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MEMORIES SELECTOR GUIDE 

NOTES 

Not all package options are listed. 

Operating temperature ranges: 
MaS - OOC to 70°C 
ECl - Consult individual data sheets 
TTL - Military - 55°C to + 125°C, Commercial OOC to 70°C 

FOOTNOTES 

1 Motorola's innovative pin #1 refresh 

2AII MaS memory outputs are three-state except the open collector MCM2115A series. 

3Character generators include shifted and unshifted characters, ASCII, alphanumeric control, 
math, Japanese, British, German, European and French symbols. 

4Standard Patterns for MaS ROMs: 
MCM68A308P7 - MC6800 MIKbug/MINlbug ROM 
MCM68A316EP91 - Universal Code Converter and Character Generator 
MCM68A332P2 - Sine/Cosine look-Up Table 
MCM68364P35-3 - log/Antilog look-Up Table 
MCM65516P43M - MC146805 Monitor Program 

*To be introduced. 
(Not all speed selections shown) 
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MEMORIES SELECTOR GUIDE (Continued) 

RAMs 
MOS DYNAMIC RAMs 

Organization Part Number 
Access Time Power No. of 

(nsmax) Supplies Pins 
4096 x 1 MCM4027 AC·2 150 +12. ±5V 16 
4096 x 1 MCM4027AC·3 200 +12. ±5 V 16 
4096 x 1 MCM4027AC·4 250 +12. ±5V 16 

16384 x 1 MCM4116BP15 150 +12. ±5 V 16 
16384x 1 MCM4116BP20 200 +12. ±5V 16 
16384 x 1 MCM4116BP25 250 +12. :t5V 16 
16384 x 1 MCM4517Pl0 100 +5V 16 
16384 x 1 MCM4517P12 120 +5V 16 
16384 x 1 MCM4517P15 150 +5V 16 
16384 x 1 MCM4517P20 200 +5V 16 

32768 x 1 MCM6632AP151 150 +5V 16 
32768 x 1 M CM6632AP20 1 200 +5V 16 
32768 x 1 MCM6833AP15 150 +5V 16 
32768 x 1 MCM6833AP20 200 +5V 16 

65536 x 1 MCM6684AP121 120 +5V 16 
65536 x 1 MCM6684AP151 150 +5V 16 
65536 x 1 MCM6684AP201 200 +5V 16 
65536x 1 MCM6665AP12 120 +5V 16 
65536x 1 MCM6665AP15 150 +5V 16 
65336 x 1 MCM6865AP20 200 +5V 16 

TTL BIPOLAR RAMs 

Organization Part Number 
Access Time 

Output 
No. of 

(ns max) Pins 
256x4 MCM93412 45 Open Collector 22 
256x4 MCM93422" 45 3-State 22 
256x4 MCM93L422" 60 3-State 22 

1024x 1 MCM93415 45 Open Collector 16 
1024 x 1 MCM93425 45 3-State 16 

See Notes on Page 1-2 

1-3 



MEMORIES SELECTOR GUIDE (Continued) 

MOS STATIC RAMs ( + 5 Volts) 

Organization Part Number 
Access Time No. of 

(ns max) Pins 
128x8 MCM6810 450 24 
128x8 MCM68A10 360 24 
128x8 MCM68B10 250 24 

1024 x 4 MCM2114P20 200 18 
1024 x 4 MCM2114P25 250 18 
1024 x 4 MCM2114P30 300 18 
1024 x 4 MCM2114P45 450 18 
1024x4 MCM21 L 14P20 200 18 
1024x4 MCM21 L 14P25 250 18 
1024 x 4 MCM21 L 14P30 300 18 
1024x4 MCM21 L 14P45 450 18 

1024x 1 MCM2115AC452 45 16 
1024x 1 MCM2115AC552 55 16 
1024 x 1 MCM2115AC702 70 16 
1024x 1 M CM21 L 15AC452 45 16 
1024x 1 MCM21L15AC702 70 16 
1024 x 1 MCM2125AC45 45 16 
1024x 1 MCM2125AC55 55 16 
1024 x 1 MCM2125AC70 70 16 
1024 x 1 MCM21L25AC45 45 16 
1024x 1 MCM21L25AC70 70 16 

