD 

WR 
DIR 
OE 

MRST 

Block Diagram 
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Truth Table (Operating Mode) 

DIR R W BIW AO Function 

L L i X X 16-bit write to Port A 

L i L L X 16-bit read from Port B 

L i L H L 8-bit read from Port B (LSB) 

L i L H H 8-bit read from Port B (MSB) 

H L i L X 16-bit write to Port B 

H L i H L 8-bit write to Port B (LSB) 

H L i H H 8-bit write to Port B (MSB) 

H i L X X 16-bit read from Port A 

• 
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Absolute Maximum Ratings (1) 

Parameter 
Name Parameter 

VTERM Terrilinal Voltage with Rerspect to GI\iD 

TBIAS Temperature Under Bias 

TinG Storage Temperature 

PT Power Dissipation 

lOUT D C Output Current 

NOTES: 

MS76502A 

Rating ,Units 

-a.5to +7.0 V 

-10 to + 125 V 

-45 to + 120 ·C 

' 1.0 W 

30 mA 
" 

1. SIres1Ies greater than those listed ull(ler ABSQLUTE MAXI~UM RATINGS. .I1!8Y cause permane,nt damage to the device. This 
is a stress rating only and functional operation of the device at these or any other cond~ions above those indicated in the 
operational sections of this specification is not implied. Exposure to absolUte amximum rating conditions for extended periods 
may affect reliability. 

Operating Range 

Range 

Commercial 

Ambient 
Temperature 

OOCto +70·C 

Vee 
5V± 10% 

Capacitancef1) T A = 25·C, f = 1.0MHz 

Parameter 
Name Parameter 

CIN Input Capacitance 

Coa Output Capacitance 

1. This parameter is guaranteed and not tested. 

Conditions Max. 

VIN=OV 7 

VOQ=OV 7 

DC Electrical Characteristics (over the commercial operating range) 

Parameter MS76502A (-25, -30) 
Name Parameter Test Conditions Min. Typ. Max. 

VIL Input LOW Voltage O.S 

VIH Input HIGH Voltage 2.2 Vee + 0.3 

IlL Input Leakage Current Vee = Max, Vln = OV to Vee -10 10 

10L Output Leakage Current Vee = Max, Vin = OV to Vee -10 10 

VOL Output LOW Voltage Vee = Min, 10L = SmA A Port, 0.4 
10L = 4mA B Port and Flags 

VOH Output HIGH Voltage Vee = Min,IOL = -4mA A Port, 2.4 
10L = 2mA B Port and Flags 

leel Operating Current Supply Current Vee = Max, 1110 = OmA. 75 
F = Fmax 
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pF 

pF 

Unit 

V 

V 

JIA 
JIA 
V 

V 

mA 
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AC Electrical Characteristics (over the commercial operating range) 

Parameter MS76502A-25 MS76502A-30 
Name Parameter Min. Max. Min. Max. Units 

fs Shift Frequency - 25 - 33 MHz 

fs Shift Frequency - 25 - 33 MHz 

ReadCycle 

tRC Read Cycle Time 40 - 30 - ns 

tA . Access Time - 20 - 15 ns 

tRPW Read Pulse Width 12 - 10 - ns 

tRR Read Recovery Time 12 - 10 - ns 

tov Data Valid from Read Pulse High 5 - 3 - ns 

Write Cycle 

twc Write Cycle Time 40 - 30 - ns 

twpw(l Write Pulse Width 12 - 10 - ns 

tWR Write Recovery Time 12 - 10 - ns 

los (2) Data Setup Time 2 - 1 - ns 

tOH (2) Data Hold Time 4 - 3 - ns 

Flag Timing 

~EF Read High to Empty Flag High - 15 - 12 ns 

tRHF Read High to Half Full Flag Low - 35 - 30 ns 

tRFF Read High to Full Flag Low - 22 - 20 ns 

tWEF Write High to Empty Flag Low - 22 - 20 ns 

tWHF Write High to Half Full Flag High - 35 - 30 ns 

tRPE Read Pulse Width After EF High - 22 - 20 ns 

tpEV Write High to Parity Flag Valid - 22 - 25 ns 

tWFF Write High to Full Flag HIGH - 22 - 20 ns 

Reset Timing 

tRSC Reset Cycle Time 40 - 30 - ns • tRs (1) Reset Pulse Width 25 - 25 - ns 

tRSS Reset Setup Time 25 - 25 - ns 

tRSR Reset Recovery Time 10 - 10 - ns 

tEFH Reset to Empty Flag High - 25 - 20 ns 

~FL Reset to Half Full Flag Low - 25 - 25 ns 

tFFO Reset to Data Clear - 25 - 25 ns 

tRSP Reset to Parity Bits High - 25 - 20 ns 
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AC Electrical Characteristics (Continued) 

Parameter MS76502A·25 MS76502A·30 
Name Parameter Min. Max. Min. Max. Units 

fs Shift Frequency - 25 - 33 MHz 

Direction Control Timing (DIR) 

tDRWS DIR Change to ReadIWrite High Setup 40 - 30 - ns 

toRWH DIR Change to ReadIWrite High Hold 40 - 30 - ns 

toPH DIR Change to Error-Flag High 25 - 25 ~ ns 

81W Mode Timing (BIW) 

tMRWS BfW Mode Change to ReadIWrite High Setup 40 30 ns 

tMRWH BfW Mode Change to ReadIWrite High Hold 40 30 ns 

AO Access Timing (AO) 

tAORWS (2) AO Access Time Setup Time 3 3 ns 

tAORWH (2) AO Access Time Hold Time 8 5 ns 

Output Enable Timing (OE) 

toEDHZ(2) OE High to Output High-Z - 12 - 12 ns 

toEDLS OE Low to Output Low-Z - 12 - 12 ns 

Fall·Through Timing 

Write High to Empty Flag Low 25 20 ns 

Write High to Data Output Valid 10 35 10 30 ns 

NOTES: 
1. Pulse widths less than minimum values are not allowed. 
2. Values guaranteed by design, not currently tested. 
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AC Test Conditions 

Input Pulse Levels 

Input Rise and Fall Times 

Timing Reference Levels 

OVto 3.0V 

5ns 

1.5V 

AC Test Loads and Waveforms 

R14800 

MS16502A 

R14800 
5VO-----~..,.., 

OUTPUT 0----<.----___. 

5VO-----~..,.., 

OUTPUT O-~.----___. 

Equivalent to: 

30pF R2 I INCLUDING 2550 
-= JIGAND -= 

SCOPE 

Figure 18 

THEVENIN EQUIVALENT 

1670 
OUTPUT <>---'VII'v---O 1.73V 

ALL INPUT PULSES 

3.0V ---lr:=-~ 

GND 

Key to Switching Waveforms 

WAVEFORM INPUTS OUTPUTS 

MUST BE Will BE 
STEADY STEADY 

'\~~ MAY CHANGE Will BE 
FROMHTOl CHANGING 

FROMHTOl 

#//7 MAY CHANGE Will BE 
FROMl TOH CHANGING 

FROMl TOH 

XXXX DON'T CARE: CHANGING: 
ANY CHANGE STATE 
PERMITTED UNKNOWN 

CENTER 

22> ~ OOESNOT LINE IS HIGH 
APPLY IMPEDANCE 

"OFF"STATE 
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5pF R2 I INCLUDING 2550 
-= JIGAND -= 

SCOPE 

Figure 1b 
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Timing Wavefonns 

Data Out Timing - FIFO Contains 256 wordsCD 

RD CD 

PH,PL 
DATA-OUT ____ D_AT_A ___ ..J DATA 

EFF \~------------------------
HF -----------------------------------------------

Data Out Timing - FIFO Contains 129 Data Words <D 

RD CD 

PH,PL 
DATA-OUT _______________ ..J 

~ 128 words < 128 words 

EFF ---------------------------~-------------------

HF \~------------

Data Out Timing - FIFO Contains 2 Data Words <D 

RD CD ____ ..J 

PH,PL DATA-QUT _____________ -' DATA 

~ ! 
----------------------~ 

HF 
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Data In Timing - FIFO Contains 0 Words CD 

WR CD 

PH,PL 
DATA-IN DATA 

EFF 

HF 

PER STABLE PER 'I:lllX STABLE PER ';(lll;;!. STABLE"i5"ER '�:lllX ____ _ 

Data In Timing - FIFO Contains 126 Data WordsG) 

WR CD 

PH,PL 
DATA-IN DATA 

< 128 words ~ 128 words 

EFF 

HF ------------------------~! 
_____ 'I:lllX~ __ ~'I:lllX~ ____ 'I:lllX~ __ __ 

Data In Timing - FIFO Contains 254 Data Words G) 

WR 

PH,PL 
DATA-IN 

EFF 

HF 

CD 

DATA 

------------------------~! 

____ ~'I:lllX ______ 'I:lllX ______________ __ 
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MOSEL-VITELIC 
Master Reset Timing 

1+------tRsc-----*'I 
1+----tRSPW ---*'I 

1------1 t RSEF 
------,.I---~ tRSHF 

MRST 

EFF, PER 

HF 

DATA 

PH,PL 

RD, WR \\\\\\\\\\\\\\\\\\\\ 

Output Enable Control Timing 

I 

MS76502A 

OE _---JFtoro~J fl.-tO_EDLZ--+l ___ _ 

P~lr~ ). ~~ __________________ _ 

Miscellanious Control Timing 

Qto,~~ ~t_Q j-tMRWS'" :--tMRWHI 
tOARWS- tOARWH 

DIR 

BIW 

AO 

RD,WR ____ ~--__ ~r--\~----------------------
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Data In Timing - FIFO Contains 0 WordsG) 

Et~~r-----" 
WR 

PH,PL 
DATA-IN 

RD 

EFF 

DATA-OUT 

DATAl 

LO 

FIFO 
is Empty 

Direction Change to Parity Flag Cleared Timing 

DATAl 

MS76502A 

DIR 

t=tDPH=i 
----~;~o~;~/~n,J~---------------
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Ordering Information 

Speed Ordering Temperature 
(MHz) Part Number1) Package Range 

25 MS76502A-25JC 52 Pin Plastic PLCC 0·Cto+70·C 

30 MS76502A-3OJC 52 Pin Plastic PLCC O·Cto +70·C 
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MOSEL-VITELIC MS76542 
256 x 36x2 
BIDIRECTIONAL FIFO 

Features 
• Fast cycle times - 25/30/35 ns 
• Two 256 x 36 Bit FIFO Buffers 
• Wide 36-bit word width 
• Selectable 9/18/36-bit word width on port-B 
• Fully Asynchronous port-to-port communica

tions 
• High speed, port-synchronous clocking mecha

nism 
- Edge triggered clocks 
- RIW, Enable, & Address pins sampled on 

the rising clock edge 
- Synchronous request acknowledge 

handshake (optional) 
• Asynchronous output enables 
• Dedicated FIFO status flags for Empty, Half

Full, & Full flags 
• Programmable status flags for Almost Empty & 

Almost FiJlI 
• Mailbox registers with synchronized flags 
• Data bypass function 
• Data retransmit function 
• Byte parity check 
• TTL & CMOS compatible I/O 
• Area efficient QFP package 
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Description 
The MS76542 contains two FIFO buffers which 

operate in parallel but opposite directions for 
bidirectional data buffering. The two FIFO buffers 
are each organized as 256 words by 36 bits. The 
MS76542 is ideal for either wide unidirectional or 
bidirectional data applications, since component 
count and board area is reduced. 

Each port has its own port-synchronous clock, 
but the two ports may operate asynchronously 
relative to each other. Data flow is initiated on a port 
by the rising edge of the appropriate clock and read! 
write control signals. Clock duty cycles can vary 
from 40% to 60% without sacrificing performance. 

FIFO status flags monitor the extent to which the 
FIFO buffers have been filled. These include 
Empty, Almost Empty, Half Full, Almost Full, and 
Full flags for each FIFO. The Almost Empty and 
Empty Full flags are programmable over the entire 
FIFO depth, but are conveniently initialized to 8 
locations from the respective boundaries at reset. 

A synchronous request acknowledge handshake 
is provided on each port for FIFO data accesses. 
This request-acknowledge handshake resolves 
FIFO full and empty boundary conditions, when the 
two ports are operated asynchronously relative to 
each other. 

Two mailbox registers provide a separate path for 
passing control status words between ports. Each 
mailbox has a flag which is synchronized to the 
reading port's clock. This mailbox function can 
facilitate the synchronization of data transfers 
between asynchronous systems. 

A Data Bypass mode allows Port-A to directly 
transfer data to or from Port-B at reset. In this mode 
the device acts as a registered transceiver under 
Port-A control. For instance, a master processor on 
Port-A can use the Data Bypass feature to pass 
initialization or configuration information directly to 
or from a peripheral device on Port-B during a 
system start-up. 

A word width select option is provided on Port B 
for 9 bit, 18 bit, or 36 bit data accesses. This allows 
word width matching between Port A and B with no 
additional logic; and ensures maximum utilization of 
bus bandwidths. A Byte Parity Check Flag on each 
port ensures data integrity. These flags initialize for 
odd data parity at reset, but may be reprogrammed 
for even or odd parity. 

• 



MOSEL-VITELIC 
Signal Descriptions 

Reset (RS) 
This input must be driven LOW for a specified 

period of time to initialize the device. After 
initialization, this input must return to HIGH for 
proper operation of the device. 

When th~ RS input is LOW, the MS76542 is in 
data bypass mode of operation. See functional 
description for details. 

After initialization, the control section of the 
MS76542 will be in the default state. See functional 
description for details. 

A-Port Data Bus (DOA - D35A) 
These 36 bi-directional signals form the A-port 

data bus. If the OEA is HIGH, the A-port data bus 
receivers are enabled and the internal bus drivers 
are disabled. However, if the OEA input is LOW, the 
internal A-port data bus drivers are unconditionally 
enabled to drive the bus. 

During a FIFO write operation from the· A-port, 
36-bit information from this bus will be written into 
the FIFO#1. During this operation, the 36 bits 
present on this bus are treated as four 9-bit bytes 
(eight data bits and one parity bit). The four bytes of 
a 36-bit word are grouped as DOA - D8A, D9A -
D17A, D18A- D26A, and D26A - D35A. 

During a FIFO read operation, 36-bit read from 
FIFO 2 will be available on this bus. During read 
operations, the parity check logic treats DOA - D8A, 
D9A - D17A, D18A - D25A, and26A D35A as four 
parity protected bytes. 

B-Port Data Bus (DOB - D35B) 
These 36 bi-directional Signals form the B-port 

data bus. If the OEB is HIGH, the B-port data bus 
receivers are enabled and the internal bus drivers 
are disabled. However, if the OEB input is LOW, the 
internal B-port data bus drivers are unconditionally 
enabled to drive the bus. 

During a FIFO write operation from the B-port, 
36-bit information from this bus will be written into 
the FIFO 2. During this operation, the 36 bits 
present on this bus are treated as four 9-bit bytes 
(eight data bits and one parity bit). The four bytes of 
a 36-bit word are grouped as DOB - D8B, D9B -
D17B, D18B - D25B, and D26B - D35B. 

7-54 

. MS76542 

During a FIFO read operation, 36-bit read from 
FIFO#1 will be available on this bus .. During read 
operations, the parity check logic treats DOB - D8B, 
D9B - D17B, D18B - D25B, and D26B - D35B as 
four parity protected bytes. 

During FIFO read and FIFO write operations 
only, the 8-port bus width is determined by the 
WSO - WS1 inputs. See functional description for 
details. 

A-Port Clock (CKA) 
Free running A-Port clock input. 

B-Port Clock (CKB) 

Free running B-Port clock input. 

A-Port ReadlWrite Control (RIW A) 
Logic level at this input is sampled by the LOW

to-HIGH transition of the CKA input; HIGH specifies 
read and LOW specifies write. The actual read or 
write operation does not start until the ENA input is 
sampled HIGH also. 

A-Port ReadlWrite Enable (ENA) 
Logic level at this input is sampled by the LOW

to-HIGH transition of the CKA input. If this inpu.!Js 
sampled HIGH operation specified by the RIWA 
input is performed. 

B-Port ReadIWrite Control (R/WB) 
Logic level at this input is sampled by the LOW

to-HIGH transition of the CKB input; HIGH specifies 
read and LOW specifies write. The actual read or 
write operation does not start until the ENB input is 
sampled HIGH also. 

B-Port ReadIWrite Enable (ENB) 
Logic level at this input is sampled by the LOW

to-HIGH transition of the CKB input. If this input is 
sampled HIGH operation specified by the RlWB 
input is performed. 

A-Port Control Register Address (AOA - A2A) 
Logic level present on these three inputs is 

sampled by the LOW-to-HIGH transition of the CKA 
input to select various registers according to the 
following table: 
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ADA A1A A2A 

L L L AF2 Flag Offset Register 

L L H AE2 Flag offset Register 

L H L AFl Flag Offset Register 

L H H AEl Flag Offset Register 

H L L Odd/Even Parity Select 

H L H Select all flag offset registers 

H H L Mailbox 

H H H FIFO 

B-Port Control Register Address (AOB) 

Logic level present on this input is sampled by the 
LOW-to-HIGH transition of the CKB input. If 
sampled HIGH, FIFO operation is selected. On the 
other hand, if sampled LOW, the mailbox is 
selected. 

A-Port Output Enable (OEA) 
LOW on this input unconditionally enables the A

port data bus drivers and HIGH unconditionally 
disables them input high impedance state. 

B-Port Output Enable (OEs) 
LOW on this input unconditionally enables the s

port data bus drivers and HIGH unconditionally 
disables them input high impedance state. 

FIFO #1 Full Flag (FF1) 
LOW on this output indicates that the FIFO#1 is 

full and write operations into FIFO#1 are locked out. 
This output goes LOW on the LOW-to-HIGH 
transition of CKA input for a write operation that will 
fill the FIF0#1. This flag will go HIGH on the HIGH
to-LOW transition of the CKB input for a read 
operation from a full FIF0#1. This flag will be HIGH 
after reset. 

FIFO #2 Full Flag (FF2) 
LOW on this output indicates that the FIFO#1 is 

full and write operations into FIFO#2 are locked out. 
This output goes LOW on the LOW-to-HIGH 
transition of CKA input for a write operation that will 
fill the FIF0#2. This flag will go HIGH on the HIGH
to-LOW transition of the CKB input for a read 
operation from a full FIFO#2. This flag will be HIGH 
after reset. 

MS76542 

FIFO #1 Almost-Full Flag (AF1) 
LOW on this output indicates that the FIFO#1 has 

filled to a preset depth. The preset depth is 
determined by the values loaded into the AF1 Flag 
Offset Register. After a reset, the default value is 
eight words from the FIF0#1 end boundary. 
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FIFO #2 Almost-Full Flag (AF2) 
LOW on this output indicates that the FIFO#2 has 

filled to a preset depth. The preset depth is 
determined by the values loaded into the AF2 Flag 
Offset Register. After a reset, the default value is 
eight words from the FIF0#2 end boundary. 

FIFO #1 Half-Full Flag (HF1) 
LOW on this output indicates that FIFO#1 is half 

full from the physical end boundary. This output 
goes LOW during a write operation on the LOW-to
HIGH transition of CKA input that half fills the 
FIF0#1. This output goes HIGH during a read 
operation on the HIGH-to-LOW transition of the 
CKB input from the half full FIFO#1. 

FIFO #2 Half-Full Flag (HF2) 
LOW on this output indicates that FIFO#2 is half 

full from the physical end boundary. This output 
goes LOW during a write operation on the LOW-to
HIGH transition· of CKB input that half fills the 
FIFO#2. This output goes HIGH during a read 
operation on the HIGH-to-LOW transition of the 
CKA input from the half full FIF0#2. 

FIFO #1 Empty Flag (EF1) 
LOW on this output indicates that FIFO#1 

contains no valid data. This flag goes LOW on the 
LOW-to-HIGH transition of CKB input that empties 
the FIFO#1. This output goes HIGH on the LOW
to-HIGH transition of the CKA input for write into 
empty FIFO#1. 

FIFO #2 Empty Flag (EF2) 
LOW on this output indicates that FIFO#2 

contains no valid data. This flag goes LOW on the 
LOW-to-HIGH transition of CKA input that empties 
the FIFO#2. This output goes HIGH on the LOW
to-HIGH transition of the CKB input for write into 
empty FIFO#2. 