4096 x 1 MCM6641P20 200 18 
4096 x 1 MCM6641P25 250 18 
4096 x 1 MCM6641P30 300 18 
4096 x 1 MCM6641P45 450 18 
4096 x 1 MCM66L41P20 200 18 
4096 x 1 MCM66L41 P25 250 18 
4096 x 1 MCM66L41 P30 300 18 
4096 x 1 M CM66L41 P45 450 18 
4096 x 1 MCM2147C55 55 18 
4096 x 1 MCM2147C70 70 18 
4096 x 1 MCM2147C85 85 18 

CMOS STATIC RAMs (+ 5 Volts) 

Organization Part Number 
Access Time No. of 

(ns max) Pins 
256 x 4 MCM5101P65 650 22 
256x4 MCM5101POO 800 22 
256x4 MCM51 L01 P45 450 22 
256 x 4 MCM51L01P65 650 22 

2048 x 8 MCM65116P15' 150 24 

4096 x 1 MCM65147P55 55 18 
4096 x 1 MCM65147P70 70 18 

See Notes on Page 1-2 
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MEMORIES SELECTOR GUIDE (Continued) 

EeL BIPOLAR RAMs 

Organization Part Number 
Access Time No. of 

Ins max) Pins 

8x2 MCM10143 15 24 
256 x 1 MCM10144 26 16 
16x4 MCM10145 15 16 

1024 x 1 MCM10146 29 16 
1024 x 1 MCfy110146A· 15 16 
128x1 MCM10147 15 16 
64x 1 MCM10148 15 16 
256 x 1 MCM10152 15 16 

4096 x 1 MCM10470 35 18 
4096 x 1 MCM10470A· 20 18 
1024x4 MCM10474· 25 24 

EPROMs 
MOS EPROMs 

Organization Part Number 
Access Time Power No. of 

Ins max) Supplies Pins 

1024 x 8 MCM2708C 450 +12.±5V 24 
1024 x 8 MCM27A08C 300 +12.±5V 24 

2048 x 8 TMS2716C 450 +12.±5V 24 
2048 x 8 MCM2716C 450 +5V 24 

4096x8 MCM2532C 450 +5V 24 

8192x8 MCM68764C 450 +5V 24 
8192x8 MCM68766C 450 +5V 24 
8192x8 MCM68766C35 350 +5V 24 

EEPROMs 
MOS EEPROM 

Organization Part Number 
Access Time Power No. of 

Ins max) Supplies Pins 

16x16 MCM2801P lOl's +5V 14 
32x32 MCM2802p· 151's +5V 14 
2048 x 8 MCM2816p· 450 ns +5V 24 
2048 x 8 MCM2817p· 150 ns +5V 28 
4096 x 8 MCM2832p· 150 ns +5V 28 

See Notes on Page 1-2 
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MEMORIES SELECTOR GUIDE (Continued) 

ROMs 
MOS STATIC ROMs ( + 5 Volts) 
Character Generators3 

Organization Part Number 
Access TIme No. of 

Ins max) Pins 
12Bx (7x 5) MCM6670P 350 18 
128x(7x5) MCM6674P 350 18 

12Bx (9x7) MCM66700P 350 ·24 
12Bx(9x7) MCM66710P 350 24 
12Bx(9x7) MCM66714P 350 24 
128x (9x 7) MCM66720P 350 24 
12Bx (9x 7) MCM66730P 350 24 
128x (9x 7) MCM66734P 350 24 
12Bx (9x 7) MCM66740P 350 24 
12Bx(9x7) MCM66750P 350 24 
12Bx (9x 7) MCM66760P 350 24 
12Bx (9x 7) MCM66770P 350 24 
12Bx(9x7) MCM66780P 350 24 
12Bx (9x 7) MCM66790P 350 24 

Binary ROMs ( + 5 Volts) 

Organization Part Number 
Access TIme No. of 

Ins max) Pins 
1024 x 8 MCM68A308P 350 24 
1024x8 MCM68A308P74 350 24 
1024x8 MCM68B308P 250 24 