FIFO #1 Almost-Empty Flag (AE1) 
LOW on this output indicates that read operations 

from FIFO#1 reached to predetermined boundary. 
The predetermined boundary is determined by the 
value loaded into the AE1 Flag Offset Register. 
After a reset, the default value is 8 locations from 
the beginning FIF0#1 boundary. 
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FIFO #2 Almost-Empty Flag (AE2) 

LOW on this output indicates that read 
operations from FIFO#2 reached to 
predetermined boundary. The predetermined 
boundary is determined by the value loaded into 
the AE2 Flag Offset Register. After a reset, the 
default value is 8 locations from the beginning 
FIFO#2 boundary. 

A-Port Parity Flag (PF A) 
LOW on this output indicates that a parity error 

in one or more bytes of the information present 
on the A-Port data bus. 

A-Port Parity Flag (PFB) 
LOW on this output indicates that a parity error 

in. one or more bytes of the information present 
on the B-Port data bus. 

New Mail Alert Mallbox#1 (MBF1) 
LOW on this output indicates that information 

was written into Mailbox#1. When B-port reads 
the Mailbox#1,this output will go HIGH on the 
LOW-to-HIGH transition9fthe CKB input. This is 
a status indicator only and does not inhibit 
mailbox operations. 

New Mall Alert Mailbox #2 (MBF2) 
LOW on this output indicates that information 

was written into Mailbox#2. When A-port reads 
the Mailbox#2,this output will go HIGH on the 
LOW-to-HIGH transition of the CKA input. This is 
a status indicator only and does not inhibit 
mailbox operations; 

MS76542 

WS1 WSO 

L L 9-bit 

L H 18-bit 

H X 36-bit 

B-Port Word Width Select (WSO - WS1) 
Logic levels present on these two inputs specify 

the B-Port data width for FIFO operations only 
according to the following table. These pins have 
no effect on Data Bypass or Mailbox operations. 

FIFO #1 Retransmit (RT1) 
If this input is sampled LOW by the LOW-to

HIGH transition of the CKB input, the read pointer 
for FIF0#1 is reset to the first location. FIF0#1 
write pOinter is not effected. See. Operational 
Description section for details on retransmit 
operation. 

FIFO #2 Retransmit (RT2) 
If this input is sampled LOW by the LOW-to

HIGH transition of the CKA input, the read pointer 
for FIF0#2 is reset to the first location. FIFO#2 
write pOinter is not effected. See Operational 
Description section for details on retransmit 
operation. 
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A-Port Handshake (REQA & ACKA) 
These two signals are used for synchronous 

handshake by the A-Port. Detailed description is 
found in Operational Description section. 

A-Port Handshake (REQB & ACKB) 
These two signals are used for synchronous 

handshake by the B-Port. Detailed description is 
found in Operational Description section. 
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Pin Configurations 

VCCA VCCA 
D1GA D24A 

D9A D_ 

Ds.. 0_ 
VSSA VSSA 

D7A D27A 
D6A 0_ 
DSA D29A 

VCCA VCCA 
D4A 0_ 
D3A D31A 
D2A D32A 

VSSA VSSA 
D1A D33A 
DGA DaoA 
"1m" ~ 
RT1 TOP VIEW RT2 
DDB Vss 
D1B D35B 
D2B DaoB 

Vssa Vssa 
Daa D33B 
D.B D_ 
Ose D31B 

Vcca Vcca 
Dea 0_ 
078 0_ 
Dea 0_ 

Vssa Vssa 
Dge D27B 

D1DB 0_ 
D11B 0_ 
Vcca Vcca 
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Functional Block Diagram 

CKA 
RIWA 

ENA 
REQA 
ACKA 

FFl 
HFl 
AFl 

"'RT2 

-
---
--
-------

----.-

RESET 
LOGIC 

COMMAND 
PORT AND 
REGISTER 

-
PORTA 
SYNCH-
RONOUS 

CONTROL 
LOGIC 

f--

PORTA 
~ 1/0 

1 
PARITY 

CHECKING 

f---

-
~ 

BYPASS 

I 
MAILBOX 

REGISTERS 
#1 

I 
MAILBOX 

REGISTERS 
#2 

FIFO #1 
MEMORY ARRAY 

256x36 

t t 
WRITE READ 

POINTER POINTER 

+ + 
PROGRAMMABLE 
STATUS FLAGS 

PROGRAMMABLE 
STATUS FLAGS 

t -' 
READ WRITE 

POINTER POINTER 

+ + 
FIFO #2 

MEMORY ARRAY 
256x36 

RESOURCE 
REGISTERS 

COMMAND 
PORT AND 
REGISTER 

-
-

PORTB 
SYNCH-
RONOUS - CONTROL 

LOGIC -

- PORTB 
1/0 

I---
PARITY 

CHECKING 

~ 

f--

f--
f--
f--
f--
f---t--

=--r-... 

1IIS-,6542 

ADe 

CKe 
RlWe 
ENe 
REQe 
ACKe 



MOSEL-VITELIC 
Absolute Maximum Ratings (f) 

Parameter 

Supply Voltage to Vss Potential 

Signal Pin Voltage to Vss Potential 3 

DC Output Current 2 

Storage Temperature Range 

Power Dissipation (Package Limit) 

Operating Range 

Paramter 
Name Parameter 

TA Temperature. Ambient 

Vcc Supply Voltage 

Vss Supply Voltage 

VIL Logic LOW Input Voltage 3 

VIH Logic HIGH Input Voltage 

MS76542 

Rating 

-O.SVto 7V 

-O.SV to Vcc + O.SV 

±40mA 

-6S0C to lS0°C 

2 Watts (Quad Flat Pack) 

Min Max Unit 

0 70 °C 

4.S S.S V 

0 0 V 

-o.S 0.8 V 

2.2 Vcc + O.S V 

DC Electrical Characteristics (over operating range) 

Parameter 
Name Parameter 

ILl Input Leakage Current 

ILO I/O Leakage Current 

VOL Logic LOW Output Voltage 

VOH Logic HIGH OutputVoltage 

Icc Average Supply Current 4 

ICC2 Average Standby Supply Current 4 

ICC3 Power-Down Supply Current 4 

AC Test Conditions 

Parameter Rating 

Input Pulse Levels Vss to 3V 

Input Rise and Fall Times Sns 

(10% to 90%) 

Output Reference Levels 1.SV 

Input Timing Reference Levels 1.SV 

Output Load. Timing Tests See Loading 

Capacitance 5, 6 

Parameter Rating 

CIN (Input Capacitance) 8pF 

Co (OutputCapacitance) 8pF 

Test Conditions Min 

Vcc = S.SV. VIN = OV to Vcc -10 

OE ~ VIH• OV S VOUT S Vcc -10 

IOL=8.0mA 

IOH =-2.0mA 2.4 

Measured at fc = max 

All Inputs = VIHMIN (Clock idle) 

All Inputs = VCC - 0.2V (Clock idle) 

DEVICE 
UNDER 
TEST 

470 OHMS 

240 OHMS 

Max Unit 

10 !.LA 
10 !.LA 
0.4 V 

V 

280 mA 

mA 

mA 

+5V 

30pF * 

• INCLUDES JIG AND SCOPE CAPACITANCES 
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AC Electrical Characteristics (7) vcc = 5V ± 10%, T A = O·C to 70·C 

Parameter -25 -30 -35 
Name Description Min Max Min Max Min Max Unit 

fcc Clock Cycle Frequency - 40 - 33 - 28.5 MHz 

tec Clock Cycle Time 25 - 30 - 35 - ns 

teH Clock High Time 10 - 12 - 15 - ns 

tel Clock Low Time 10 - 12 - 15 - ns 

tos Data Setup Time 11 - 13 - 15 - ns 

toH Data Hold Time 0 - 0 - 0 - ns 

les Enable Setup Time 12 11 - 13 - 15 - ns 

tEH Enable Hold Time 12 0 - 0 - 0 - ns 

tAWS ReadlWrite Setup Time 13 - 15 - 18 - ns 

tRWH ReadlWrite Hold Time 0 - 0 - 0 - ns 

tROS Request Setup Time 12 15 - 18 - 21 - ns 

~QH Request Hold Time 12 0 - 0 - 0 - ns 

tAS Address Setup Time 12 15 - 18 - 21 - ns 

tAH Address Hold Time 12 0 - 0 - 0 - ns 

tA Data Output Access Time - 15 - 20 - 25 ns 

tACK Acknowledge Access Time - 17 - 20 - 25 ns 

toH Output Hold Time 5 - 5 - 5 - ns 

tzx Output Enable Time,OE LOW to Do - 035 Low-Z 8 5 - 5 - 5 - ns 

txz Output Disable Time,OE HIGH to Do - 035 High-Z 8 - 15 - 20 - 25 ns 

tEF Clock to EF Flag Valid (Empty Flag) - 20 - 25 - 30 ns 

tFF Clock to FF Flag Valid (Full Flag) - 20 - 25 - 30 ns 

~F Clock to HF Flag Valid (Half-Full) - 20 - 25 - 30 ns 

tAE Clock to AE Flag Valid (Almost-Empty) - 20 - 25 - 30 ns 

tAF Clock to AF Flag Valid (Almost-Full) - 20 - 25 - 30 ns 

tMBF Clock to MBF Flag Valid (Mailbox Flag) - 15 - 20 - 25 ns 

ipF Data to Parity Flag Valid - 17 - 20 65 25 ns 

tRs Reset/Retransmit Pulse Width 13 40125 - 52/30 - 65135 - ns 

~ss Reset/Retransmit Setup Time 9 20 - 25 - 30 - ns 

tRSH Reset/Retransmit Hold Time 9 10 - 15 - 20 - ns 

tRF Reset Low to Flag Valid - 35 - 40 - 45 ns 

tFRl First Read Latency 10 25 - 30 - 35 - ns 

~Wl First Write Latency 11 25 - 30 - 35 - ns 

les Bypass Data Setup 15 - 18 - 21 - ns 

tBH Bypass Data Hold 5 - 5 - 5 - ns 

leA Bypass Data Access - 20 - 25 - 30 ns 
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NOTES: 
1. Stresses greater than those listed under' Absolute 

Maximum Ratings' may cause permanent damage to the 
device. This is a stress rating tor transient conditions 
only. Functional operation of the device at these or any 
other conditions outside those indicated in the 'Operating 
Range' of this specification is not implied. Exposure to 
absolute maximum rating condRions hr extended periods 
may affect reliabilRy. 

2. Outputs should not be shorted for more than 30 seconds. 
No more than one output should be shorted at any time. 

3. Negative undershoot of 1 .5V in amplitude is permitted for 
up to 1 Ons, once per cycle. 

4. Icc, ICC2' and ICC3 are dependent upon actual output 
loading, and Icc is also dependent on cycle rates. 
Specified values are with outputs open; and, for Icc, 
operating at minimum cycle limes. 

5. Sample tested only. 
6. CapacRances are maximum values at 25°C, measured at 

1.0MHz wRh V1N - OV. 
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7. Timing measurements performed at 'AC Test Condition' 

levels. 
8. Values are guaranteed by design; not currently production 

tested. 
9. ~ss and/or tRSH need not be met unless a rising edge of 

CKA occurs while ENA is being asserted, or else a rising 
edge of CKA occurs while ENs is being asserted. 

10. ~L is the minimum first-write-to-first-read delay, following 
an empty condRion, which is required to assure valid read 
data. 

11. ~L is the minimum first-read-Io-firsl-write delay, following 
a full condition, which is required to assure successful 
writing of data. 

12. lAS, tAH address setup times and hold times need only be 
satisfied at dock edges which occur while the correspond
ing enables are being asserted. 

13. First number used only when CKA or CKs is enabled tRS = 

tRss + icH + tRSH. 

• 
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FuncnonalDescripUon 

Reset 
The device is reset whenever the asynchronous 

Reset (RS) input is taken to LOW state. A reset is 
required after power up before the first write 
operation may occur. The MS76542 is fully ready 
for operation after reset. No device programming is 
required if the default states described below are 
acceptable. 

A reset operation initializes the read address and 
write address pOinters for FIF0#1 and FIF0#2 to 
those FIFO 's first memory locations. FIFO and 
mailbox status flags are updated to indicate an 
empty condition. In addition, the programmable
status-fla!l2.ffset values are initialized to eight. 
Thus the AE1/AE2 flag gets asserted within e.!gbt 
locat~ons .of an empty condition, and the AF1/AF2 
flag likeWise gets asserted within eight locations of 
a full condition for FI FO#lIFI F0#2 respectively. 

Bypass Operation 
During reset (whenever RS is LOW) the device 

acts as a registered transceiver, bypassing the 
intemal FIFO memories. Port A acts as the master 
port. A write or read operation on Port A during 
reset transfers data directly to or from Port B. Port 
B is considered to be the slave, and does not permit 
write or read operations during reset. The direction 
of the ~ss data transmission is determined by 
the R/W A contrqUnput, which does not get 
overridden by the RS input. The bypass capability 
may be used to pass initialization or configuration 
data directly between a master processor and a 
peripheral device at reset. 

Address Modes 
Address pins select the device resource to be 

accessed by each port. Port A has three resource 
register select inputs, AoA, A1A, and A2A, which 
select between FIFO access, mailbox register 
access, flag offset value programming operating 
mode. Port B has a single address input Ace, to 
select between FIFO access or mailbox register 
access. The status of the resource register select 
inputs is sampled at the rising edge of an enabled 
clock (CKA or CKe). Select input definitions are 
summarized in Table 1. 
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Table 1. Resource Register Addresses 

A2A I A1A I AOA I RESOURCE 

PortA 

H H H FIFO 

H H L Mailbox 

H L H AF2, AE2, AF" AE, Flag 
Offset Registers 

H L L Parity Mode Bit 

L H H AE, Flag Offset Register 

L H L AF, Flag Offset Register 

L L H AE2 FlagOffset Register 

L L L AF2 Flag Offset Register 

AOB RESOURCE 

PortA 

H I FIFO 
L 

FIFO Write 
Port A writes to FIFO #1 and Port B writes to 

FIF0#2. A write operation is initiated on the rising 
edge of a clock (CKA or CKe) whenever: the 
appropriate enable (ENA or ENel!.s held HIGH; the 
Read/Write control (R/WA or R/We) is held LOW; 
the FIFO address is selected; and the prescribed 
setup and hold times must also be observed on the 
data bus pins DOA - D3AS or DOBO - DOB3S. 

When a FIFO full conditions is reached write 
operations are locked out. Following the first read 
operation from a full FIFO, another memory 
location is freed u~nd the corresponding Full Flag 
is deasserted (FF = HIGH). The first write 
operation should begin no earlier than a First Write 
Latency (tFWu after the first read operation from a 
full FIFO, to ensure that correct read data is 
retrieved. 
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FIFO Read 

Port A reads from FIF0#2, and Port B reads from 
FIFO #1. A read operation is initiated on the rising 
edge of a clock (CKA or CKB) whenever: the 
appropriate enable (E"!A. or ENslis held HIGH; the 
ReadIWrite control (RIWA or RIWB) is held HIGH; 
and the FIFO address is selected; and the 
prescribed setup and hold times are observed for all 
of these signals. Read data becomes valid on the 
data-bus pins by a time tA after the rising clock 
(CKA or CKB) edge, provided that the outputs are 
enabled. 

OEA and OEB are assertive-LOW, asynchronous 
output enables. Their effect is only to enable or 
disable the output drivers of the respective Port. 
Disabling the outputs does not disable a read 
operation; data transmitted to the corresponding 
output register will remain available later, when the 
outputs are again enabled, unless subsequently 
overwrite. 

When an empty condition is reached, read 
operations are locked out until a valid write 
operation(s) has loaded additional data into the 
FIFO. Following the first write to an empty FIFO, 
the corresponding empty flag (EF) will be 
deasserted (HIGH). The first read operation should 
begin no earlier than a First Read Latency (tFRU 
after the first write to an empty FIFO, to ensure that 
correct read data is retrieved. 

Dedicated FIFO Status Flags 
Si~edicateQ.£IFO status f@9.s are included for 

full (FFt.2nd FF21, half-ful!.JtiF1 an~HF2)' and 
empty (EF1 and EF2) FF1, HF...1.!...anQj:F1 indicate 
the status of FIFO #1; and FF2, HF2, and EF2 
indicate the status of FIFO#2. 

A full flag is asserted following the rising clock 
edge for a write operation that fills the FIFO. A full 
flag is deasserted following the falling clock edge 
for a read operation to a full FIFO. A half-full flag is 
upclated following the rising clock edge of a read or 
write operation to a FIFO. An empty flag is asserted 
following the riSing edge for a read operation that 
empties the FIFO. An empty flag is deasserted 
following the falling clock edge for a write operation 
to an empty FIFO. 

Programmable Status Flags 
Four programmable FIFO status flags are 

provided, two for almost-full ~1 and AF2) and two 
for almost empty (AE1 and AE2). Thus, each port 
has two programmable flags to monitor the status of 
the two internal FIFO buffer memories. The offset 
values for these flags are initialized to eight 
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locations from the respective FIFO boundaries 
during reset, but can be reprogrammed over the 
entire FIFO depth. 

Flag offsets may be written or read through the 
Port A data bus. All four programmable FI FO status 
flag offsets can be set simultaneously through a 
single 36-bit status word; or, each programmable 
flag offset can be set individually, through one of 
four 8-bit status words. Table 3 illustrates the data 
format for flag-programming words. 

Mailbox Operation 
Two mailbox registers are provided for passing 

control/status words between ports. Each port can 
read its own mailbox and write to the other port's 
mailbox. Mailbox access is performed on the rising 
edge of the controlling FIFO's clock, with the 
mailbox address selected and the enable (ENA or 
ENB) HIGH. That is, writing to Mailbox Register#1, 
or reading from Mailbox Register#2, is the 
synchronized to CKA; and writing to Mailbox 
Register#2, or reading from Mailbox Register#1, is 
synchronized to CK.&.-

The RIWNB and OENB pins control the direction 
and availability of mailbox register access. Each 
mailbox register has its own New-Mail-Alert 
Flag,which is synchronized to the reading port's 
clock. These New-Mail-Alert Flags are status 
indicators only, and cannot inhibit mailbox register 
read or write operations. 

Request Acknowledge Handshake 
An optional, synchronous, request-acknowledge 

handshake feature is provided for each port, to 
perform boundary synchronization between 
asynchronously-operated ports. The Request input 
(REONB) is samJ)led at a rising clock edge. With 
REONB HIGH, RIW NB determines whether a FIFO 
read or FIFO write operation is being requested. 
The Acknowledge output (ACKNB) is updated 
during the following clock cycle(s).ACKNB meets 
the setup and hold time requirements of the Enable 
input (ENA or ENB). Therefore, ACKNB may be tied 
back to the enable input to directly gate FIFO 
accesses, at a slight decrease in maximum 
operating frequency. 

The assertion of ACKNB signifies that REONB 
was asserted. However, ACKNB does not depend 
logically on ENNB; and thus the assertion of ACKNB 
does not prove that a FIFO write access or read 
access actually did occur. While REONB and ENNB 
are being held HIGH, ACKNB may be considered as 
a synchronous, predictive boundary flag. That is 

• 
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ACKAIB acts as a synchronized predictor of the full 
flag for write operations, or as a synchronized 
predictor of the empty flag for read operations. 
Outside the 'almost-empty' region, ACKAIB remains 
continuously HIGH. Within the 'almost-full' region 
or the 'almost-empty' region, ACKAIB occurs only on 
every third cycle, to prevent an overrun of the 
FIFO's actual full or empty boundaries and to 
ensure that the tFWL (first write latency) and tFRL 
(first read latency) specifications are satisfied 
before ACKAIB is received. The 'almost full region' 
is defined as that region, where the almost-full flag 
is being asserted, 'and the 'almost-empty region' as 
'that region, where the almost-empty flag is being 
asserted.' Thus the extent of these 'almost' regions 
depends on how the system has programmed the 
offset values for the Almost-Full Flags and the 
Almost-Empty Flags. If the system has not 
programmed them, these offset values remain at 
their default values, eight in each case. 