2048 x 8 MCM68A316EP 350 24 
2048 x 8 MCM68A316EP914 350 24 

4096 x 8 MCM68A332P 350 24 
4096 x 8 MCM68A332P24 350 24 

8192x8 MCM68364P35 350 24 
8192x8 MCM68364P35-s4 350 24 
8192x 8 MCM68364P20 250 24 
8192x 8 MCM68364P25 200 24 
8192x8 MCM68365P25 250 24 
B192x8 MCM68365P35 350 24 
8192x8 MCM68366P25 250 24 
8192x8 MCM68366P35 350 24 

CMOS ROMs ( + 5 Volts) 
Organization Part Number 

Access TIme No. of 
Ins max) Pins 

256 x 4 MCMl4524 1200 16 
2048 x 8 MCM65516P43 430 18 
2048 x 8 MCM65516P43M4 430 18 
2048 x 8 MCM65516P55 550 18 

See Notes on Page 1-2 
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MEMORIES SELECTOR GUIDE (Continued) 

PROMs 
Eel PROMs 

Access Time No. of 
Organization Part Number (ns max) Pins 

32x8 MCM10139 20 16 
256 x 4 MCM10149 25 16 

TTL PROMs 

Organization Part Number 
Access Time 

Output 
No. of 

(ns max) Pins 

512x4 MCM7621* 70 3-State 16 

512x8 MCM7641* 70 3-State 24 

1024x4 MCM7643 70 3-State 18 
1024x8 MCM7681 70 3-State 24 

2048 x 4 MCM7685 70 3-State 18 
2048 x 8 MCM76161* 70 3-State 24 

See Notes on Page 1-2 
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MEMORY SYSTEMS SELECTOR GUIDE 

STANDARD MEMORY SYSTEMS 

Motorola Memory Systems offers a variety of standard add-in memory modules to support LSI, PDP, VAX, UNIBUS, and 
MULTIBUS architectures. Many of these systems offer parity options and depopulated configurations. Some systems have 
EDAC for detecting and correcting erroneous data. Fast read access times are featured in all systems for compatibility with 
the most popular and latest computer systems. 

Board Selector Guide 

Host Computer Motorola Device Organization * 
Access Time 

Parity 
Typ Insl 

LS-11/23, PDP-11/03 MMSl132N3128 128K x 16 300 No 
MMSl132P3128 128K x 18 300 Yes 
MMSl142Noo16 16K x 16 CMOS RAMs 150 No 

PDP-11104 Ihrough MMSll17-38PC 64K x 18 300 Yes 
PDP-11/60 IUses HEX SPC Sloll MMSll17-48PC 64K x 18 350 Yes 

PDP-11/04, PDP-11 134 MMSl128P3064 64K x 18 300 Yes 
(Modified UNIBUS Compaliblel MMSl128P3096 96K x 18 300 Yes 

PDP-11/04, PDP-11/24 MMSl119P3128 128K x 18 300 Yes 
PDP-11/34 (Modified and EXlended MMSl119P4128 128K x 18 350 Yes 

UNIBUS Compalible) 

PDP-11/44 MMSl129E4512 1 Mbyte wilh EDAC (Error 350 No 
Detection and Correction) 

PDP-11170 MMSl170E1064 256 Kbyte'" " No 

VAX-111750 MMS750AE1064 256 Kbyte'" " No 
MMS750BE1256 1 Mbyte'" " No 

VAX-11 1780 MM S780AE1 032 256 Kbyte'" " No 

SBC 801 -, SBC 86/- MMS8512E 512 Kbyle (with EDAC) 350 No 
(MULTIBUS Compalible) MMS8256E 256 Kbyte (with EDAC) 350 No 

EXORmacs, VERSAmoduie MMS68KE4512 512 Kbyte (with EDAC) 350 No 

LSI, PDP, VAX, and UNIBUS are trademarks of Digital Equipmenl Corp. 
MULTI BUS is a Irademark of Inlel. 

·Ohly the most popular versions are listed. Depopulated models are also available in most series. 
"'Access Time is a function of DEC controller as well as listed array card. 

·"*These cards support EDAC. Actual Circuitry is on DEC controller board. 

CUSTOM MEMORY SYSTEMS 

Motorola Memory Systems has the engineering expertise 
necessary to support numerous applications, ranging from 
industrial machine control to geophysical exploration. 
Designs are made to customer specifications. User-defined 
evaluations are performed in addition to Memory Systems' 
standard testing procedures. 

The design engineering group has over 100 man years of 
experience, including the thorough knowledge of semicon
ductor technology that is a must when designing complete 
systems. State-of-the-art techniques are implemented when 
a system is being constructed. Interleaving and block 
transferring are used to enhance overall system perfor
mance. Memory Systems designers are specialists at incor
porating Error Detection and Correction IEDACI to improve 
reliability and increase Mean Time Between Failure IMTBFI. 
Sophisticated computer aided design equipment enhances 
layout of the printed circuit boards and dense memory ar
rays. 

The circuit boards are partially assembled using automalic 
insertion equipment, lowering the burden on the assembly 
line. 

Quality Assurance is intense at every stage of production. 
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Every product is thoroughly tested and evaluated by 
computer-controlled test equipment, and must meet 
customer specifications or be rejected. 

The customer's satisfaction is the number one priority of 
MotorolA Memory Systems. On-time customer delivery is 
stressed. A computerized inventory control system provides 
constant data on product availability. Highly trained field ser
vice personnel and the product engineering staff are always 
available for customer assistance. Motorola Representatives 
and Systems Engineers are located nationwide to assist our 
customers. 

For more information on custom memory systems .. 

CALL TOLL FR EE 
1-800-531-5118 
1512-928-6776 in Texasl 

OR WRITE 
Motorola Memory Systems 
Marketing Dept. V1230 
3501 Ed Bluestein Blvd. 
Austin, Texas 78721 
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@ MOTOROLA 

4096-BIT DYNAMIC RANDOM ACCESS MEMORY 

The MCM4027A is a 4096 x 1 bit high-speed dynamic Random 
Access Memory. It has smaller die size than the MCM4027 pro· 
viding improved speed selections. The MCM4027 A is fabricated 
using Motorola's highly reliable N-channel silicon-gate technology. 

By multiplexing row and column address inputs, the MCM4027A 
requires only six address lines and permits packaging in Motorola's 
standard 16-pin dual-in-line packages. Complete address decoding is 
done on chip with address latches incorporated. 

All inputs are TTL compatible, and the output is 3-state TTL 
compatible. The MCM4027 A incorporates a one·transistor cell 
design and dynamic storage techniques, with each of the 64 row 
addresses requiring a refresh cycle every 2.0 milliseconds . 

.. Maximum Access Time = 120 ns - MCM4027AC1 
150 ns - MCM4027AC2 
200 ns - MCM4027 AC3 
250 ns - MCM4027AC4 

o Maximum Read and Write Cycle Time = 
320 ns - MCM4027 AC1, C2 
375 ns - MCM4027AC3, C4 

.. Low Power Dissipation - 470 mW Max (Active) 
27 mW Max (Standby) 

• 3·State Output for OR·Ties 

• On-Chip Latches for Address, Chip Select, and Data In 

• Power Supply Pins on Package Corners for Optimum Layout 

• Industry Standard 16-Pin Package 

o Page· Mode Capability 

o Compatible with the Popular 2104/MK4096/MCM6604 

o Second Source for MK4027 

TRUTH TABLE 

Inputs Data Out 

l'f.lUl CAS a; WE Previous Interim Present 

L L L L Valid data High Imp. Input data 

L L L H Valid data High Imp. Valid data (cell) 

L L H X Valid data High Imp. High Imp. 

L H X X Valid data Valid data Valid data 

H L X X Valid data High Imp. High Imp. 

H H X X Valid data Valid data Valid data 

H '=' High, L = Low. X == Don't Care 
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Cycle Power 

Full-operating 

Full-operating 

Full-operating 

Reduced operating 

Standby 

Standby 

MCM4027A 

MOS 
(N·CHANNEL, SILICON·GATE) 

4096-BIT DYNAMIC 
RANDOM ACCESS 

MEMORY 

C SUFFIX 
FRIT·SEAL CERAMIC PACKAGE 

CASE 62!} 

PIN ASSIGNMENT 

V 8 81 ['ii\../"i6 ~ V S S 

Din! 2 15PCAS 

WE! 3 14 Dout 

liAS 13 CS 
AD 12 A3 

A2 11 A4 

A1 10 A5 

VDD 9 VCC 

Ref Function 

Ves Write cycle 

Ve, Read cycle 

Ves Deselected-refresh 

Ves RAS only-refresh 

No Standby-output disabled 

No Standby-output valid 
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MCM4027A 