If a write attempt is unsuccessful because the 
corresponding FIFO is full, or if a read attempt is 
unsuccessful because the corresponding FIFO is 
empty, ACKAIB is not asserted in response to 
REOAlB· 

If the REO/ACK handshake is not used then the 
REOAIB input may be used as a second enable 
input at a possible minor loss in maximum operating 
speed. In this case the ACKAIB output may be 
ignored. 

WARNING: Whether or not the REO/ACK hand 
shake is being used the REOAIB input for a port 
must be asserted for the corresponding FIFO to 
operate. 

Data Retransmit 
A retransmit operation resets the read-address 

pointer of the corresponding FIFO(#1 or #2) back to 
the first FIFO physical location, so that data may be 
reread. The write pointer is not affected. The status 
flags are updated;and a block of up to 256 data 
words, which previously had been written and read 
from a FIFO, can be retrieved.The block to be 
retransmitted is bounced by the first FIFO location 
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and the FIFO location addressed by the write 
pOinter. FIFO#1 retransmit is initiated by strobing 
the RTl pin LOW. FIF0#2 retransmit is initiated by 
strobing the RT2 pin LOW. Read and write 
operations to a FIFO should be stopped while the 
corresponding Retransmit signal is being asserted. 

Parity Check 
The parity Check Flags, PFA and PFB, reflect the 

parity status of the data present on the 
corresponding port's data bus. The four bytes of a 
36-bit word are grouped as 00 - °8, 0 9 - °17, 0 18 -°25, and 026 - 035; the parity of each 9-bit byte is 
individually checked, and the four single bit parity 
indications are logically ORed to produce the 
Parity-Flag output. Parity checking is initialized for 
odd parity at reset, but can be reprogrammed for 
even or odd parity during operation. 

Word-Width Selection on Port B 
The word width of data access on Port B is 

selected by the WS1 and WSo control inputs. WS1 
is tied HIGH for 36-bit access.WS1 and WSo are 
both tied LOW for single-byte access. For double
byte access, WS1 is tied LOW and WSo is tied 
HIGH. 

In the Single-byte or double-byte access mode, 
FIFO write operations on Port B pack the data to 
form 36-bit words when viewed from Port A. 
Similarly, single-byte or double-byte FIFO read 
operations on Port B essentially unpack 36-bit 
words through a series of shift operations. FIFO 
status flags are updated following the last access 
which forms a complete 36-bit transfer. 

Note that the word-width programming feature is 
only supported for FIFO accesses. Mailbox and 
Oata Bypass operations do not support word-width 

Table 2. Port B Word-Width Selection 

WS, WSo PortB Data Width 

H H 36-Bit 

H L 36-Bit 

L H 18-Bit 

L L 9-Bit 
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D34A -D27A 

x AF2 Offset' x AE2 Offset' x AF, Offset' x AE, Offset' 

x ... x AE, Offset 1 

8-BIT AF1 Flag (A2A• A1A• AOA) = 0.1.0 

x ... x AFT Offset 1 

x ... x AE2 Offset 1 

OrA - DOA 

x ... x AF2 Offset 1 

Parity Mode (A2• A1• Ao) = 1. O. 0 (Write Only) 

x ... x Parity Mode 2 

NOTES: 
1. All four programmable-flag-offset values are initialized to eight (8) during a reset operation. 
2. Odd parity = HIGH; even parity = lOW. The parity mode is initialized to odd during a reset operation. 

Table 3. Flag Programming Words • 
Valid Read Cycles Remaining Valid Write Cycles Remaining 

Flag Flag = Low Flag = High Flag = Low Flag = High 

Mlin Max Mlln Max Mlln Max Mlln Max 

FF 256 256 0 255 0 0 1 256 

AF 256-offset 256 0 255-offset 0 offset offset + 1 256 

HF 129 256 0 128 0 127 128 256 

AE 0 offset offset + 1 256 256-0ffset 256 0 255-offset 

EF 0 0 1 256 256 256 0 255 

Table 4. Flag Definition Table 
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Port B Word-Width Selection 

PORT 
A 

36-Bit Data Stream 

18 

Bits 0-17 

1~ Data Stream 

BD35B 

18 
D 1SB 

PORT 
B 

MS76542 

1st Halfword, then 2nd Halfword 18 (1st Halfword) 
~----~----~-----4 DOB 

18-t0-36 Defunnellng Through FIFO #2 

36-Bit Data Stream 9-BH Data Stream 

D35A 

8

D35B 9 
9 D27B D27A 

D26A 8D~B 
D 1SA 

9 D1SB 

PORT PORT 
A B 

D17A 

8

D17B 

DSA DSB 

DSA DSB 

9 Bits 0-8 1 st Byte, then 2nd Byte, then 3rd Byte, then 4th Byte 

DOA 
(1st Byte) 

DOB 

9-t0-36 Defunnellng Through FIFO #2 

NOTES: 
1. The heavy black borders on register segments Indicate 

the only data paths used. The other byte segrnents of 
Port B do not participate in the data path during 
defunneling. 

2. The defunneling process does not change the ordering of 
bits within a byte. HaHwords or bytes are transferred in 
parallel form from Port B to Port A. 
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3. The word-width setting may be changed during system 
operation; however, two clock intervals should be allowed 
for these signals to settle, before again attemping to send 
data. Also, incomplete data words may occur when the 
word width is changed from shorter to longer, at an 
inappropriate point in the data block passing through the 
FIFO. 
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Port B Word-Width Selection 

PORT 
A 

36-Bil Data Stream 

D35A 

18 

18 

Bits 18-35 
(2nd Halfword) 

Bits 0-17 
(1 sl Halfword) 

MS76542 

18-Bil Data Slreams 

D35B 

18 2nd Halfword, then 151 Halfword 

D 18B 

PORT 
B 

D17B 

18 lsI Halfword, then 2nd Halfword 

DaB 

36-to-18 Funneling Through FIFO #1 

36-BR Data Stream 9-BR Data Streams 

035A 
Bits 27-35 °35B 

9 (41h Byte) 4th Byte, then 1 st Byte, then 2nd Byte, then 3rd Byte 

D27A °27B 

°2SA °26B 

9 Bits 18-26 3rd Byte, then 4th Byte, then 1st Byte, then 2nd Byte 

01BA 
(3rd Byte) D l6B 

PORT PORT 
A B 

D17A Bits 9-17 °17B 

9 (2nd Byte) 2nd Byte, then 3rd Byte, then 4th Byte, then 1st Byte 

°eA 09B 

DSA OeB 

9 BitsQ-8 151 Byte, then 2nd Byte, then 3rd Byte, then 41h Byte 

°OA 
(151 Byte) 

DaB 

36-to-9 Funneling Through FIFO #1 

NOTES: 
1 . The heavy black borders on register segments indicate 

the main data path. suitable for most applications. 
Alternate paths feature a different ordering of bytes within 
a word. at Port B. 

2. The funneling process does not change the ordering of 
bits within a byte. Halfwords or bytes are transferred in 
parallel form from Port A to Port B. 
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3. The word-width setting may be changed during system 
operation; however. two clock intervals should be allowed 
for these signals to settle. before again attemping to read 
OOB - 035B. Also. Incomplete data words may occur when 
the word width is changed from shorter to longer. at an 
inappropriate point In the data block passing through the 
FIFO. 

II 
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eKe 

ENe 

EF,AE 

HF, AF, FF, MBF 

Reset Timing 

NOTES: 
1. RS overrides all other input signals, and operates 

asynchronously. RS operates whether or not ENA andlor ENe 
are asserted. 

2. ~ss' tASH need not be met unless the rising edge of CKA andl 
or CKe occurs while that clock Is enabled. 

3. The parity check is initialized to odd byte parity at reset. 
4. The AE and AF flag of offsets are initialized to eight locations 

from tha boundary at reset. 
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OE B 

DOB - D35B BYPASS IN 

BYPASS 
IN 

MS76542 

BYPASS DATA OUT 

Data Bypass Timing 

NOTES: 
1. tRSS. tRSH need not be met unless the rising edge of CKA• 

or CKe occurs while that clock is enabled. 
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2. Port A is considered the master port for bypass operation. 
Thus. CKA• RiWA• and ENA control the transmission of 
data between ports at reset. fI 
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READ FROM 

FIFO #2 
WRITE TO 

FIFO #1 

MS76542 

Port A FIFO ReadIWrite 

NOTES: 
1. The Port A Parity Error Flag (PF A) reflects the parity status of 

data present on the data bus. 

2. The status of OEA does not gate read or write operations. 

3. If OEA is left lOW during a write operation, then the previous 
data held in the output latch is written back into FIFO #1. 
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eK B 

R/W B 

ENB 

AOB 

DOB - D35B 

READ FROM 
FIFO #1 

tcc 

WRITE TO 
FIFO #2 

MS76542 

Port B FIFO ReadIWrlte 

NOTES: 
1. The Port B Parity Error Flag (PFBI reflects the parity 

status of data .E!..esent on the data bus. 
2. The status of OEB does not gate read or write operations. 
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3. If OEB is left LOW during a write operation. then the 
previous data held in the output latch is written back into 
FIFO #2. II 
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RiW A 

AOA 

CKe 

DOA - D3SA 

WRITE TO 
MAILBOX #1 

MAXIMUM OF 2 CKe 
CYCLES LATENCY 

READ FROM 
MAILBOX #2 

MS76542 

MAILBOX OUT 

Port A Mailbox Access 

NOTES: 
1. Both edges ot MBF2 are synchronized to the Port A clock, 

CKA• 
2. Both edges of MBF, are synchronized to the Port B clock, 

CKs· 
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3. There is a maximum of 2 CKB clock cycles of synchroniza
tion latency before MBF, is asserted to indicate valid new 
mailbox data. 

4. The status of mailbox flags does not prevent mailbox read 
or write operations. 
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MAILBOX OUT 

Port B Mailbox Access 

NOTES: 
1. Both edges ot MBF2 are synchronized to the Port A clock, 

CKA• 
2. Both edges of MBF, are synchronized to the Port B clock, 

CKe· 
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3. There is a maximum of 2 CKA clock cycles of synchroniza
tion latency before MBF2 is asserted to indicate valid new 
mailbox data. 

4. The status of mailbox flags does not prevent mailbox read 
or write operations. 

• 
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FLAG DATA OUT 

Flag Programming 

NOTES: 
1. For valid flag address codes and data formats, see Table 

3. 
2. If flag status is aHered by flag programming, the updated 

flags will be valid within a time ~F. 
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ENA (ENe) 

Empty Flag Timing 

NOTE: 
~A. AlA. AoA. and Aoa are all HIGH for FIFO access. 

II 
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ENA (EN B) 

Almost-Empty Flag Timing 

NOTE: 
A.zA. A'A. AoA. and AcB are all HIGH for FIFO access. 
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Full Flag Timing 

NOTE: 
~A' A'A' AOA• and AcB are all HIGH for FIFO access. 

• 
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RIWA (RIWB) 

Almost-Full Flag Timing 

NOTE: 
A2A• A'A. AoA. and Aos are all HIGH for FIFO access. 
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CKA (CKs) 

Half-Full Flag Timing 

NOTE: 
Av,. AlA. ADA. and Ace are all HIGH for FIFO access. 

II 
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... 

~ 

LiJJ 
tES tEH tES tEH tES 

L!J ~\ \' ,\\ ~I 1 1 1 17 
tASH tAS tASS 

tASH tASS 

eKe J 

~ 

R/We \W 
tES tEH tES tEH tES 

ENe f.iJ ,\ \ \ \ \ :;III/: 

FIFO #2 Retransmit 

NOTES: 
1. ~SS and lASH need not be mel unless a rising edge of 

CK,. or CKs occurs while thaI clock is enabled. 
2. ~Ss is lhe time needed 10 deassert RT 2 before returning 

to a normal FIFO cycle. 

3. lASH is Ihe time needed before asserting RT 2 after a 
normal FIFO cycle. 
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eKe 

~ 
RlW e !J.iJ 

t ES tEH t ES tEH t ES 

ENe !JJ :\\ \\\ /////: 
tRSH t RS tRSS 

tRSH tRSS 

~ 

\W 
tEs tEH tES tEH t ES 

!JJ ~\ \ \ \ \ ~/ / / / /; 

FIFO #1 Retransmit 

NOTEs: 
1. ~ and tRSH need not be met unless a rising edge of 

CKA or CKB occurs while that clock is enabled. 
2. ~SS is the time needed to deassert RTl before returning 

to a normal FIFO cycle. 
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3. ~SH is the time needed before asserting RT 1 after a 
normal FIFO cycle. 
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EF 1 

eKs 

RlWs 

ENs 

Dos - D35S PREVIOUS DATA N2 

FIFO #1 Write and Read Operation In Near-Empty Region 

NOTES: 
1. ":::u,. AlA' AOA and Ace are all held HIGH for FIFO access. 4. tFRL (First Read Latency) - the first read following an 

empty condition may begin no earlier than ~RL after the 
first write to an empty FIFO. to ensure that valid read data 
is retrieved. 

2. OEA is held HIGH. 
3. OEe is held LOW. 
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eK B 

RIWB 

ENB 

DOB - D35B 

R/W A 

DOA - D35A PREVIOUS DATA N2 

FIFO #2 Write and Read Operation In Near-Empty Region 

NOTES: 
1. A2A• AlA. AOA and AcB are all held HIGH for FIFO access. 4. tFRL (First Read Latency) - the first read following an 

empty condition may begin no earlier than tFRL after the 
first write to an empty FIFO. to ensure that valid read data 
is retrieved. 

2. OEA is held HIGH. 
3. OEB is held LOW. 
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eK B 

EN B 

DOB - D35B PREVIOUS DATA 

FIFO #1 Read and Write Operation In Near-Full Region 

NOTES: 
1. ~, A'A, AOA and Ace are all held HIGH for FIFO access. 
2. OEA is held HIGH. 
3. OEe is held lOW. 

4. tFWL (First Write latency) - the first write following a full 
condition may begin no earlier than ~L after the first 
read from a full FIFO, to ensure that valid write data is 
written. 
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eKs 

ENs 

Doe - D35S 

tes 

PREVIOUS DATA 

FIFO #2 Read and Write Operation In Near-Full Region 

NOTES: 
1. ~. A'A. AOA and !\oB are all held HIGH for FIFO access. 
2. OEA is held LOW. 
3. OEB is held HIGH. 
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4. tFWL (First Write Latency) - the first write following a full 
condition may begin no earlier than ~L after the first read 
from a full FIFO. to ensure that valid write data is written. 

II 
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CK B 

RJW B 

ENB 

DOB - D17B 

WORD#n 

----~~~ 

I 
WORD#n 

WORD#n+1 

xxx 1~ xxx 
I 

WORD#n+1 

BITS 
0-17 

WORD#n+2 

XXX lB~ 
I 

WORD#n+2 

MS76542 

Port B Double-Byte FIFO #1 Read Access for 38-to-18 FunnelIng 

NOTES: 
1. ~ is held HIGH for FIFO access. 
2. OEB is held lOW. 

CK B 

RlWB 

ENB 

Doe - D17B 

I 
WORD#n WORD#n+1 

3. WSo is held HIGH and WS1 is held lOW for double-byte 
access. 

WORD#n+2 

BITS 
18-35 

Port B Double-Byte FIFO #2 Write Access for 18-t0-36 DefunneUng 

NOTES: 
1. ~ is held HIGH for FIFO access. 
2. OEB is held HIGH. 
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3. WSo is held HIGH and WS1 is held lOW for double-byte 
access. 
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DOB - D8B 

I 
WORD#n 

------~~ 

I 
WORD#n 

BITS 
18-26 

IIS76542 

WORD#n+1 

~ ~ 
I 

WORD#n+1 

Port B Single-Byte FIFO #1 Read Acceaa for 38-too9 Funneling 

NOTES: 
1. ~ is held HIGH for FIFO access. 
2. OEB is held LOW. 

CK B 

ENB 

DOB -D 8B 

WORD#n 

3. WSo and WS1 are both held LOW for single-byte access. 

WORD#n+1 

BITS 
9-17 

Port B Single-Byte FIFO #2 Write Acceaa for 9-t0-38 Defunnellng 

NOTES: 
1. ~ is held HIGH for FIFO access. 3. WSo and WS, are both held LOW for single-byte access. 
2. OEB is held HIGH. 
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acknowledge is continuous occurs on every third cycle to prevent overrun 
Outside the 'almost-full' region, -+- Within the 'almost-full' region, acknowledge 

for a continuous request. of the full condition. 

REQ A (REQ a) 

ACK A (ACK a) 

Write Request/Acknowledge Handshake 

NOTES; 
1. For a FIFO access to occur, REO and EN must be hBld 

HIGH for thB required setup and hold times. 
2. ACK can be tied directly to EN to directly gate FIFO 

accesses. 
* Indicates where a write would taka place, if ACK were 
tied to EN. 

3. REQ must be maintained HIGH throughout the entire 
clock cycle for ACK to be generated. 

4. When the REOIACK handshake is not used, ACK can be 
ignored, and REO may be tied HIGH or used as a second 
enable. 
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acknowledge is continuous occurs on every third cycle to prevent overrun 
Outside the 'a1most-empty' region, -+- Within the 'almost-empty' region, acknowledge 

for a continuous request. of the full condition. 

R/WA (RlWs) 

REO A (REO B) 

ACK A (ACK B) 

Read Request/Acknowledge Handshake 

NOTES: 
1. For a FIFO access to occur. REO and EN must be held 

HIGH for the required setup and hold times. 
2. ACK can be tied directly to EN to directly gate FIFO 

accesses. 
* Indicates where a read would take place. if ACK were 
tied to EN. 
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3. REO must be maintained HIGH throughout the entire 
clock cycle for ACK to be generated. 

4. When the REQ/ACK handshake is not used, ACK can be 
ignored, and REO may be tied HIGH or used as a second 
enable. 

• 
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Ordering Information 

Ordering Temperature 
Speed Part Number Package Range 

25 MS76542-25QC 132 Pin Plastic Flat Pack O·Cte +70·C 

30 MS76542-300C 132 Pin Plastic Flat Pack O·Cte +700C 

35 MS76542-35QC 132 Pin Plastic Flat Pack O·Cto +700C 

7-90 
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MOSEL-VITELIC MS622424 PRELIMINARY 
HIGH PERFORMANCE 
BKx24 BIT 
CMOS COLOR MAP 

Features 
• Color Index Mode supports up to 8192 simulta

neous colors out of 16.7 million total colors 
• 24-bit RGB Mode allows full true color display 
• High-speed operation capable of supporting 

resolutions up 1280 x 1 024 
• Available in 10o-pin PQFP 
• Unique "Write-Buffer" at MPU port permits 

dualport-like operation using an economical 
singleport memory core 

• All TTL compatible inputs and outputs 
• 70 MHz pipelined operation 
• Standard MPU Interface 

PIXIN23 
PIXIN22 
PIX,N21 
PIXIN20 
PIXIN19 
PIXIN18 

vss 
vss 

CLOCK.lN 
PIXIN17 
PIXIN16 
PIXIN15 
PIXIN14 
PIXIN13 
PiXIN12 

vee 
vee 

PIXINll 
PIXIN10 
PIXIN9 
PIXIN8 
PIXIN7 
PIXIN6 
PIXINS 
PIXIN4 
PIXIN3 
P1XIN2 
P1XIN1 
PIXINO 

vss 

10o-pin PQFP 
PIN CONFIGURATION 

Top View 

MS622424 Rev. 00 December 1992 

vee 
POU'T23 
POUT22 
POU'T21 
POUT2Q 
vss 
POUT19 
POUT18 
POUT17 
POune 
POUT15 
POUT14 
POUT13 
POUTlZ 
vss 
POUT11 
POUT10 
POUT9 
POUTS 
vee 
vee 
POUT7 
POUT6 
POUT5 
POUT4 
vss 
POUTS 
POUT2 
POUT1 
POUTO 
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Description 
The MS622424 is a high performance, full 

CMOS, 8K x 24, 192K-bit pipelined static memory. 
This device is specifically designed for use as a 
color look-up table in high resolution video display 
systems. When two of these devices are operated 
in parallel at 70 MHz, the resulting system will be 
capable of supporting a display of 1280 x 1024 bit 
mapped color graphics with 13 bits per pixel in the 
Color Index Mode or 24 bits per pixel in the RGB 
Mode. 

In the Color Index Mode, three intemal 8Kx8's 
provide 8192 simultaneous colors from a 16.7 
million color palette. The palette can be partitioned 
into several smaller palettes thereby supporting 
multiple window display. In the RGB Mode, the 24-
bit input can be gamma corrected on one of three 
gamma correction tables. The 24-bit gamma 
corrected value will then be presented at the output. 

This device is implemented in full CMOS for low 
power consumption, and is available in an 10o-pin 
plastiC quad-flat-pack. 

• 
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Pin Descriptions 

Pin Name Description 

PIXINO-PIXIN23 These inputs are latched on the rising edge of CLOCK.lN. The PIXINO-PIXIN23 
can be utilized in two different modes. In the Color Index Mode, PIXINO-PIXIN12 
are used to look up a 24 bit color from a palette of 8192 colors; the higher order 
bits in this mode are ignored. 

In the RGB Mode, PIXINO-PIXIN7, PIXIN8-PIXIN15, and PIXIN16-PIXIN23 will 
address a red, green, or blue color value, respectively, from the 8K color palette. 
Intemally, the five higher order bits are appended to the 8-bit addresses to 
compose the necessary 13 bits to address 8K locations. The five appended bits 
can be one ofthree values:(1)11101, (2)11110, or (3)11111. 

These binary addresses are expressed with the most significant bit on the left. The 
RGB Mode and five higher order bits are determined by the values of PIX.RGBO 
and PIX.RGB1. 

PIX.RGBO-PIX.RGB1 These two input pins select Color Index Mode or RGB mode. The table below 
defines the selection associated with the values of these two bits. 

PIX.RGB1 PIX.RGBO SELECTION 

0 0 Color Index Mode 
0 1 RGB Mode, 11101 + 8-bit address 
1 0 RGB Mode, 11110 + 8-bit address 
1 1 RGB Mode, 11111 + 8-bit address 

These two bits are latched on the rising edge of CLOCK.lN. 

PIPE.lNO-PIPE.lN3 These four input pins are provided for the video timing signals such as CBLANKB 
and CSYNCB. Intemally, these signals will go through the same number of 
pipeline stages as the pixel data. The video timing signals will subseqently appear 
at the PIPE.OUT outputs, and synchronized with the appropriate color data. These 
inputs are also latched by the rising edge of CLOCK.lN 

CLOCK.lN This is the clock input pin. The CLOCK.lN controls the latching output and 
subsequent processing of the pixel data and video timing signals. 

POUTO-POUT23 Color information output pins. POUTO-POUT7, POUT8-POUT15, and POUT16-
POUT23 are the red, green, and blue color data, respectively. 

PIPE.OUTO-PIPE.OUT3 Video timing signals output pins. The output data is synchronized with the color 
data is output on these pins. Fig. 1 describes intemal pipeline data path flow. 

CEB1,CEB2 The chip enable input pins. MPU read and write cycles are performed by bringing 
either of these pins low. The falling edge of this signal latches information from the 
RlWB, CONFIGSEL, and CONFIGBUS pins. 

RlWB Read and write control input pins. When latched by the falling edge of CEB, this 
signal determines whether the following operation is a read or a write. A read 
operation is performed when this signal is high, and a write operation is performed 
when this signal is low. 

CONFIGBUSO-CONFIGBUS7 These pins are used for data 1/0. RAM and register data are input and output 
through these pins. These pins are used for read and write tolfrom RAM and 
register. 

CONFIGSELO-CONFIGSEL2 The device configuration input pins. These inputs specify the type of read or write 
operation to perform. The particular RAM or register operation is defined by the 
truth table. This information is latched on the falling edge of CEB. 

CBLANKB Blanking status output pin. This signal indicates to the device that a blanking 
period is taking place so it is therefore permissible to change data in the palette 
RAM. 
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Pin Descriptions (Cont'd) 

Pin Name 

RSB 

AFB 

FFB 

VssfTEST 

Description 

Reset input pin. This asynchronous system reset initializes state machines and 
resets the Address, Status, and Color Buffer registers. It also resets the Write 
FIFO so that it is empty of any contents. It resets command register bits CB2-CB7 
and sets bits CB~B1. During a reset, CONFIGBUS~ONFIGBUS7 are in 
tri-state. 

The FIFO status output pin. This active low output indicates that the Write FIFO is 
half or almost full. This active low output can be programmed by a bit in the 
Command Register to indicate that the FIFO is at least half full or is almost full 
(eight or less empty locations left). 

The FIFO status output pin. This active low output indicates that the Write FIFO 
is full. 

This pin should be grounded for normal operation. 

BD.REV(D-3) Board revision input pins. These input pins can be pull-up to Voo or pull-down to 
Vss. The BD.REV data can be read though the revision register. 

CLOCK.lN 
1--------------------------------------1 

I 
I 
I 

SENSE OUTPUT I 
AMPLIFIER I 

I 
PIX.lN(0-23} ~--~ 

PIPE.lN(0-3} --L __ ~ LATCH LATCH LATCH 

: 1 2 3 4 I 
I I 
~-------------------------------- ______ I 

Figure 1. Internal Pipeline Data Path for Pixel and Pipe Input Data 
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POUT(0-23} 

PIPE.OUT(0-3} 

• 
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Intemal Registers 

Command Register The Command Register is an B-bit register. 

CBO 

CB1 

CB2 

CB3 

CB4 

CB5-GB7 

Status Register 

SBO 

SB1 

SB2 

SB3 

SB4 

SB5-SB7 

PIPE.lNO reset 

PIPE.lN1 reset 

PIPE.lN2 set 

PIPE.lN3 set 

HFBlAFB 

Reserved 

CB5-CB7 

~ 

07 DO 

This bit is internally ANDed with PIPE.lNO. Thus when CBO is "0", then 
PIPE.OUTO will always be ''0" 

This bit is internally ANDed with PIPE.lN1 . Thus when CB1 is "0-, then 
PIPE.OUT1 will always be "0" 

This bit is internally ORed with PIPE.lN2. Thus when CB2 is "1", then 
PIPE.OUT2 will always be "1" 

This bit is internally ORed with PIPE.lN3. Thus when CB3 is "1", then 
PIPE.OUT3 will always be "1" 

This bit programs the AFB flag indicator. When this bit is "0- the AFB pin 
will indicate that the FIFO is half full. When this bit is "1" AFB will indicate 
almost full. 

Reserved for internal use. 

The Status Register Is an B-bit register. 

SB5-SB7 

~ 

07 DO 

RGBO LSB of RGB counter. RGBO and RGB1 form two bits of a modulo three 
counter that determines which color is operated on (read only). 

RGB1 MSB of RGB data counter(read only). 

EFB Empty Flag; Write FIFO is empty when this bit is low. 

HFB/AFB Half or Almost-Full Flag; Like the external AFB pin, this bit can be 
programmed by CB4 to indicate that the Write FIFO is at least half full or 
at least 7/8 full (eight or fewer empty locations left). 

FFB Full Flag; Write FIFO is full when this bit is low. 

Reserved Reserved for internal use. 

Revision Register The Revision Register is an B-bit register. 

f 
07 

RVBO REVO 

RVB1 REV1 

RVB2 REV2 

RVB3 Reserved 

RVB4-RVB7 REV4-7 

RVB4-RVB7 
A 

DO 

LSB of Revision Register. This register is mask programmed to indicate 
the revision number. 

Second bit of Revision Register. 

MSB of Revision Register. 

Reserved for internal use. 

Corresponds to board revision input BD.REV0-3 
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MOSEL-VITELIC MS622424 

Functional Block Diagram 

PIXIN(O-23) 
r-~~~~~~~-'13 

rg~~L=t~3H'-----+-l3:1 MUX 
I- 13 

1-7''------+-+-1 3: 1 MUX POUT(O-23) 

PIX.RGB(Q-1 ) 1-1"'3'---_--+-+-13:1 MUX L-__ ~~~~~ __ ~ 

CEB1 
CEB2 
RIWB 

FIFO AOOR 13 

CONFIGSEL(Q-2) 
CONFIGBUS(Q-7) 

CBLANKB 

FIFORGB24 

24 

ASB I-----------------------~AFB 

BO.REV(0-3) !===::::==================:::;----. FFB 
CLOCK.lN -----.j 

PIPE.lN(0-3) --.lL-_______ P_IP_EL_IN_E_S_YN_C_H_A_ON_I_ZA_T_ION_PA_T_H ______ ~-------I •• PIPE.OUT(0-3) 

Functional Description 

MPU Interface 
The MPU interface allows the MPU to access the 

internal registers and the color map. The 
CONFIGSELD-CONFIGSEl2 bits that are latched 
on the falling edge of CEB define the access mode. 
The access modes are defined in the table below. 
The RlWB pin is also latched on the falling edge of 
CEB and indicates a read operation when high and 
a write operation when low. These functions are 
illustrated in the truth table on the next page. 

The RGBO and RGB1 bits are the two bits of a 
modulo 3 counter, which determine which color(red, 
green, or blue, in that order) is selected. These two 
bits are reset by a write to either the high or low 
Address Register. In writes and reads to and from 
the color palette, the Address Register is 
incremented at the end of the RGB cycle. 

During a read from the color palette, the color 
data output at POUTO-POUT23 may be disturbed 
because the address register will take over 
addressing of the color map. To prevent random 
color data from being displayed on the screen, the 
data at POUTO-POUT23 will be held at the value 
defined by the last valid pixel address for the 
duration of the read. A read of tne color palette 
should not be performed while the Write FIFO is not 
empty because it may contend with the FIFO to 
color map write. It is recommended that FIFO empty 
flag status always be checked before issuing color 
palette read instructions. If such a contention 
occurs, then the color palette read will interrupt the 
write cycle. 

8-5 

MPU Access Modes 

CONFIGSEL<2:0> MODE 

000 Address Register low (R/W) 

001 Address Register high (RIW) 

010 Color Palette Buffer (RIW) 

011 Command Register (RIW) 

100 Status Register (read only) 

101 Color Buffer Register 
(read only) 

110 Revision register (read only) 

111 Reserved 

Write FIFO 
The Write FIFO stores data and addresses that 

are written to the Color Palette Buffer and Address 
Registers. The FIFO is emptied by writing the data 
to the color map during a blanking period as 
indicated by CBLANKB. The host can write up to 64 
locations that contain a 13-bit address and a 24-bit 
color before the FIFO becomes full. When the FIFO 
is full the full flag pin (FFB) goes low until at least 
one location of the FIFO is transferred to the color 
map. If the host attempts to write to the Color 
Palette Buffer while the FFB is active, then the 
device will transfer 4 locations from the FIFO to the 
color map in order to make room for the incoming 
data, regardless of the state of CBLANKB. This 
process may disturb the data in the pixel stream. To 
prevent random color data from being displayed on 
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Truth Table 

RlWB CONFIGSEL<2:0> RGB1 RGBO FUNCTION 

0 000 0 x x Write Address Register Low, reset RGB Counter 

0 001 1 x x Write Address Register High, reset RGB Counter (1) 

0 010 2 0 0 Write Red Color Palette Buffer, increment RGB counter 

0 010 2 0 1 Write Green Color Palette Buffer, increment RGB counter 

0 010 2 1 0 Write Blue Color Data to Write FIFO, transfer register 
contents to Write FIFO, reset RGB counter, increment 
Address Register 

0 011 3 x x Write Command Register 

0 100 4 x x Invalid Operation 

0 101 5 x x Invalid Operation 

0 110 6 x x Invalid Operation 

0 111 7 x x Invalid Operation 

1 000 0 x x Read Address Register Low 

1 001 1 x x Read Address Register High (2) 

1 010 2 0 0 Read Red Color Palette, increment RGB counter (3) 

1 010 2 0 1 Read Green Color Palette Buffer, increment RGB counter 

1 010 2 1 0 Read Blue Color Palette Buffer, reset RGB counter, 
increment Address register 

1 011 3 x x Read Command Register 

1 100 4 x x Read Status Register 

1 101 5 0 0 Read Red Color Buffer Register, increment RGB counter 

1 101 5 0 1 Read Green Color Buffer Register 

1 101 5 1 0 Invalid Operation 

1 110 6 x x Read Revision Register 

1 111 7 x x Invalid Operation 

NOTE: 
1. Only CONFIGBUSO-CONFIGBUS4 are recognized; the upper three bits are ignored. 
2. Data is output to CONFIGBUSO-CONFIGBUS4 only. The upper three bits will output "0". 
3. Reading the Red Color Palette may disturb the pixel stream. 

the screen while the device performs these 4 writes, 
the data at POUTO-POUT23 will be held at the 
value defined by the last valid pixel address. When 
Pixel clock is much slower that 70 MHz, the 
operating frequency of MPU should also be slowed 
down accordingly in order to maintain the 
synchronization of FIFO operations 

Color Buffer Register 
The Color Buffer Register stores the red and 

green data that is written to the Color Palette Buffer. 
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Thus if a complete red, green, blue write cycle is not 
completed(register data is not transferred to the 
Write FIFO), then the host can recover the red and 
green data it has written by reading the red and 
green Color Buffer Registers. 

The host can recover the red and green data by 
first writing to the address register to reset the RGB 
counter. Then the red and green data can be 
recovered in two consecutive reads of the Color 
Buffer Register. 
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Absolute Maximum Ratings" 

Symbol Parameter Rating Units 

Voo Supply Voltage -0.5* to +7.0 V 

VT Terminal Voltage with -0.5* to V 
Respect to V ss Voo +0.5 

Po Power Dissipation TBD W 
1 00% Duty Cycle 

tePR Operating Temperature -10 to +85 ·C 

tSTG Storage Temperature -65 to +150 ·C 

*Note: Operation above absolute maximum rating can affect 
device reliability. 

MS622424 

Capacitance" 
T A = 25·C, f = 1 MHz 

Symbol Parameter Typ. Max. Unit 

CIN Input Capacitance 5 pF 
(VIN =OV) 

COUT Output Capacitance 8 pF 
(VOUT= OV) 

*Note: These parameters are sampled and not 100% tested. 

Recommended DC and Operating Characteristics (1) 

TA = O·C to 70·C, Voo = 5.0V ± 5%, Vss = OV, unless otherwise noted. 

Symbol Parameter Min. 

Voo Supply Voltage 4.75 

Vss Supply Voltage 0.0 

VIH Input High Voltage 2.2 

VIL Input Low Voltage -0.5" 

III Input Leakage Current -10 

ILO Output Leakage Current -10 

100 Dynamic Operating Current 

VOL Output Low Voltage 

VOH Output High Voltage 2.4 

NOTE: 1. -3.5V for 20 ns pulse. 

AC Test Loads 
Signal transition times of 3 ns or less, timing 

reference levels of 1.5V, input pulse levels of O.OV 
to 3.0V, output loading as shown in the diagram 
below. 

OUTPUT 0-----+_--.... 

667 Ohms 

Figure 2. Output Load 
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Max. Units Test Condition 

5.25 V 

0.0 V 

Voo+·3 V 

+0.8 V 

10 IiA Voo = 5.25V, VIN = Vss to Voo 

10 IiA VOUT = Vss to Voo 

300 mA Outputs Open, f = fmax 

0.4 V Active Outputs Open, 
IOL = 4.0 mA 

V IOH=-1.0mA 

AC Test Conditions 
(Applies to READ and WRITE Cycle Timing) 

Input Pulse High Level VIH = 3.0V 

Input Pulse Low Level VIL = O.OV 

Input Rise Time tR = 3 ns 

Input Fall Time 4: = 3 ns 

Input and Output Reference Level 1.5V 

Output Load CL = 40pF, 1 TTL 

Voo 5V ± 5% 

TA O· to +70·C 
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Timing Waveforms of MPU Cycle 

CEB1 
CEB2 

RlWB 

CONFIGSELo-2 
CONFIGBUSo-7 

CONFIGBUSo-7 
(Read Cycle) 

AFB, FFB 

..!. 

, 

~I' 

~( 

AC Characteristics 

7 

~4_ 

)K 

)K 

2 

5 

9 

At recommended operating conditions, unless otherwise noted. 

Symbol Parameter 

1 CEB Cycle Time 

2 CEB Pulse WIdth 

3 CONFIGSELJBUS and RlWB Set-up before CEB low 

4 CONFIGSELJBUS and RlWBHold after CEB low 

5 CONFIGBUS Data Access 

6 CONFIGBUS Data Hold 

7 CEB low to CONFIGBUS La-Z 

8 CEB high to CONFIGBUS Hi-Z 

9 Wrlta cycle start to AFB. FFB low 

NOTES: 
1. Applicable to both the 70 MHz and 85 MHz specification. 
2. This parameter Is sempled and not 100% tested. 

1 

--
./ 

'/ 
I' 

'I\.. 

Min. 

75 

55 

0 

10 

5 

10 

3. Transition is measured ± 500mV from low or high voltage with load (see Figure 2). 

MS622424 

_8 

~-6 

I\.. 

" !f 

Typ. Max. Un" Notes 

ns 

ns 

ns 

ns 

55 ns 

ns 

ns 2,3 

10 ns 2,3 

60 ns 
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Timing Waveforms of Pixel Port, CBLANKB, and RESET 

CLOCK.lN 

PIXINO-23 
PIX.RGBO-1 
PIPE.lND-3 
CBLANKB 

POUTO-23 
PIPE.OUTD-3 

RSB 

AC Characteristics 
At recommended operating conditions, unless otherwise noted. 

Symbol Parameter 

1 CLOCK.lN Cycle Time 

2 CLOCK. IN Pulse WIdIh high 

3 CLOCK.IN Pulse WIdIh low 

4 Pixel Data Set-up before CLOCK.lN high 

5 Pixel Data Hold after CLOCK.IN high 

6 CLOCK.lN high to Data out 

7 RSB Pulse width Low 

NOTES: 

·70 

Min. Typ. 

14 

5 

5 

1 

5 

2 

30 

1. This signal can be completely asynchronous to the Pixel POll and the MPU Port. 
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Max. Min. Typ. Max. Unit Notes 

11 ns 

4 ns 

4 ns 

1 ns 

5 ns 

10 2 9 ns 

30 ns 1 • 
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MOSEL-VITELIC NEW BiFIFO ARCHITECTURE 
FOR HIGH PERFORMANCE 
APPLICA TIONS 

Introduction 

BiFIFO Concept and its Major Benefits to 
Systems 

The architectural evolution of First-In-First-Out 
(FIFO) buffers has come a long way in the last 
decade. Small bipolar FI FOs with 16 words by 4-bits 
organization emerged in the late 1970s. The 
architecture then was primarily shift-register 
oriented with unidirectional data bus. Even with 
bipolar technology, these FIFOs had relatively slow 
data transfer rate (typically less than 5 MHz). Since 
that time, CMOS technology and dual-ported static 
random access memory design methodology have 
brought to market many larger and faster parallel 
FIFOs. To date, CMOS FIFOs dominate this fast 
growing niche market with density up to 8K x 9 bits, 
and read access time of less than 20 ns. The main 
stream products on the market now are parallel 
FIFOs in density ranges from 1 K x 9 to 4K x 9. With 
CMOS technology, access time is being pushed to 
as fast as 15 ns while the majority is in the 25 ns to 
35 ns range. The trend, however, pOints toward even 
faster access time (below 10 ns). Data buses will 
grow wider (up to 36 bits) and are equipped with bi
directional capability. Byte parity generation and 
checking are emerging as necessity. 

For most FIFO applications, system designers 
frequently use multiple parallel FIFO chips to 
implement two buffers, one to receive and one to 
send data. Such an implementation resembles a 
larger FIFO (twice the size) buffer with bi-directional 
data bus (or buses). This practice brought about the 
relatively new concept of BiFIFO (a FIFO with bi
directional and tri-stated data buses) The integration 
of two conventional and identically-sized FIFOs to 
form one BiFI FO brings about several key benefits. 
First and foremost, chip count is reduced by 50% just 
in the FIFO alone. Secondly, the bus transceivers 
are now absorbed on chip the BiFIFO. Thirdly, a 
BiFIFO lends itself to simplified controls and timing 
parameters. Moreover, a single BiFIFO consumes 
less power than its counterpart of two parallel FIFOs 
of equal density plus the necessary external bus 
transceivers. No doubt, the BiFIFO brings about a 
very cost effective solution for practically all data 
communications and networking applications. 
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New and Simple Architecture 
Contemporary BiFI FOs are trending toward single 

bank, dual-ported SRAM architecture. This design 
approach results in a simple and user friendly device, 
something that is lacking in most if not all traditional 
FIFOs. It is important for the new generation of 
BiFIFOs to have straight forward handshakes and 
controls in order to simplify the design and 
integration efforts on the system level. 
Consequently, using BiFIFO will help minimize 
system design and debug time, and therefore, 
shorten the time to market. Bi-directional buses with 
tri-state control improve bus control efficiency and 
expansion flexibility. 