BLOCK DIAGRAM 
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I 1 r Data In ~ataln 

Buffer 

Address 

~ Clocks 

! i 
pll CAS 
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OPERATING CHARACTERISTICS 

ADDRESSING 

The MCM4027 A has six address inputs (AO-A5) and 
two clock signals designated Row Address Strobe (RAS) 
and Column Address Strobe (CAS). At the beginning of 
a memory cycle, the six low order address bits AO through 
A5 are strobed into the chip with RAS to select one of 
the 64 rows. The row address strobe also initiates the tim
ing that will enable the 64 column sense amplifiers_ After 
a specified hold time, the row address is removed and the 
six high order address bits (A6-A 11) are placed on the 
address pins. This address is then strobed into the chip 
with CAS. Two of the 64 column sense amplifiers are 
selected by A 1 through A5_ A one of two data bus select 
is accomplished by AO to complete the data selection. 
The Chip Select (CS") is latched into the port along with 
the column addresses. 
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DATA OUTPUT 

In order to simplify the memory system designed and 
reduce the total package count, the MCM4027 A contains 
an input data latch and a buffered output data latch. The 
state of the output latch and buffer at the end of a mem
ory cycle will depend on the type of memory cycle per
formed and whether the chip is selected or unselected for 
that memory cycle. 

A chip will be unselected during a memory cycle if: 
(1) The chip receives both RAS and CAS signals, 

but no Chip Select signal. 
(2) The chip receives a CAS signal but no RAS 

signal. With this condition, the chip will be 
unselected regardless of the state of Chip 
Select input. 

If, during a read, write, or read-modify-write cycle, 



MCM4027A 

the chip is unselected, the output buffer will be in the 
high impedance state at the end of the memory cycle. 
The output buffer will remain in the high impedance state 
until the chip is selected for a memory cycle. 

For a chip to be selected during a memory cycle, it 
must receive the following signals: RAS, CAS, and Chip 
Select. The state of the output latch and buffer of a 
selected chip during the following type of memory cycles 
would be: 

(1) Read Cycle - On the negative edge of CAS, 
the output buffer will unconditionally go to a 
high impedance state. It will remain in this 
state until access time. At this time, the out· 
put latch and buffer will assume the logic 
state of the data read from the selected cell. 
This output state will be maintained until the' 
chip receives the next CAS signal. 

(2) Write Cycle - If the WE input is switched to a 
logic 0 before the CAS transition, the output 
latch and buffer will be switched to the state 
of the data input at the end of the access time. 
This logic state will be maintained until the 
chip receives the next CAS signal. 

(3) Read-Modify-Write - Same as read cycle. 

DATA INPUT 

Data to be written into a selected storage cell of the 
memory chip is first stored in the on-chip data latch. 
The gating of this latch is performed with a combination 
of the WE and CAS signals. The last of these signals to 
make a negative transition will strobe the data into the 
latch. If the WE input is switching to a logic 0 in the 
beginning of a write cycle, the falling edge of CAS strobes 
the data into the latch. The data setup and hold times 
are then referenced to the negative edge of CAS. 

If a read-modify-write cycle is being performed, the 
WE input would not make its negative transistion until 
after the CAS signal was enabled. Thus, the data would 
not be strobed into the latch until the negative transistion 

of WE. The data setup and hold times would now be ref
erenced to the negative edge of the WE signal. The only 
other timing constraints for a write-type·cycle is that both 
the CAS and WE signals remain in the logic 0 state for a 
sufficient time to accomplish the permanent storage of 
the data into the selected cell. 

INPUT/OUTPUT LEVELS 

All ofthe inputs to the MCM4027A are TTL-compatible, 
featuring high impedance and low capacitance (5 to 7 pF). 
The three-state data output buffer is TTL-compatible and 
has sufficient current sink capability (3.2 mAl to drive 
two TTL loads. The output buffer also has a separate 
VCC pin so that it can be powered from the same supply 
as the logic being employed. 