System I/O Bottleneck & the Role of BIFIFO 
The 32-bit microprocessors (CISC and RISC) are 

finding their way into more applications way beyond 
those of the personal computers. As system bus 
frequency approaching 40 MHz to 50 MHz range, 
most systems tend to be I/O bound. To maximize 
overall system performance, particularly the 
bandwidth of the data bus and address bus must 
keep pace with the speed of the processor. The 
classic I/O bottleneck found in the host bus as wen as 
the local bus is getting worse not only due to higher 
frequency, but als6 due to the increased number of 
peripheral controllers that are connected to them. To 
solve this bottleneck problem, system designers 
frequently look to FIFO (and now, BiFIFO) as a 
means to cushion the impact ofthe speed of one bus 
(for example, the host CUP bus) on another (for 
example, the peripheral bus). The traditional 
function of FIFOs (and BiFIFOs) is to provide a 
buffering facility between two or more digital systems 
of widely differing operating frequencies. 

Faster and wider BiFIFO buffers and mUlti-port 
RAMs will impact favorably data communication 
between controllers and processors. These 
specialty memories simplify design and can pump 
data through the bus at 25 MHz or faster in a burst. 
When used in a 16-bit wide bus, the throughput is 
equivalent to a blazing 50 Mbytes per second. This 
is one reason why FIFOs and particularly BiFIFOs 
are playing an increasing role in removing I/O bound 
syndrome for all system buses. 
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Combining Speed with Architecture 
As the clock frequency of computer buses 

increases, so should be the data throughput 
throughout all of its functional blocks. When FIFO is 
chosen as part of the hardware solution, system 
designers prefer the dual-ported configuration which 
allows simultaneous read on one port and write on 
another. To further complement the architecture, 
higher performance of the FI FO can be derived from 
clever chip design of some key AC parameters, such 
as setup time, hold time, output enable time and data 
valid time. 

By combining these optimized AC parameters 
with a single bank structure and data fall-through 
FIFO architecture, a 25 MHz BiFIFO like the Mosel
Vitelic MS76500A/502A can quite adequately 
handle many emerging high performance 
applications. 

Mosel·Vitelic's New BiFIFO Family, the 
MS76500Al502A 

Both the MS76500A and the MS76502A are dual
ported, single bank FIFOs with two 16-bit 
bi-directional buses (known as A-Port and B-Port). 

DQBl5-0 
3-state bus 

PEF 

PRTYL 110 

I/0Mux 

~ g 
as ~ 
~ "' "'.>< c: () 

"' "' Cl.c: 

8116 Mux 

Mux 

FIFO Array 
64x 16 

or 
256 x 16 
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The dual-ported memory refers to the basic SRAM 
cell structure which makes possible read and write 
operations to be independently and asynchronously 
of the input and output. A simplified functional block 
diagram is shown in Figure 1. Far from simply 
combining two traditional FIFOs to form one BiFIFO, 
the MS76500Al502A are packed with a number of 
unique functions and features and yet maintain 
simple controls. What follows is an attempt to 
highlight the functional capability of this new BiFIFO 
family, and its targeted and potential applications. 

BiFIFO Architecture 
As stated before, the MS76500A and MS76502A 

are asynchronous BiFIFOs using dual-port SRAM 
architecture. Both devices have two 16-bit wide 
buses, called A-Port and B-Port. Anticipating the 
need for high data integrity on the host bus, the A
Port is equipped with byte parity generation and 
checking capability. On the other hand, the necessity 
of byte and double-byte transfer is provided on the B
Port, which is expected to be connected to the 
peripheral bus (or a local bus). Both the MS76500A 
and 502A have a fast data fall through operation. 

8/16 Mux I/0Mux 

Control Logic 

DQA15-0 
3-state bus 

100IIIIII1--- RD 

~() 
or: o!S HFF EFF 

AO 

BTIWD 

WR 

DIR 

DE 

MRST 
as 
C1. 

PRTYH 110 

Figure 1. Functional Block Diagram of MOSEL MS76500A/502A 
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When the BiFIFO is initially empty, the time required 
for data to propagate from the input to the output is 
called the data fall-through time. The throughput (or 
data rate) at which data can be passed through the 
BiFIFO is governed by the fall-through time when the 
BiFIFO is empty or near empty and by the bubble 
back time when it is full or near full. 

Two similar BiFIFOs can be used in parallelto form 
a 32-bit A-Port (piUS byte parity bits) and B-Port. This 
expansion is virtually limitless, as the need for wider 
bus is deemed necessary. These BiFIFOs, however, 
are not intended for depth expansion. 

Major Features 
A summary of key features of the MS76500A/ 

502A is listed below (all comments apply to both 
MS76500A and MS76502A, except as noted): 

• Organization 
• 64 words by 16 bits (MS76500A) 
• 256 words by 16 bits (MS76502A) 

• Bus structure: Two ports, A-Port and B-Port 
• Each Port (or bus) is 16-bit wide 
• Buses are bi-directional and respond to simple 

directional control 
• A-Port supports byte parity generation and 

checking 
• B-Port offers byte and word selectability 
• A-Port and B-Port have tri-stated outputs with 

output enable 
• Status flags include: 

• Empty/Full, Half-Full and Parity Error 
• Very high speed operations: 

• Fast cycle time of 25 MHz 
• A-Port data access = 25 ns max. 
• B-Port data access (byte or word) = 25 ns max. 
• Setup time = 3 ns max. 
• Hold time = 0 ns max 

• Output drive current: a mA for A-Port and 4 mA for 
B-Port 

• Data fall through design to achieve maximum 
throughput 

• Low power consumption: 0.41 W for MS76500A 
(maximum) 

• Single 5V operation 
• Surface mount packaging with 52-pin PLCC 

Common and Different Features of the Two 
Buses 

The design goal of this device was first and 
foremost to meet the need of high speed read and 
write to the FIFO, which operates at 25 MHz 
bandwidth. Each of the two bi-directional ports (or 
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buses) are asynchronous and independent, in that 
one port can be in read mode while the other is in 
write mode simultaneously. The two ports share the 
same control logic which handles Write, Read, 
Output Enable, Master Reset, Direction control and 
Status flags. 

The A-Port has parity generation and checking 
logic and the associated byte parity error flag outputs 
(PEF, PRTYL I/O and PRTYH I/O). The PEF is Parity 
Error Flag for the A-Port. When A-Port is used as 
input port, the parity checker checks the lower and 
upper bytes of data using the PRTYL and PRTYH 
signals as the respective parity check bit. If a parity 
error is found in either byte, PEF output will go LOW 
when WR input goes from LOW to HIGH to start the 
write operation. Once set, the PEF can be cleared by 
resetting the BiFIFO or making the A-Port as an 
output port by bringing DIR HIGH. 

To accommodate byte and word handling, the S
Port was designed to provide byte selection 
capability, with which data can be packed or 
unpacked easily. This capability is supported by two 
control signals: AO which selects the lower or higher 
order byte, and BT/wD which specifies 16-bit word 
or a-bit byte data width on the bus. 

Serious consideration was given to the data bus 
driving capability to make the MS76500A/502A more 
adaptable to the system bus environment on the one 
hand, and to maintain low power consumption on the 
other. The happy medium was chosen to provide a 
mA drive current on the A-Port and 4 mA on the B
Port. Despite of a total of 32 data input/output 
receivers and drivers,· Mosel-Vitelic's CMOS 
technology has kept the total maximum operating 
power consumption to only 0.41 watt for the 
MS76500A, and only slightly higher for the 
MS76502A. 

Upon first power up, the BiFIFO must be reset with 
the Master Reset signal. This causes the BiFIFO to 
start operation at a known state, which is empty. 

Potential Applications of BiFIFO 
The MS76500A/502A are intended for all the 

traditional applications of FI FO, buffering the 
difference in operating speeds of two buses. Due to 
its unique features of wider (16-bit) and bi-directional 
buses, fast access times and simple handshakes, 
the Mosel-Vitelic BiFIFO family is intended to be a 
single chip (or minimum chip count) solution to many 
high performance applications in data 
communications and networking. The fast access 
times in reading and writing have negated the need 
for very deep SRAM type of buffers. In fact, 

• 
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applications which normally require very large (128K 
bytes or bigger) and high speed SRAMs (access 
time of 35 ns or faster), the DRAM-BiFIFO-based 
buffer implementation might prove to be a better 
solution due to lower cost and lower power than the 
SRAM counterpart. To demonstrate the basic and 
some, what generic approach in using these 
BiFIFOs, four examples are illustrated in the next few 
pages. 

Example 1: SCSI Hard Disk Caching in an EISA 
bus with Intel i82355 

This example shows how the MS76500A BiFIFO 
plays an important role in a SCSI (Small Computer 
System Interface) adapter within an ESIA bus 
environment. As shown in Figure 2, a block diagram 
of a SCSI host adapter which contains an embedded 
16-bit MCU, bus-mastering DMAC, SCSI interface 
and Data Cache Buffer (Disk Cache). The Data 
Cache Buffer is designed with two MS76500A 
BiFIFOs (identified as BiFIFO X and BiFIFO Y) and 
an expandable DRAM array. An Intel i82355 BMIC is 
used to handle the interface to the EISA bus. 

Table 1 below specifies the data transfer rate of 
various buses within this sub-system. 

As shown in the block diagram, one MS76500A 
(BiFIFO y) sits between the i82355 BMIC and the 
DRAM-Disk-Cache. This BiFIFO Y handles a 16-bit 
data bus on its B-Port, to and from the BMIC at 40 
Mbytes per second. On its A-Port, the 16-bit data bus 
and the two byte parity bits are transferred to/from 
the DRAM-Disk-Cache at 40 MBytes per second. 
That same bus is also tied to the A-Port of the second 
MS76500A, BiFIFO X. While the A-Port of BiFIFO X 
maintains the 40 MBytes per second throughput, its 
B-Port is only pumping at 5 MBytes per second to 
and from the SCSI Interface. 

To prevent "bus-hogging" on the local bus and the 
ESIA bus, and to buffer the latency of the various 
buses, the BiFIFOs and the associated DRAM-Disk
Cache are used. This combination of BiFIFO and 

From ITo Tol From 

SCSI Interface MS76500A (B-Port) 

MS76500A (A-Port) DRAM Disk Cache 

DRAM Disk Cache MS76500A (A-Port) 

MS76500A (B-Port) i82355 BMIC 

i82355 BMIC EISA Bus 
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DRAM, called a DRAM-FIFO-based SCSI 
architecture, increases functionality and 
sophistication for high performance disk controllers. 

This kind of architecture provides full-duplex data 
transfer. The SCSI adapter can execute a command 
to a peripheral device on the SCSI bus at the same 
time it is transferring data from a device to the host 
memory. Simply stated, read and write commands 
can be executed in parallel. 

As can be seen in Figure 2, the DRAM-Disk
Cache is expandable from 256K x 9 to 16M x 9 to 
handle caching for multiple tracks, or multiple blocks 
of data in anticipation that it is needed by the host. 
This read-ahead approach enhances many Unix
based system where contiguous blocks of data are 
frequently used by the host CPU. 

MS76500Al502A for RAID 
For large client/server application, the SCSI 

adapter design illustrated in Figure 2 can be 
expanded to a disk array architecture, which is called 
RAID (Random Access Inexpensive Disks). Each 
SCSI Interface can handle up to 7 drives. There are 
different classes of RAIDs. The example shown 
represents a RAID 5. Depends on the magnitude of 
mass storage capacity needed, multiple SCSI 
Interfaces can be added (one MS76500A is needed 
for each SCSI Interface) as shown in Figure 3. This 
type of sub-system is fast emerging as the most cost 
effective mass storage solution for Unix-based 
systems, which support large on-line data base and! 
or transaction processing applications. The large 
DRAM-Disk-Cache effectively eliminates the seek 
time and other mechanical latency typically 
associated with drive drives. Super performance can 
be achieved as a result. 

A few words about using the Intel BMIC with an 
external FIFO 

When FIFO or BiFIFO is used externally as part of 
the transfer buffer (as is the case with our SCSI 

Transfer Rate Bus Width 
MB/sec. # bits 

up to 5 8 

40 to 50 16 + 2 parity 

40 to 50 16 + 2 parity 

40 16 

32 32 

Table 1. 
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example) to the Intel i82355 BMIC, certain design 
issues must be addressed. The following is a 
summary of a '1ech-note" which was published by 
Intel (Reference Number: PER-0890) addressing 
this issue. By using the mentioned guide lines, one 
could side-step the potential problems caused by 
using the BMIC with an external FIFO. 

The i82355 BMIC incorporates two independent 
states machines to control the transfer protocol of the 
EISA interface and the transfer buffer interface (in 
our SCSI example, it is the combined BiFIFO and 
DRAM-Disk Cache). During a transfer, the current 
transfer byte count information is only available to 
the EISA interface state machine. The EISA 
interface state machine signals the transfer buffer 
interface state machine (the DMAC in conjunction 
with the local 16-bit embedded MCU as shown in 
Figures2 and 3) to shut down (stop) after the terminal 
count has been reached. Since the current byte 
count is available to the EISA interface state 
machine, it shuts down with the last byte (word or 
double-word) of transfer. 

The manner in which the transfer buffer interface 
functions is described separately when it performs 
an EISA READ and EISA WRITE. 

During EISA READ, the transfer buffer interface 
state machine (DMAC and the embedded MCU) 
receives the STOP signal from the EISA interface 
state machine while it is transferring data out of the 
i82355 internal 24-byte FIFO. The STOP signal is 
synchronized with the last word to be transferred, 
and the transfer buffer interface state machine 
(DMAC) shuts down with the last word transfer. 

During EISA WRITE, the transfer buffer interface 
state machine (DMAC) receives the STOP signal 
after it has read data beyond the number of bytes to 
be transferred (over reads by a maximum of 28 
bytes). The over read bytes are flushed from the 
i82355 internal FIFO when the next transfer is 
initiated. 

To prevent this over read condition from occurring, 
either a hardware or a software solution must be 
deployed. The i82355 device software can be written 
to complete the current transfer before initiating the 
nexttransfer. This way only data from one transfer is 
in the i82355 internal FIFO at any given time. 
However, this solution may have a performance 
impact for some applications, and as such it may not 
be an ideal solution. 

The illustrated SCSI example used a hardware 
solution which requires an external 22-bit byte 
counter and a separate D-Flip-Flop. The terminal 
count of the byte counter is used to set the D-Flip-
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Flop which in turn disables the i82355 read operation 
to its internal FIFO. The i82355 will continue to read 
(over read) stale data. The i82355 TEOP# signal is 
used to RESET the D-Flip-Flop which enables the 
i82355 reads to its internal FIFO. 

Example 2: BiFIFO As Part Of Bus Snooping 
for MC68040 

The MS76500A/502A BiFIFOs are natural off-the
shelf products which plays a very significant role in 
improving performance of the new generation of 32-
bit CISC, such as the Motorola MC68040. Working in 
conjunction with a snoop-capable cache controller 
and decoder PALs (see Figure 4). an external write
through or write-back cache. This design is capable 
of exhibiting full use of the MC68040 snoop 
capability. It is noted that the external cache uses a 
BiFIFO (within the system interface block) to post 
writes to the system bus. Data stored in the BiFIFO 
is not snoop capable. To prevent a DMA read 
transfer from reading stale data, the data contained 
in the BiFIFO must be written to memory prior to the 
start of the DMA read snoop. This happens when a 
DMA read occurs while the BiFIFO contain posted 
write data. 

The BiFIFO is also useful in a write-back cache 
implementation when a dirty cache line is replaced 
on a CPU read miss. This approach allows the write 
back of the data to be postponed until after the read 
is completed. 

Emptying the system interface BiFIFO involves 
the use of a relinquish and retry termination to the 
DMA read transfer. The processor bus is taken away 
from the MC68040 to prevent further write cycles 
from occurring. The system bus is then grand to the 
processor node so that the cache controller may 
empty the system interface BiFIFO. 

When the system interface BiFIFO is empty, the 
bus is returned to the DMA controller for the retried 
bus cycle. The first BiFIFO in the snoop controller 
provides a path between the system address bus 
and the processor address bus; the data BiFIFO in 
the system interface provides a path between the 
system data bus and the processor data bus. 

The snoop controller signals a snoop operation to 
the MC68040, causing the MC68040 to source data 
on a cache hit. This data is presented to the system 
data bus through the data BiFIFO in the system 
interface. This operation concludes with the return of 
the processor bus to the MC68040 and with the 
snoop controller BiFIFOs being three-stated. The 
BiFIFOs allow the system timing to be de-coupled 
from the CPU timing. In more advanced systems, the 
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CPU may run at 2x (two times) the clock rate or 
higher. 

When a DMA write occurs, the addresses are 
clocked into the BiFIFO. The BiFIFO is capable of 
storing up to 32 addresses before requiring the DMA 
controller to pause. The processor bus is requested 
so that the latched addresses appear on the 
processor bus. If an internal or an external cache hit 
occurs, then that cache line is invalidated. Using the 
BiFIFO allows the snooping process to be done 
efficiently with no wait states. 

Example 3: MS76500A/502A in Local Area 

BiFIFO APP NOTE 

Network 
Using the BiFIFO (MS76500A) and BMIC 

interface methodology as established earlier in the 
SCSI RAID application (Figure 3), a local area 
network adapter can be designed for the EISA 
environment. Figure 5 is an example of such an 
application. 

When data is to be transferred onto the LAN 
adapter, the LAN controller arbitrates for the local 
processor bus. Once acquiring bus ownership, it 
transfer data from the LAN port into the BiFIFO and 
then the DRAM-cache when no re-processing is 
needed. If any re-formatting or processing is 
required, data from the LAN port is transferred 

OATASTORE TAG STORE 

SRAM SRAM 

031-0 A17-4 O_CNTL T_CNTL A 17-4 013-0 
MC68040 

+ 
SYSTEM 

~ I ~ All All A~ 

CACHE CONTROLLER SYSTEM INT'F 

B_CNTL 
I~ 

S_B_CNTL ~ B_CNTL .. 
I" ~ S_CNTL 

4 x MS76500A 
Jill 

P_B_CNTL 

j~A3-2, A31-16 

A31-O - A31-O -- .. A31-O - SA31-0 

j~ 
031-0 - 031-0 031-0 - S031-0 

j~ 

,r 
SNOOP INTERFACE 

Snoop 
2 x PALs 

~ ~ 

B_CNTL S_CNTL --
~ ~ A31-0 A31-O ---... 031-0 031-0 ---

4 x MS76500A BiFIFOS 
(2 Sets of 64W x 32 Bits) 

Figure 4. BiFIFOs As Part of Bus Snooping for MC68040 

9-8 



MOSEL-VITELIC BiFIFO APP NOTE 

U 

, r 

Local Bus (Data, Address & Controls) -
j I • J~ 

.. TACK# 

- TRQ# ... 

TDIR :. Embedded 16-bit 

TLD# ': DMAC Microcontrolier 
TEOP# ... +RAM+ ROM 

_TDOE# P 

~ • j 
HLDAO 

32-bit HOLD 0 P 

Data Bus HF r CTRL HF "CTRL 

~~ 
MS76500A MS76500A e .<! 

AddrBus 16-bit 16-bit g ~ ... .. 
- Data Bus Data Bus u <: 

LAN 0 
B-Port ... .... z f!! 

B-Port ~':;: 
Control Bus 40-MB/sec Up to 25 MHz ... 

i82355 
BMIC A-Port A-Port 

I PRTYL H PRTYL 

PRTYH PRTYH 

5O-MBls r , --- J 16-Bit Data, PRTYL, PRTYH • PRTYL 
PRTYH 

HLDA 1 

HOLD 1 -

U) 
::l 

ED Gi ~ U) A-Port 
U) = Q) 

e? ~ .~ - ... "0 16-bit 1: ~ 
DRAM ~ 

"0 
Data Bus o '" « u <: LAN 1 

MEMORY O/l .- .. z e! 
en B-Port ~':;: ARRAY 
~ Up to 25 MHz 

en MS76500A 
256K x 9 « 

to 
a: 

- 4M x 9 
.-

- HF J~ CTRL ~ -

Expandable LAN Cache Buffer 
, 

To/From DMAC To Local Bus 

Expandable LAN Interface 

Figure 5. BiFIFO in A Local Area Network Adapter 

9-9 



MOSEL-VITELIC 

directly to the local system memory for processing by 
the local processor. If data in local memory is to be 
sent onto the LAN port, it can directly read the data 
from RAM (local). When done, it updates the local 
processor mailbox in the shared system RAM and 
relinquishes the bus. 

The local processor will process the packets 
which now resides in it local memory (RAM). If the 
data goes to a device on the EISA bus, the local 
processor then moves the data directly to the DRAM 
cache buffer and notifies the BMIC. The BMIC then 
transfers the data, bursting over the EISA bus from 
the DRAM cache buffer via the BiFIFO. If the data in 
local memory is to be translated for other LAN port 
(for example, LAN 1 in Figure 5) the local processor 
handles the translation and reformatted data is sent 
to LAN 1 controller through some form of mailbox 
setup. LAN 1 then arbitrates for local processor bus 
and directly transfers the data from the local memory 
to LAN 1. 

Data arriving from the EISA is place into the 
DRAM-Cache buffer via the BiFIFO which buffers 
the difference in bus frequency. The cached data can 
be transferred to the LAN ports directly under the 
control of the DMAC and local processor. If the 
cached data has to be reformatted, the DMAC will 
pull in that data to it local memory and perform the 
formatting by the local processor at its discretion. 
After reformatting, the data is then forwarded to the 
selected LAN port. 

Example 4: MS76500Al502A in SBus-VMEBus 
Adapter 

There are several methods of providing a "bus-to
bus adapter" which connects a SBus to a VMEBus 
architecture. Perhaps the Simplest and most 
inexpensive approach is by using a dual-ported 

BIFIFO APP NOTE 

SRAM, like the Mosel-Vitelic BiFIFO, as shown in 
Figure 6. In this SBus-to-VMEBus link, each side of 
the BiFIFO is a slave function on its respective bus 
with a ''Window'' mapped into each bus' memory 
space. A transaction from one bus to another uses 
the BiFIFO as a mailbox. In the case of an Sbus-to 
VMEBus transaction, the SBus deposits information 
in the BiFIFO. The VMEBus then initiates a cycle to 
read memory, effectively transferring data from 
SBus to VMEBus. While this is Simple, it is also slow 
and cumbersome; it requires multiple bus cycles on 
each side to move data from one bus to another. It 
also restricts the type of equipment that must exist on 
both sides of the adapter. Both the SBus and the 
VMEBus must have functional modules that can be 
bus masters to read/write the BiFIFO. In a 
SPARCstation application, this is not an issue on the 
SBus side. The required VMEBus master may not be 
available, cost effective, or even desirable in all 
VMEBus configurations, however. 

Another hardware approach to linking an SBus to 
a VMEBus is to expand the adapter functions to 
include an integral VMEBus master (see Figure 7). 
This approach allows the SBus to become a master 
on the VMEbus through the adapter's integral 
VME-Bus master. While this enhances 
communications from the SBus to VMEBus, it still 
relies on a "mailbox" memory scheme to pass data in 
the opposite direction, if data transfer from the 
VMEBus to SBus is required. This type of 
architecture has the advantage of including VMEBus 
master logic as part of the adapter hardware, but it 
still has the disadvantage of restricting direct writes 
from VMEBus to SBus. Many applications only 
require unidirectional data transfer between the two 
buses. In these cases, the adapter shown in Figure 
6 may well be adequate. There are however, at least 
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Figure 7. BiFIFO in SBus to VMEBus Adapter with VMEBus Master 

as many or even more real-world applications in 
which it is desirable to write data directly from the 
VMEbus environment to the SPARCstation. A 
VMEBus hard disk controller is a good case. It is 
important and necessary for the disk subsystem to 
move data from the disk to the system memory at 
high speed. A link between SBus and VMEBus that 
require the disk controller to write a BiFIFO and the 
SPARCstation to subsequently "pick up" the data 
and move it to the SPARCstation's working memory 
would be very inefficient. 

When direct read and write for both buses is 
necessary, a symmetrical or orthogonal adapter 
(with master and slave co-existing) is the answer. It 
involves more hardware, but it makes up in data 
transfer efficiency (read and write) in either and both 
directions (to and from SBus I VMEBus). The 
adapter master logic is assumed to be an ASIC with 
DMAC functions. See Figure 7 for a simplified 
functional block diagram. 

The Real Benefits of Using BiFIFO 
From the few applications examples mentioned in 

this article, it can be derived that BiFIFO earns its 
place in the design of multiple bus-based computer 
systems. It brings to the party some very unique 
attributes which directly impact the performance of 
the end system. Its true benefits are numerous, of 
which six most improtant ones are mentioned below: 

1. The BiFIFO Helps eliminate "bus-hogging" by de
coupling one part of a system from the other, and 
thus enhances overall system throughput. 

2. For very large caching applications, such as SCSI 

9-11 

host adapter, a BiFIFO can supplement the 
DRAM cache buffer by contributing the needed 
speed and parity generation and checking. Large 
amount of more expensive and power hungry 
SRAM would otherwise be necessary. 

3. One BiFIFO is equivalent to two parallel FIFOs of 
similar size. In addition, the bi-directional bus 
transceivers are available on chip of the BiFIFO, 
which otherwise have to be provided externally. 
This adds more chip count and power consump
tion. The wider 16-bit bus of the MS76S00AlS02A 
further exacerbate the argument compared to the 
8-bit parallel FIFO. 

4. The Mosel-Vitelic BiFIFOs improve data integrity 
by providing byte parity generation and checking. 
The faster is the throughput of data transfer, the 
higher is the probability of transmission error. 
Parity generation and checking could not have 
come in more handily. A parity error output Signal 
is available for the external monitoring. 

S. combing two (2) 8-bit parallel FIFOs, 16-bit bus 
transceivers and byte parity generation and 
checking logic, the Mosel-Vitelic BiFIFOs offer 
very cost effective solution all in one compact 
surface mount PLCC package. 

6. De-mystifying the myth that FIFO and BiFIFO are 
difficult to use, due to tricky timing and controls, 



MOSEL-vrrELIC 

the MS76500Al502A are equipped with straight 
forward, easy to use control parameters. 

Conclusion 
The I/O bottleneck has the crippling effect similar 

to that exists between CPU and main memory. The 
latter problem, by and large is being solved with high 
performance cache architecture and cache 

BIFIFO APP NOTE 

snooping. 
The Mosel-Vitelic BiFIFO family is intended to be 

the high speed solution to the 1/0 bottleneck 
problem. As illustrated in the design examples of 
RAID, LAN, Cache-Snooping and SBus-VMEBus 
adapter, the Mosel-Vitelic BiFIFO is used to de
couple the bus from another bus. By dOing so, it 
improves the performance (by removing bus 
hogging condition) of the overall system. For these 
and many other high performance sub-systems, the 
Mosel-Vitelic BiFIFO is expected to be an integral 
part. 

9-12 
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MOSEL-VITELIC PACKAGE INDEX 

Part Number Ordering Designation Package Page 

MS6264 P 28-Pin 600 mil Plastic DIP #1 10-9 
F 28-Pin 330 mil SOG #2 10-11 

MS6264A N 28-Pin 300 mil Plastic DIP #1 10-8 
R 28-Pin 300 mil SOJ 10-12 

MS6264N P 28-Pin 600 mil Plastic DIP #1 10-9 
F 28-Pin 330 mil SOG #2 10-11 

MS6265 N 28-Pin 300 mil Plastic DIP #2 10-8 
P 28-Pin 600 mil Plastic DIP #3 10-10 
F 28-Pin 330 mil SOG #1 10-10 

MS6516 P 24-Pin 600 mil Plastic DIP 10-6 
S 24-Pin 300 mil SOG 10-7 

MS7200 N 28-Pin 300 mil Plastic DIP #1 10-8 
F 28-Pin 330 mil SOG #2 10-11 
J 32-Pin Plastic Leaded Chip Carrier 10-17 

MS7201A N 28-Pin 300 mil Plastic DIP #1 10-8 
P 28-Pin 600 mil Plastic DIP #1 10-9 
F 28-Pin 330 mil SOG #2 10-11 
J 32-Pin Plastic Leaded Chip Carrier 10-17 

MS7202A N 28-Pin 300 mil Plastic DIP #1 10-8 
P 28-Pin 600 mil Plastic DIP #1 10-9 
F 28-Pin 330 mil SOG #2 10-11 
J 32-Pin Plastic Leaded Chip Carrier 10-16 

MS7203 N 28-Pin 300 mil Plastic DIP #1 10-8 
P 28-Pin 600 mil Plastic DIP #1 10-9 
F 28-Pin 330 mil SOG #2 10-11 
J 32-Pin Plastic Leaded Chip Carrier 10-16 

MS7204 N 28-Pin 300 mil Plastic DIP #1 10-8 
P 28-Pin 600 mil Plastic DIP #1 10-9 
F 28-Pin 330 mil SOG #2 10-11 
J 32-Pin Plastic Leaded Chip Carrier 10-16 

MS62256 P 28-Pin 600 mil Plastic DIP #1 10-9 
N 28-Pin 300 mil Plastic DIP #1 10-8 
F 28-Pin 330 mil SOG #4 10-11 

MS62256A N 28-Pin 300 mil Plastic DIP #1 10-8 
R 28-Pin 300 mil SOJ 10-12 

MS62256C P 28-Pin 600 mil Plastic DIP #2 10-9 
F 28-Pin 330 mil SOG #3 10-11 

MS62256N P 28-Pin 600 mil Plastic DIP #1 10-9 
F 28-Pin 330 mil SOG #4 10-11 

MS76215 J 68-Pin Plastic Leaded Chip Carrier 10-19 
68-Pin Pin Grid Array 

1m (Call factory for package information) 

MS76225 J 68-Pin Plastic Leaded Chip Carrier 10-19 
68-Pin Pin Grid Array 
(Call factory for package information) 
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MOSEL-VITELIC PACKAGE INDEX 

Part Number Ordering Designation Package Page 

MS76500A J 52-Pin Plastic Leaded Chip Carrier 10-18 

MS76502A J 52-Pin Plastic Leaded Chip Carrier 10-18 

MS76542 Q 132-Pin QFP 10-23 

MS621 002 K 32-Pin 400 mil SOJ 10-17 

MS621 008 E 32-Pin 400 mil Plastic DIP 10-15 
K 32-Pin 400 mil SOJ 10-17 

MS622424 Q 100-Pin QFP 10-22 

MS628128 P 32-Pin 600 mil Plastic DIP 10-15 
F 32-Pin 330 mil SOG 10-16 

V52C4256 K 28-Pin 400 mil SOJ 10-12 
Z 28-Pin ZIP 10-13 

V52C4258 K 28-Pin 400 mil SOJ 10-12 
Z 28-Pin ZIP 10-13 

V52C8126 K 40-Pin Plastic SOJ 10-17 
Z 40-Pin Plastic ZIP 10-18 

V52C8128 K 40-Pin Plastic SOJ 10-17 
Z 40-Pin Plastic ZIP 10-18 

V52C8254 K 40-Pin Plastic SOJ 10-17 

V52C8255 K 40-Pin Plastic SOJ 10-17 

V52C8258 K 40-Pin Plastic SOJ 10-17 

V53C256A P 16-Pin 300 mil Plastic DIP, 1/2 Lead 10-4 
J 18-Pin Plastic Leaded Chip Carrier 10-5 

V53C464A P 18-Pin 300 mil Plastic DIP #1 10-4 
J 18-Pin Plastic Leaded Chip Carrier 10-5 

V53C100F P 18-Pin 300 mil Plastic DIP #2 10-4 
K 26/20-Pin 300 mil SOJ 10-5 

V53C100H P 18-Pin 300 mil Plastic DIP #2 10-4 
K 26/20-Pin 300 mil SOJ 10-5 

V53C100N P 18-Pin 300 mil Plastic DIP #2 10-4 
K 26/20-Pin 300 mil SOJ 10-5 

V53C104A P 20-Pin 300 mil Plastic DIP 10-5 
K 26/20-Pin 300 mil SOJ 10-5 

V53C104F P 20-Pin 300 mil Plastic DIP 10-5 
K 26/20-Pin 300 mil SOJ 10-5 

V53C104H P 20-Pin 300 mil Plastic DIP 10-5 
K 26/20-Pin 300 mil SOJ 10-5 

V53C104N P 20-Pin 300 mil Plastic DIP 10-5 
K 26/20-Pin 300 mil SOJ 10-5 

V53C261 P 24-Pin 400 mil Plastic DIP 10-6 
Z 24-Pin ZIP 10-7 
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MOSEL-VITELIC PACKAGE INDEX 

Part Number Ordering Designation Package Page 

V53C400F K 26/20-Pin 300 mil SOJ 10-5 

V53C404F K 26/20-Pin 300 mil SOJ 10-5 

V53C8256H P 24-Pin 300 mil Plastic DIP 10-6 
K 26/24-Pin 300 mil SOJ 10-7 

V53C8256N P 24-Pin 300 mil Plastic DIP 10-6 
K 26/24-Pin 300 mil SOJ 10-7 

V53C8257H P 24-Pin 300 mil Plastic DIP 10-6 
K 26/24-Pin 300 mil SOJ 10-7 

V53C8512 K 28-Pin 400 mil SOJ 10-12 

V53C8512N K 28-Pin 400 mil SOJ 10-12 

V53C9512 K 28-Pin 400 mil SOJ 10-12 

V53C9512N K 28-Pin 400 mil SOJ 10-12 

V100J8/9 30-Pin SIMM #1 10-13 

V104J8/9 30-Pin SIMM #2 10-14 

V104J32/36 72-Pin SIMM #1 10-19 

V104J232/236 72-Pin SIMM #2 10-20 

V400J8/9 30-Pin SIMM #1 10-15 

V400J32/36 72-Pin SIMM #3 10-20 

V404J8/9 30-Pin SIMM #3 10-14 

V404J32/36 72-Pin SIMM #4 10-20 

V404J232/236 72-Pin SIMM #5 10-21 
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MOSEL-VITELIC 

16-Pin 300 mil Plastic DIP, 112 Lead 

1---.770 Max'-I I .150/.200 

'-!~f .- IL ~150 
0.09010.110-.j j~ -1~ 

.0151.020 
0.040/0.065 

18-Pin 300 mil Plastic DIP #1 

I" .910 Max. "I 0.180 Max. 

·~·;.mmf *- IL ~Min. 
0.090/0.110-.j j~ II 

,-0.014/0.022 
0.050/0.070. 

18-Pin 300 mil Plastic DIP #2 

I" .920 Max. "I 0.130/0.180 

''''''''mmf *-1 L ~/0.150 
0.090/0.110-.j j~ II 

,-0.015/0.020 
0.040/0.065. 
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V53C256A 

V53C464A 

V53C1 OOF 
V53C100H 
V53C1 OON 



MOSEL-VITELIC 

18-Pin Plastic Leaded Chip Carrier 

.045 x 45° 1 I-- I- 0.126/0.144 

t 
~ 0.44510.465 

T 0.200 Typ . 
.050 Typ. . 5171.527 

.0131.021 + 

~ 
0.284/0.294 0.10210.118 

.3171.327 

20-Pin 300 mil Plastic DIP 

0.180 Max. I- 1.040 Max·-I 

""·'"~f *- 'L ~Min . 
. 100TYP.-! j~ II I r- 0.01410.022 

0.05010.070. 

26120-Pin 300 mil SOJ 

Ir"~1 t;286/0·~1 

R-m' I_ 0.325/0.365·1 

0.33210.342 

I 0.667/0.683 I 0.125/0.135 
I ~ 0.2~/0.304 : I I I 

0.08210.0~smmR] ~4J 
--r- I II l ---I 1-5 T --II- 0.018 Typ. 0.025 Min. 

0.028 Typ. -l I- 0.0 yp. 

t j 
I ~.255/o.2751 
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V53C256A 
V53C464A 

V53C104A 
V53C104F 
V53C104H 
V53C104N 

V53C100F 
V53C100H 
V53C100N 
V53C104A 
V53C104F 
V53C104H 
V53C104N 
V53C400F 
V53C404F 



MOSEL-VITELIC 

24-Pin 300 mil Plastic DIP 

.180 Max. I" 1.310 Max. "I 

"-""~f *-~L ~0.140 
.100 Typ, -I ~ , I . II . 0.018.10.024 

0.048/0.065--1 I r 

24-Pin 400 mil Plastic DIP 

0.200 Max. I" 1.245/1 .255 " 1 

""'l-W\AAAliN\AfWL ~,~ 
0.100Typ.-I ~ -1~ , I 0.015/0.022 

0.055/0.065--1 

24-Pin 600 mil Plastic DIP 

0.560 (14.22) 

0.540 (13.72) 

",.p .. ~~r "'.P .. ~ "=,.,,,~ 
0.085(2.16) 0.65(1.65) 0.110(2.79) 0.021 (0.53) 

0.065 (1.65) 0.045 (1.14) 0.090 (2.29) 0.015 (0.38) 

10-6 

0.610 (15.49) 

0.590 (14.99) 

0.010 (0.25) 

0.695 (17.65) 

0.600 (15.24) 

V53C8256H 
V53C8256N 
V53C8257H 

V53C261 

MS6516 



MOSEL-VITELIC 

24-Pin 300 mil SOG 

-jf-
0.0192 (0.49) 

0.0142 (0.36) 

T 
0.299 

0.290 

~ 

0.420 

0.393 

1 
0.02 (0.50) x 450 
0.Q1 (0.25) I. 0.610 .1 

r.:::::::::::::. 0.598 ¥~ 
~ 0.092 

: : 

~_I-___ 0.0125 (0.32) 

-'- _ ~!1 (0.23) 

8° (8°) --I rY ....: :... 
r : 

1.27BSC (mm) 

0.050BSC (inches) 

26/24-Pin 300 mil SOJ 

0.012 0° (0°) 

0.003 

I 0.665/0.698 I 0.125/0.135 

0'08210'0;-~~ I 
til I ---I I-- -II- 0.018 Typ. 0 025 M' 

0.028 Typ. -l - 0.05 Typ. . .n. 

24-PinZIP 

I: 1.25 Max. ·1 
T 
.332/.34 

Ln-tn:r"tl"1l'"!T1:nnnr".,.,,-,-,:MrU"!I"TT"TT"TT'T~~ 

.J ""1:->--_---l_0._05_r--_T_yp_. _---l_I--__ o_.o_16_/o_.o_24+1.1 

1.15 Typ. 

10-7 

0.060 (1.270) 

0.023 (0.584) 

0.33210.342 

0.296/0.304 

1 1 

L j 
10.255/0.2751 

.1021.118 

0.008/0.013 

I-
.100 Typ. 

MS6516 

V53C8256H 
V53C8256N 
V53C8257H 

V53C261 



MOSEL-VITELIC 

28-Pin 300 mil Plastic DIP #1 

0.60 ±.005 

(1.52 ± 0.12) 

.018 ±.002 

(0.45 ± 0.05) 

28-Pin 300 mil Plastic DIP #2 

28 15 

.130 ±.010 

(3.30 ± 0.25) 

.020 ±.020 

(0.50 ± 0.50) 

[;:::: :.::: :0: :)Il,." 
r---------------- 3.45±0.2 

320 + 010 _. 
(8.12 ± 0.25) 

Q.\\p~~) 
.345 ± .020 

(8.76 ± 0.50) 

II 7.62 TYP. I 

MS6264A 
MS62256 

MS62256A 
MS62256N 

MS7200 
MS7201A 
MS7202A 

MS7203 
MS7204 

MS6265 

~'.':,o'BJ 
u U U U U U U ~L U U U-f= 00_150 Y 

2.54 TYP. 0.46 ± 0.1 0.50 MIN 
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MOSEL-VITELIC 

28-Pin 600 mil Plastic DIP #1 

C 1.460 TY=O_ .... MAX..u.,) ....... ..&.I..oI.oj 

0.085 (2.159) 

0.065 (1.651) 

~ .010TYP 
(0.254) 

0.020 (0.51) min. 

28-Pin 600 mil Plastic DIP #2 

INDEX 

.543 ±.010 

(13.80 ± 0.25) 

~~~~~ 

10-9 

0° 
15° 

REF 

MS6264 
MS6264N 
MS62256 

MS62256N 
MS7201A 
MS7202A 

MS7203 
MS7204 

MS62256C 

.600 (15.24) TYP 

! 

• 



MOSEL-VITELIC MS6265 

28-Pin 600 mil Plastic DIP #3 

28 15 

l; : : : : :':-----1: : ~: J}m~ 
Ii 15.24 TYP··I 4.25 ±0.2 

~~--------~~5.1±0.lB 325 ± 0.2 _ + j __ 0.2LO.5 

0'_15' ~ 
2.54 TYP. 0.5±0.1 0.51 MIN 

MS6265 
28-Pin 330 mil SOG #1 

1.7 

f ~2.0±0.4 
8.6±0.2 10.6 

1.7 ~~ 
0.15 ± 0.05 

1.025 
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MOSEL-VITELIC 

28-Pin 330 mil SOG #2 
.100±.OO5 .100 ± .005 

NO.1 PIN IDENTIFIER 

045X5±IDP 
SPOT POLISH 

NOTE: 
1. MATTE SURFACE: TOP AND BOTTOM SURFACE ONLY VOl 21. 

MS6264 
MS6264N 

MS7200 
MS7201A 
MS7202A 

MS7203 
MS7204 

2. LEADS ARE COPPER ALLOY EITHER TIN PLATED OR SOLDER COATED. 

SHARP 
(4 PLACES) 

.727 ± .001 

28-Pin 330 mil SOG #3 

0.713 TYP (0.733 MAX) _ 

~.~A~.;;~~~~;;~~~~ III ' -, --. 0.098 ± 0.005 

""~HHf-ll--IHI:H:HHf-ll--IH~~(2.45±0_15) 
.050 (1.27) 
""""'fYP 

-11,-018 ± .004 
(0.45 ± 0.10) 

28-Pin 330 mil SOG #4 

3. ALL TOLERANCES ARE ±2 UNLESS OTHERWISE SPECIFIED. 

R.03ff .002 x MAX .020 DP 

0_80 

~ 

ci 

~~-H 
~iH-42±4 

.402 ± .012 
(10.20 ± 0.30) 

1 
0.449 MIN 

0.492 MAX 

0.031 MIN 

r-

10-11 

(4 PLeS) 3_60 

MS62256C 

MS62256 
MS62256N 

• 



MOSEL-VITELIC 

28-Pin 300 mil SOJ 

I J ~ ~ ~ ~ ~ ~ ~ ~ ~ ] 13~~ 
I. 0.710TYP .1 

(0.730 MAX) 

1 
0.340 [8.63) 
0.130 [8.23) 

1 

DETAIL 

0.146 [3.7) 
0.130 [3.3) 0.102 [2.6) 

0.087 [2.2) ~ 

0.025 [0.635) MIN 

0.031 [0.8) 
0.024 [0.6) 

0.008 [0.20) +C; ~ 

0.50 [1.27) 
TYP. 

0.021 [0.53) 
0.013 [0.33) 

DIMENSIONS IN INCHES [MM) 

28-Pin 400 mil SOJ 

0.045 [1.15) 
0.033 [0.85) 

~::!:::!:::1:::!::!:::!:::1:::!~~~~f 
10.4 [0.408) 

J'0.0 [0.392) [0.422) 

[0.440) 

~:;:::;:;::;:::r:;::;:;:::;:;::;::;::;::;:::;:;:;:::;:;::;::: ~ 

f.1. _____ l.87 [0.736) ___ --1.1 
18.3 [0.720) 

1.27 [0.050] TYP. 0.53 [0.021] 
0.33 [0.013] 

DIMENSIONS IN MM [INCHES) 

1.15 [0.045] 
0.85 [0.033] 

10-12 

1--0.275 [7.0)----1 
0.260 [6.6) 

DETAIL 

3.7[0.146] 
3.3[0.130) [0.082] min 

[0.026] min -11 
0.8 [0.031) j 
0.6 [0.024) 

ld;,.----dJ 
I--- [0.354] ----1 

[0.378) 

MS6264A 
MS62256A 

V52C4256 
V52C4258 
V53C8512 

V53C8512N 
V53C9512 

V53C9512N 



MOSEL-VITELIC 

28-PinZIP 
Units in inches 

0.110/0.120 

H 

11 
0.100 TYP. 

30-Pin SIMM #1 

0.01 Max. 

~ r. 000000000000000000000000000000 
0.4 

I 
0- 0 
I 

1---------3.5 --------~'I 
1+--------3.234 -------+1" 

DDDDDDDDD 0.1250ia. 

0805 Max 0.25 - ~ - ~ 0.1 Min. 

V52C4256 
V52C4258 

V100J819 
V400J819 

r1 0.206 Max. 

~ ~ DDDDDDDDDDDDDDDDDDDDDDDDDDDDDD-~ 
0.08 I- 0 1 -I 1-0- 007 -I i+- I n 

1+-------- 2.9 •. 0.06 Min. 
0.047/0.053 J I-

0.3 

* Package dimensions subject to change without notice, 
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MOSEL-VITELIC V104J819 

30-Pln SIMM #2 

"l(?-DDDDDDDDDDDD DDDDDDDDODODDDDUOD 0 I 

0.125 Dfl,a. r.. 3~:4 .~·I H 0.206 Max. 

"-"1.-1 ~'-I I I I 0 -; ~"". HI 
Li~o:n 00000 00000 00000 00000 00000 ooo~ 0.1 Min. II 

0.08 J-. 0.1 -I I+- 0.07 -II+- I D 0.047/0.053 -./ I.-
1---------2.9 •. 0.06 Min. 

0.3 

• 0.5" module also available 
•• Package dimensions subject to change without notice. 

30-Pin S Module #3 

I· 
0.133 -ti 

.400 I A'r 10001 
R .062 -./ -+I L 0.080 

• 0.65" module also available 

3.5 

II 
101 

•• Package dimensions subject to change without notice. 

10-14 
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MOSEL· VITELIC 

32-Pin 400 mil Plastic DIP 

[ : : : : : : : : : : : : : : JJ::r.= 
1 40.77 [1.605] .1 

40.51 [1.595] 

3.81 [0.150] 
r--_____________ ---,NOM 

~
5.08[0.2OO] 

34::~35] --I I-- 3.18 [0.125] 

1 .65 [0.065] 2.54 [0.100] 0.56 [0.022] 0.36 [0.015) 
1.27 [0.055) sse .035 [0.014] MIN 

32-Pin 600 mil Plastic DIP 

n n n nOn 0 n n n n n n Vti°.210MAX 

+.012 +.006 
1f1I~mrU 1I1f 1I1fmlf1fj 0.120 MIN 

.'00(2.54)~ ~ .047-0 -II .. 018-.002 0.010 MIN 

TYP (1.20~.g30) (0.45 -i:~~) +.012 
.032 - 0 

(0.82 ~.g30) 

10-15 

+.004 
.010-.0004 

(0.25 .j:~1 ) 

.800 (15.24) 

TYP 

MS621 002 
MS62100B 

MS628128 



MOSEL-VITELIC 

32-Pin Plastic Leaded Chip Carrier 

.D50TYP 

..i.. 

32-Pin 330 mil SOG 

r 
~ ~ 

(800 [H!;='ilFii'i"'i'r=;;'"i'i''i'i'''n=;_;=;:;:_:;:;=;~;;..&I 

10-16 

00 MIN l ( TANDOFF) 

.402 ± .012 
(10.20.0.30) 

Detail Of-A" part 

.007(0.18) 

MAX 
.0Z1(0.88) 

MAX 

1457200 
M57201A 
M57202A 

1457203 
1457204 

145628128 



MOSEL-VITELIC 

32-Pin 400 mil SOJ 

~~~~~~~~~-, 
10.40 [0.409] 
10.00 [0.394] J 11.13[0.438] 

10.73 [0.422] 

~::;::::;::;::;:;::::;::::;::;:::;:;::;:;::;::;:::;:;::;:;:;;:;::;:;:::;::: i 
",,1.~ ____ 21.20[0.835] _____ -I.1 

20.80 [0.819] 

1.27 [0.050] TYP. 0.53 [0.021] 
0.33 [0.013] 

DIMENSIONS IN MM [INCHES] 

40-Pin Plastic SOJ 

1.15 [0.045] 
0.85 [0.033] 

I 
1 025 TYP (1 035 MAX ) 

.~,.,,.,,.,,.,,.,,., ~,...,,...,,...,,...,,...,,...,,...,,.,,....,,., ,....,~. 

ww ........ 1--' ........ 1--' ...... 1--' ....... ......, ................................ I...1 ........................ 

20 

z 
:! ~ 

0.711 ~:~~~ ~ ::; 

~ 
1.270 ±0.152 0.457 ~:~~ 

10-17 

DETAIL 

3.7 [0.146] 

d; Jl 
!.-9.5O [0.374] --I 

9.10 [0.358] 

Unit in inches 

o 
o 
ci ... 
! 

MS621002 
MS621008 

V52C8126 
V52C8128 
V52C8254 
V52C8255 
V52C8258 

II 



MOSEL-VITELIC 

4O-Pin Plastic ZIP 

Unit in inc:hes 

I: 
2.00412.028 

0.100/0.120 

'! H 
~ 
~ 

1.27TVP 

O.100TYP. 

52-Pin Plastic Leaded Chip Carrier 

0.050 BSC 11.27 BSC] 0.013 (0.33] 
0.023 (0.58] 

DIMENSIONS IN INCHES [MMJ 

0.735 (18.67) 
0.775 [19.691 

0.770 (19.56) 
0.810 (20.57) 

0.015(0.38] 

r--------------.O.~JL 
a.'40'!.; C ,.nL 
0.160(4.061 I--g:~:g~::t~~ 
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V52C8126 
V52C8128 

MS76500A 
MS76502A 



MOSEL-VITELIC 

6B-Pin Plastic Leaded Chip Carrier 

950 (24.13) 
957.87 (24.33) 

72-Pin SIMM #1 

MS76215 
MS76225 

V104J32136 

I' ---4.25----°1 
3.98 

• Package dimensions subject to change without notice. 
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MOSEL-VITELIC V104J2321236 

72-Pin SIMM #2 

,.~ °DDDDBBDDDDo 
" 

4.25 " 

I, 3.98 

'~_~ DDDDBB DDDD I 
.08 R.082 2.125----+--1 

• Package dimensions subject to change without notice. 

V40OJ32136 

72-Pin SIMM #3 

'-------' '-------' ,-------,I ,---I ----' '-------' 

DDDDDDDDDDDDD 
I- 5.00 'I 

• 3.984 

1D DDDDDDDDDDD I 
L~;J; I II II II II I 1 

.08 I-
.700 

• Package dimensions subject to change without notice. 
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MOSEL-VITELIC V404J32136 

72·Pin SIMM #4 

0.125 Dia. 

~IO 

1---1. ----4.25------·1 

3.98 t 

~DDDD DDDD.1 
R062400 .250 1 

~ 1+.08 R.062 2.125--

0.25 ...... 1 

* Package dimensions subject to change without notice. 

V404J2321236 

72·Pin SIMM #5 

R.062 

,------,I 1 I ,----I ---' 

DDDDDDD[ 
I, 4.25 '1 . ~ . 

DDDDDDDDI 
.40~-.-----t-+H-2~0 . '---------.JI 1 '---------.JI I '---------.JI I ,------,I 1 

-- I .08 .1 0.050 -11 __ 
- ±~ 

* Package dimensions subject to change without notice. 

10·21 



MOSEL· VITELIC MS622424 

100-Pin QFP 

TOP VIEW 
0.025 TYP. -II--

n° 
0.783/0.791 

-ia!!!!f-----+ ----1-1-

0.90410.923 

f4--- 'M"~ ~ I 
1---- 0.66710.687 ~ 

~1·004MIN. 

I.. 12.351.486 .. I 7 
REF 
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MOSEL· VITELIC 

132-Pin QFP 

28.02 [1.103] 
27.86 [1.097] 

27.56 [1 .085] 
27.31 [1.075] 

24.21 [0.953] 
24.05 [0.947] 

0.635 
[0.025] TYP 
NON·ACCUM 

10·23 

45° 
CHAMFER 

4.57 [0.180] 
4.06 [0.160] 

MS76542 

r- .51 [0.020] I MIN. 

SECTION 

0.64 [0.025] 

f I 
___ 0.25 [0.010] TYP. 

t 
u _+-_~ 0.51 [0.020] MIN. 
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MOSEL-VITELIC SALES NETWORK 

MOSEL-VITELIC U.S. SALES OFFICES: 
NORTHEASTERN 
71 Spilbrook Road, #306 
Nashua, NH 03062 
Tel. 603-891-2007 
Fax. 603-891-3597 

NORTHWESTERN 
3910 N. First Street 
San Jose, CA 95134 
Tel. 408-433-0000 
Fax. 408-433-0952 

SOUTHWESTERN 
5150 E. Pacific Coast Hwy., #200 
Long Beach, CA 90904 
Tel .. 310-498-3314 
Fax. 310-597-2174 

MOSEL-VITELIC U.S. MANUFACTURER REPRESENTATIVES: 
ALABAMA CONNECTICUT KANSAS 
BITS,lnc. Datcom ImpaqSales 
3801 Triana Blvd., Ste. 19 One Evergreen Avenue 1434 East Sheridan 
Huntsville, 35805 Hamden, 06518 Olathe, 66062 
Tel. 205-881-2900 Tel. 203-288-7005 Tel.913-780-6565 
Fax. 205-881-7333 Fax. 203-281-4233 Fax. 913-780-1540 

ARIZONA FLORIDA MASSACHUSETTS 
Compass Marketing & Sales aXllnc. Procomp 
11801 N. Tantum Blvd. 1510- 9th Street North 1 049 East Street 
Suite 101 SI. Petersburg, 33704 Tewksbury, 01876 
Phoenix, 85028 Tel. 813-894-4556 Tel. 508-858-0100 
Tel. 602-996-0635 Fax. 813-894-3989 Fax. 508-858-0110 
Fax. 602-996-0586 

aXllnc. MICHIGAN 
CALIFORNIA 2020 W. McNab Road C.B. Jensen & Associate 
Harvey King Ft. Lauderdale, 33309 2145 Crooks Road, Suite 201 
9520 Padget St., Ste.l 01 Tel. 305-978-0120 Troy, 48084-5318 
San Diego, 92126 Fax. 305-972-4752 Tel. 313-643-0506 
Tel. 619-695-9300 aXllne. Fax. 313-643-4735 
Fax. 619-695-9515 128 Wisteria Avenue 
Spectrum Orlando, 32806 MINNESOTA 

25 Mauchly, Suite 311 Tel. 407-872-2321 Cahill, Schmitz & Cahill 

Irvine, 92718 Fax. 407-872-0449 315 N. Pierce 

Tel. 714-453-1525 SI. Paul, 55104 

Fax. 714-453-1925 GEORGIA Tel. 612-646-7217 
BITS, Inc. Fax. 612-646-4484 

Spectrum One Meca Way 
31368 Via Colinas, SuRe 101 Norcross, 30093 NEW JERSEY 
Westlake Village, 91362 Tel. 404-564-5599 Metro Logic 
Tel. 818-706-2919 Fax. 404-564-5588 271 Route 46 West, SuRe 0202 
Fax. 818-706-2978 Fairfield, 07004 

Zeustec Sales IDAHO Tel. 201-575-5585 

4655 Old Ironside Drive, #385 Oakridge Marketing Fax. 201-575-8023 

Santa Clara, 95054 445 W. Ustick TritekSales 
Tel. 408-987-0164 Meridian, 83642 One Cherry Hill, Suite 41 0 
Fax. 408-987-0169 T eI.208-888-7345 Cherry Hill, 08002 

Fax.208-888-9528 Tel. 609-667-0200 
CANADA Fax. 609-667-8741 
GMAlnc. ILLINOIS 
7050 Bramalea Road, Unit 27A Victory Sales Inc. NEW MEXICO 
Mississauga, ONT L5S tTl 1030 W. Higgins Rd., Su~e 101 Compass Marketing & Sales 
Tel. 416-671-8111 Hoffman Estates, 60195 4100 Osuna Road NE, Suite 208 
Fax. 416-671-2422 Tel. 708-490-0300 Albuquerque, 87109 
GMAlnc. 

Fax. 708-490-1499 Tel. 505-344-9990 
301 Moodie Drive INDIANA Fax. 505-345-4848 
Suite 122 Electro Reps, Inc. NEW YORK Nepean, ONT K2H 9C4 7240 Shadeland Station Pi'Tronics Tel. 613-820-3822 Suite 275 Picard Bldg. Office 110 Fax. 613-820-7633 IndianapOlis, 46256 5858 Molly Rd. 
GMAlnc. Tel. 317-842-7202 Syracuse, 13211 
3860 Cote-Vertu, Suite 221 Fax. 317-841-0230 Tel. 315-455-7346 
SI. Laurent, auebec H4R 1 V4 Electro Reps, Inc. Fax. 315-455-2630 
Tel. 514- 335-9572 125 Airport North Office Park 
Fax. 514-335-9573 Fort Wayne, 46825 NORTH CAROLINA 

GMAlnc. Tel. 219-489-6205 BITS,lnc. 

3665 Kingsway Fax. 219-489-8408 12609 Sandwood Court 

Vancouver, BC V5R 5W2 Raleigh, 27613 

Tel. 604-439-3383 IOWA Tel. 919-676-1880 
Cahill, Schmitz, & Howe Fax. 919-676-1881 

COLORADO 226 Sussex Dr. N.E. 
Component Sales, Inc. Cedar Rapids, 52402 
7600 E. Arapahoe Rd., Suite 211 Tel. 319-377-8219 
Englewood,80112 Fax. 319-377-0958 
Tel. 303-779-8060 
Fax. 303-779-6357 
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CENTRAL & SOUTHEASTERN 
604 Fieldwood Circle 
Richardson, TX 75081 
Tel. 214-690-1402 
Fax. 214-690-0341 

OHIO 
Omega Sales 
240 West Elmwood Dr., Ste. 2015 
Centerville, 45459 
Tel. 513-434-5507 
Fax. 513-434-5772 

Omega Sales 
4555 Emery Industrial Pkwy. 
Suite 104 
Cleveland, 44128 
Tel. 216-360-9400 
Fax. 216-360-0712 

OREGON 
Electra Technical Sales 
6700 SW 105th Avenue, Ste. 300 
Beaverton, 97005 
Tel. 503-643-5074 
Fax. 503-526-2055 

TEXAS 
Impaq Sales Company 
13706 North Highway 183 
Suite 308 
Austin, 78750 
Tel. 512-335-9666 
Fax. 512-335-3858 

Impaq Sales Company 
100 Decker Court, Suite 140 
Irving, 75062 
Tel. 214-650-0000 
Fax. 214-650-1953 

Impaq Sales Company 
507 North Belt East, Suite 530 
Houston, 77060 
Tel. 713-820-0288 
Fax. 713-82Q-4860 

UTAH 
Oakridge Marketing, Inc. 
P.O.Box 798 
912 N. Oakridge Dr. 
Farmington, 84025 
Tel. 801-451-7563 
Fax. 801-451-6245 

VIRGINIA 
Elex-Sys Group, Inc. 
11350 Random Hills Rd. 
Suite 800 
Fairlax, 22030 
Tel. 703-934-6053 
Fax. 703-648-0231 

WASHINGTON 
Electra Technical Sales 
11411 NE 124th St., Ste. 285 
Kirkland,98034 
Tel. 206-821-7442 
Fax. 206-821-7289 

WISCONSIN 
Victory Sales Inc. 
405 N. Calhoun Road, Suite 208 
Brookfield, 53005 
Tel. 414-789-5770 
Fax. 414-789-5760 

III 



MOSEL·VITELIC SALES NETWORK 

MOSEL-VITELIC u.s. DISTRIBUTORS: 

ALABAMA Milgray Electronics Hall-Mark Electronics Hall-Mark Electronics 
Arrow Electronics CamarillO, 805-484-4055 Cheshire, 203-271-2844 Lenexa, 913-888-4747 
Huntsville, 205-837~955 Milgray Electronics Milgray Electronics 
Future Electronics Corp. Irvine, 714-753-1282 FLORIDA Overland Park, 913-235-8800 
Huntsville, 205-830-2322 Arrow Electronics 

TIME Electronics Deerfield Beach, 305-429-8200 
Hall-Mark Electronics Anaheim, 714-937-0911 MARYLAND 
Huntsville, 205-837-8700 Arrow Electronics Arrow Electronics 

TIME Electronics Lake Mary, 407-333-9300 Columbus, 301-596-7800 
TIME Electronics Chatsworth,818-998-7200 
Huntsville, 205-721-1133 TIME Electronics 

Future Electronics Corp. Future Electronics Corp. 
Altamonte Springs, Columbia, 410-290-0600 

ARIZONA 
San Diego, 619-586-1331 407-767-8414 Hall-Mark Electronics 

Arrow Electronics TIME Electronics Future Electronics Corp. Columbia, 301-988-9800 
Tempe, 602431-0030 Sunnyvale, 408-734-9888 Largo, 813-530-1222 Milgray Electronics 
A.V.E.D. TIME Electronics Hall-Mark Electronics Columbia, 301~1-8169 
Scottsdale, 602-951-9788 Torrance, 213-320-0880 Casselberry, 407-830-5855 TIME Electronics 
Future Electronics Corp. CANADA Hall-Mark Electronics Columbia, 301-964-3090 
Phoenix, 602-968-7140 Arrow Electronics Largo, 813-541-7440 

Hall-Mark Electronics Calgary, 403-250-1690 Hall-Mark Electronics MASSACHUSETTS 
Phoenix, 602437-1200 Pompano Beach, 305-971-9280 Arrow ElectroniCS 

Arrow Electronics Wilmington, 508~58-09oo 
TIME Electronics Brunaby, 604-421-2333 Milgray Electronics 
Tempe, 602-967-2000 Winter Park, 407-847-5747 Cronin Electronics 

Arrow Electronics Needham, 508-449-5000 
Mississauga, 415-870-7769 TIME Electronics 

CALIFORNIA Orlando, 407-841~565 Future Electronics Corp. 
A.V.E.D. Arrow Electronics Bolton, 508-779-3000 
San Diego, 619-558-8890 Nepean, 613-226-6903 

GEORGIA Hall-Mark Electronics 
A.V.E.D. Arrow Electronics Arrow Electronics Billerica, 508-935-9777 
Tustin, 714-259-8258 Dorval,514421-7411 Duluth,404-497-1300 Milgray Electronics 
A.V.E.D. Future Electronics Future Electronics Corp. Wilmington, 508~57-5900 
Visialia, 209-734-8861 Montreal, 514-694-7710 Norcross, 404-441-7676 TIME Electronics 
Arrow Electronics Future Electronics Hall-Mark Electronics Peabody, 508-532~2oo 
Calabasas, 818-880-9686 Ottawa, 613-820-8313 Duluth,404-447-8000 

Arrow Electronics Future Electronics Milgray Electronics MICHIGAN 
Irvine, 714-587-0404 Quebec City, 418-682-8092 Norcross, 404~34400 Arrow Electronics 

Arrow Electronics Future Electronics TIME Electronics 
Uvonia, 313-462-2290 

San Diego, 619-585-4800 Toronto, 418-6384771 Norcross, 404-4484448 Future Electronics Corp. 

Arrow Electronics Milgray Electronics Grand Rapids, 616-249-3200 

San Jose, 408-441-9700 Toronto, 800-268-3315 ILUNOIS Future Electronics Corp. 

TIME Electronics Arrow Electronics Uvonia, 313-261-5270 
Future Electronics Corp. 

Ontario, 416-672-5300 Itasca, 708-250-0500 Hall-Mark Electronics Chatsworth, 818-772~40 

Future Electronics Corp. 
Future Electronics Corp. Plymouth, 313416-5800 

COLORADO Hoffman Estates, 708-882-1255 
Irvine, 714-250-4141 A.V.E.D. Hall-Mark Electronics MINNESOTA 
Future Electronics Corp. Wheat Ridge, 303422-1701 Wood Dale, 312-860-3800 Arrow Electronics 
San Diego, 619~25-2800 Arrow Electronics Milgray Electronics 

Eden Prairie, 612-941-5280 

Future Electronics Corp. Englewood, 303-799-0258 Palatine, 708-202-1900 Future Electronics Corp. 
San Jose, 408-434-1122 Future Electronics Corp. TIME Electronics 

Eden Prairie, 612-944-2200 

Hall-Mark Electronics Lakewood, 303-232-2008 Schaumburg, 708-303-3000 Hall-Mark Electronics 
Chatsworth, 818-773-4500 Hall-Mark Electronics Bloomington, 612-881-2600 

Hall-Mark Electronics Englewood,303-790-166 IOWA 
Irvine, 714-727-6000 Arrow Electronics MISSOURI 

Hall-Mark Electronics CONNECTICUT Cedar Rapids, 319-395-7230 Arrow Electronics 

Rocklin, 916-624-9781 Arrow Electronics SI. Louis, 314-567-6888 

Wallingford,203-265-7741 INDIANA Future Electronics Corp. 
Hall-Mark Electronics Arrow Electronics SI. Louis, 314-469-6805 Cronin Electronics San Diego, 619-268-1201 

Wallingford,203-265-3134 Indianapolis, 317-299-2071 Hall-Mark Electronics 
Hall-Mark Electronics Hall-Mark Electronics Earth City, 314-291-5350 
San Jose, 4084324000 Future Electronics Corp. 

Bethel,203-743-9594 Indianapolis, 317-872-8875 TIME Electronics 
Merit Electronics SI. Louis, 314-391-6444 
San Jose, 408434-0800 Milgray Electronics KANSAS 

Milford, 203-878-5538 Arrow Electronics 
Lenexa, 913-541-9542 
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MOSEL-VITELIC 

MOSEL-VITELIC U.S. DISTRIBUTORS (continued): 

NEW HAMPSHIRE Hall-Mark Electronics OREGON 
Cronin Electronics Fairport, 716-425-3300 Arrow Electronics 
Manchester, 603-624-0105 Milgray Electronics Beaverton, 503-629-8090 

NEW JERSEY 
Farmingdale, 516-391-3000 Future Electronics Corp. 

Arrow Electronics TIME Electronics Beaverton, 503-645-9454 

Marllon, 609-596-8000 Hauppauge, 516-273-0100 TIME Electronics 

Arrow Electronics 
Portland, 503-684-3780 

NORTH CAROLINA 
Pine Brook, 201-227-7880 Arrow Electronics PENNSYLVANIA 
Future Electronics Corp. Raleigh,919-876-3132 Arrow Electronics 
Parsippany, 201-299-0400 Future Electronics Corp. Pittsburgh, 412-963-6807 

Hall-Mark Electronics Concord, 704-455-9030 Future Electronics Corp. 
MI. Laurel, 609-235-1900 Future Electronics Corp. Martton, NJ, 609-596-4080 

Hall-Mark Electronics Raleigh, 919-790-7111 
Parsippany, 201-515-3000 Hall-Mark Electronics 

TEXAS 
Allied Electronics 

MIlgray Electronics Raleigh, 919-872-0712 Fort Worth, 817-595-6409 
Car1ton, 708-983-5010 Milgray Electronics Arrow Electronics 
Milgray Electronics Raleigh, 919-790-8094 Austin, 512-835-4180 
Parsippany, 201-335-1766 

Arrow Electronics 
Time Electronics OHIO 

Carroltton, 214-380-6464 
Mariton, 215-337-0900 Arrow Electronics 

Centerville, 513-435-5563 Arrow Electronics 

NEW YORK Arrow Electronics Houston, 713-530-4700 

Arrow Electronics SoIon,216-248-399O Future Electronics Corp. 
Hauppauge, 516-231-1000 Future Electronics Corp. Houston, 713-556-8696 

Arrow Electronics Mayfield Heights, 216-449-6996 Future Electronics Corp. 
Rochester, 716-427-0300 Hall-Mark Electronics Richardson, 214-437-2437 

Future Electronics Corp. Solon, 216-349-4632 TIME Electronics 
Hauppage, 516-234-4000 Hall-Mark Electronics Austin, 512-339-3051 

Future Electronics Corp. Worthington, 614-888-3313 Hall-Mark ElectroniCS 
Rochester, 716-272-1120 Milgray Electronics Austin, 512-256-8848 

Future Electronics Corp. Cleveland,216-447-1520 Hall-Mark Electronics 
Syracuse, 315-451-2371 Dallas, 214-553-4300 

Hall-Mark Electronics OKLAHOMA Hall-Mark Electronics 
Plymouth,313-416-58oo Arrow Electronics Houston, 713-781-6100 

Cronin Electronics 
Tulsa, 918-252-7537 

East Syracuse, 315-433-0033 Hall-Mark Electronics 

Hall-Mark Electronics 
Tulsa, 918-254-6110 

Ronkonkoma, 516-737-0800 
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SALES NETWORK 

Milgray Electronics 
Dallas, 214-248-1603 

Milgray Electronics 
Stafford,713-240-5360 

TIME Electronics 
Carrotton, 214-241-7441 

UTAH 
Arrow Electronics 
Salt Lake City, 801-973-6913 

A.V.E.D. 
West Valley City, 801-975-9500 

Future Electronics Corp. 
Sail Lake City, 801-972-8489 

Milgray Electronics 
Sait Lake City, 801-261-2999 

TIME Electronics 
West Vailey, 801-973-8181 

WASHINGTON 
Arrow Electronics 
Bellevue, 206-643-9992 

Future Electronics Corp. 
Bothell, 206-489-3400 

Hail-Mark Electronics 
Seattle, 206-547-0415 

TIME Electronics 
Redmond,20B-B82-1600 

WISCONSIN 
Arrow Electronics 
New Berlin, 414-792-0150 

Future Electronics Corp. 
Waukasha, 414-786-1884 

Hail-Mark Electronics 
New Berlin, 414-797-7844 

III 



MOSEL-VITELIC 

MOSEL-VITELIC WORLDWIDE OFFICES: 

U.S.A. 
3910 N. First Street 
San Jose, CA 95134 
Tel. 408-433-6000 
Fax. 408-433-0952 

HONG KONG 
19 Dai Fu Street 
Taipo Industrial Estate 
Taipo, NT, Hong Kong 
Tel. 852-665-4883 
Fax. 852-664-7535 

TAIWAN 
1 R&D Road I 
Science Based Industrial Park 
Hsinchu City, Taiwan 
Tel. 886-35-770055 
Fax. 886-35-776520 

5F No. 102, Min-Chuan E. Road 
Sec.3, Taipei, Taiwan 
Tel. 886-2-545-1213 
Fax. 886-2-545-1209 

JAPAN 
Kanagawa Science Park 
R&D C-4F 
100-1, Sakado, Takatsu-Ku 
Kawasaki 213 Japan 
Tel. 81-44-812-4397 
Fax. 81-44-612-7433 

Rm.302, Annex-G Higashi-Nakano 
Nakano-Ku, Tokyo 164 
Tel. 81-3-3365-2851 
Fax: 81-3-3365-2836 

SALES NETWORK 

MOSEL-VITELIC INTERNATIONAL SALES REPRESENTATIVES AND DISTRIBUTORS: 

AUSTRALIA Future Electronics Europe 
Braemac Ply Ltd. Westring216 
Unit 6, 111 Moore St. 0-4620 Castrop-Rauxel 
Leichhardt, Sydney 2040 Dortmund 
Tel. 61-2-564-1211 Tel. 02305-42051 
Fax. 61-2-564-2789 Fax. 02305-42614 

AUSTRIA 
Future Electronics Europe 
Black & Decker Strabe 17 A 

Codico 0-6270 Idstein 
Gessellschaft M.B. H&Co. KG Frankfurt 
Muhlgasse 86-88 A-2380 Tel. 0049-6126-54020 
Erchtoldsdorf Fax. 0049-6126-51629 
Tel. 222-662428 

Future Electronics Europe 

BELGIUM Munchner Strasse 19 

Aicom 0-6043 Unterfohring 

Singel 3, 8-2550 Kontich Munich 

Tel. 03-458-3033 Tel. 089-9571950 

Fax. 03-458-3126 Fax. 089-95719573 

Future Electronics Europe 
FINLAND Johannes-Daur Str. 1 
Fintronic 0-7015 Korntal-Munchingen 
Heikkiiantie2A Stuttgart 
00210 Helsinki Tel. 0711-630830 
Tel. 35-806926022 Fax. 0711-8308383 
Fax. 35-80674886 Tekelec Airtronic GMBH 

Kapuziner Strasse 9 
FRANCE 8000 Munich 2 
Almex Tel. 49-8951640 
48 Rue de L' Aubepine BP 102 Fax. 49-89516410 
Antony Cedex 
Tel. 33-140965400 HONG-KONG 
Fax. 33-146666028 Tektron Electronics (HK) Ltd. 
Microel 1702 Bank Center 
Ave De La BaRique 636 Nathan Road 
Za de Courtaboeuf Kowloon 
BP, 91941 Les Ulis, Cedex Tel. 852-388-0629 
Tel. 33-169070824 Fax. 852-780-5871 
Fax. 33-169071723 Hennison Technology Ltd. 

1 O/F, Un Fook House 
GERMANY 3 Jardine's Crescent 
API Electronik Causeway Bay 
Vertriebs GmbH Tel. 852-890-1967 
Lorenz-Braren-Str. 32 Fax. 852-576-4562 
8062 Markt Indersdorf 
Tel. 4981-367092 Dynatek Electronics Ltd. 

Fax. 4981-367398 Unit 701, 7/F 
Hong Leong Industrial Complex 

Avnet E2000 4 Wang Kwong Road 
Stahlgrubering 12 Kowloon Bay 
8000 Munich 82 Tel. 852-796-6689 
Fax. 49-89422775 Fax. 852-796-6109 

HOLLAND 
Alcom 
Essebaanl 
2908 Ijcapelle aid ijssel 
Tel. 010-4519533 
Fax. 01 0-4586482 

IRELAND 
Future Electronics Europe 
Post Office Lane 
Abbey Street 
Ennis, County Clare 
Tel. 010-353-65-41330 
Fax. 010-353-65-40654 

ITALY 
Silverstar 
Viale Fulvio Testin 280 
20126 Milano 
Tel. 39-2661251 
Fax. 39-266101359 

JAPAN 
T eksel Co. Ltd. 
Kanagawa Science Park, 
R&DC-4F 
1 00-1, Sakado, T akatsu-Ku 
Kawasaki 213 
Tel. 81-44-812-7430 
Fax. 81-44-612-7433 

Rectronics Corp. 
2F, S. S5, Bldg. 6-6-16 
Nihikasai, Eddgawa-Ku 
Tokyo 
Tel. 81-22-878-2901 
Fax. 81-33-878-2905 

Mitsui & Co. Ltd. "TKMKH" 
2-1, Ohtemahi 1-Chome, 
Chiyoda-Ku, Tokyo 
Tel. 81-3-3285-4066 
Fax. 81-3-3285-9868 

Internix, Inc. 
Shinjuku Hamada Bldg. 7-4-7 
Nishi-Shinjuku Shinjuku-Ku 
Tokyo 160 
Tel. 81-3-369-1105 
Fax. 81-3-366-8566 

Kyocera Corp. 
2-14-9 Tamagawadai, 
Setagaya-Ku, Tokyo 158 
Tel. 81-3-708-3111 
Fax. 81-3-708-3864 
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Microtec Inc. 
Itoh Bldg. 7-9-17 
Nishi-Shinjuku, Shinjuku-Ku 
Tokyo 160 
Tel. 81-3-371-1811 
Fax. 81-3-369-5623 

Kanematsu Corporation 
Section No.2 Electronics 
Devices Dept. 2-1 Shibaura 
1-Chome Minatoku 
Tokyo 105-05 
Tel. 81-3-5440-8612 
Fax. 81-3-5440-6523 

KOREA 
Helbon Electronics Co., Ltd. 
Rm. 402, Wonjin Bldg. 
1626-2 Seocho-Dong 
Seocho-Ku, Seoul 
Tel. 82-2-525-5091 
Fax. 82-2-525-5095 

Acetronix Company Ltd. 
Rm. 402, Parklim Bldg. 
95, Seobingko-Dong 
Yongsan-Ku, Seoul 
Tel. 82-2-796-4561 
Fax. 82-2-796-4563 

SINGAPORE 
Electec Pie. Ltd. 
Block 50 Kallang Bahru #04-21 
Singapore 
Tel. 65-294-8389 
Fax. 65-294-7623 

Westech Electronics Pie. Ltd. 
12 Lorong Bakar Batu #05-07 
Kolam Ayer Industrial Park 
Tel. 65-743-6355 
Fax. 65-746-1396 

SPAIN 
ADM Electronica, SA 
ClTomas Breton, 50, 3-2 
28045 Madrid 
Tel. 34-1-5304121 
Fax. 34-1-5300164 



MOSEL-VITELIC SALES NETWORK 

MOSEL-VITELIC INTERNAnONAL SALES REPRESENTATIVES AND DISTRIBUTORS (continued): 

SWEDEN 
DIP Electronics 
Danvik Center, 8th Floor 
8-104 65 Stockholm 
Tel. 46-8-644-9190 
Fax. 46-8-643-0047 

Titan 
Bergkallavagen 25 
191 07 Sollentuna 
Tel. 46-87549880 
Fax. 46-87548915 

SWITZERLAND 
Ascom Primotec AG 
Tafernstrasse 37 
Ch-5405 Baden Dattwill 
Tel. 41-56-840171 
Fax. 41-56-833454 

ElectronHel S.A. 
Ch. Du Grand-Clos, 1-BP 
93-1752 Villars sur Glane 
Tel. 41-374-10060 
Fax. 41-374-1 0070 

TAIWAN 
MSllnternational Corp. 
4th Fl., 75, Sec. 3, 
Ming Sheng E. Rd., 
Taipei 
Tel. 02-506-3320 
Fax. 02-506-8609 

Veiga Technology Corp. 
7F, No. 85, Section 6 
RooseveR Road, Taipei 
Tel. 02-933-2941 
Fax. 02-933-2945 

McTeam Intemationallnc. 
5F, No. 38, Leh Lei Rd., 
Taipei 
Tel. 02-736.{)875 
Fax. 02-738-7046 

UNITED KINGDOM 
DIP Electronics Ltd. 
Sheraton House 
Castel Park 
Cambridge CB3 OAl( 
Tel. 44-223-462-244 
Fax. 44-223467-316 
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Force Technology 
Unit 18 
Campbell Court 
Bramley 
Basingstoke, Hants RG265EG 
Tel. 44-256880788 
Fax. 44-256880307 

Future Electronics Europe 
Petersfield Avenue 
Slough, Berkshire 
England, U.K. 
SL25EA 
Tel. 0753-521193 
Fax. 0753-577661 
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MOSEL - VITELIC Taiwan 
1 R&D Road I 

Science Based Industrial Park 

Hsin Chu, Taiwan, R.O.C. 

Phone: 011-886-35-770055 

FAJ<:011-886-35-772788 

MOSEL- VITELIC USA 
3910 North First Street 

San Jose, CA 95134 

Phone: 408-433-6000 

FAJ<:408-433-0952 

MOSEL - VITELIC Hong Kong 
19 Dai Fu Street 

Taipo Industrial Estate 

Taipo, NT, Hong Kong 

Phone: 011-852-665-4883 

FAJ<:011-852-664-7535 

MOSEL- VITELIC Japan 
Rxn.302,Aunnex-G 

Higashi -Nakano, N akano-ku 

Tokyo 164, Japan 

Phone: 011-81-3-3365-2851 

FAJ<:011-81-3-3365-2836 

MOSEL __ 

VITELIC 