REFRESH 

In order to maintain valid data, each of the 64 internal 
rows of the MCM4027 A must be refreshed once every 2 ms. 
Any cycle in which a RAS signal occurs accomplishes a 
refresh operation. Any read, write, or read-modify-write 
cycle will refresh an entire internally selected row. How
ever, if a write or read-modify-write cycle is used to per
form a refresh cycle the chip must be deselected to pre
vent writing data into the selected cell. The memory can 
also be refreshed by employing only the RAS cycle. This 
refresh mode will not shorten the refresh cycle time; how
ever, the system standby power can be reduced by approx
imately 30%. 

If the RAS only refresh cycles are employed for an ex
tended length of time, the output buffer may eventually 
lose data and assume the high impedance state. Applying 
CAS to the chip will restore activity of the output buffer. 

POWER DISSIPATION 

Since the MCM4027A is a dynamic RAM, its power 
drain will be extremely small during the time the chip is 
unselected. 

The power increases when the chip is selected and 
most of this increase is encountered on the address 
strobe edge. The circuitry of the MCM4027A is largely 
dynamic so power is not drawn during the whole time 
the strobe is active. Thus the dynamic power is a function 
of the operating frequency rather than the active duty 
cycle. 

I n a memory system, the CAS signal must be supplied 
to all the memory chips to ensure that the outputs of 
the unselected chips are switched to the high impedance 
state. Those chips that do not receive a RAS signal will 
not dissipate any power on the CAS edge except for that 
required to turn off the chip outputs. Thus, in order to 
ensure minimum system power, the RAS signal should be 
decoded so that only the chips to be selected receive a 
RAS signal. If the RAS signal is decoded, then the chip 
select input of all the chips can be set to a logic 0 state. 

Circuit diagrams external to or containing Motorola products are included as a means of illustration only, Complete information 
sufficient for construction purposes may not be fully illustrated. Although the information herein has been carefully checked and is believed 
to be reliable, Motorola assumes no responsibility for inaccuracies. Information herein does not convey to the purchaser any license under 
the patent rights of Motorola or others. 

The information contained herein is for guidance only, with no warranty of any type, expressed or implied. Motorola reserves the right 
to make any changes to the information and the product (5) to which the information applies and to discontinue manufacture of the 
product(s) at any time. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 

RECOMMENDED OPERATING CONDITIONS (Referenced to VSS" Ground I 

Parameter Symbol Min Typ Max Unit Notes 

Supply Voltage VOO 10.8 12.0 13.2 Vdc 2 

VCC VSS 5.0 VOO Vdc 3 

VSS 0 0 0 Vdc 2 

VSS -4.5 -5.0 -5.5 Vdc 2 

Logic 1 Voltage, RAS, CAS, WRITE VIHC 2.4 5.0 7.0 Vdc 2,4 

Logic 1 Voltage, all inputs except RAS, CAS, WR ITE VIH 2.2 5.0 7.0 Vdc 2,4 

Logic 0 Voltage, all inputs VIL -1.0 0 0.8 Vdc 2,4 

DC CHARACTERISTICS (VOO" 12 V + 10% VCC" 5 0 V + 10% VSS" -5 0 V + 10% VSS - 0 V T A" 0 to 70oC.l Notes 1,5 - - -
Characteristic Symbol 

Average VOO Power Supply Current 1001 
V CC Power Supply Current ICC 
Average VSS Power Supply CUrrent ISS 
Standby VOO Power Supply Current 1002 
Average VOO Power Supply Current during 1003 

"RAS only" cycles 

Input Leakage Current (any input) II(LI 
Output Leakage Current IO(LI 
Output Logic 1 Voltage @ 'out - -5 rnA VOH 
Output Logic 0 Voltage @ lout - 3.2 rnA VOL 

NOTES 1 through 11 : 

1. T A is specified for operation at frequencies to tRC ~ tRc(min). 
Operation at higher cycle rates with reduced ambient temperatures 
and higher power dissipation is permissible provided that all ac 
parameters are met. 

2. All voltages referenced to VSS' 

3. Output voltage will swing from VSS to Vee when enabled, 
with no output load. For purposes of maintaining data in standby 
mode, Vee may be reduced to VSS without affecting refresh 
operations or data retention. However, the VOH(min) specifica· 
tion is not guaranteed in this mode. 

4. Oevice speed is not guaranteed at input voltages 'greater than 
TTL levels (0 to 5 v). 

5. Several cycles are required after power-up before proper 
device operation is achieved. Any 8 cycles which perform refresh 
are adequate for this purpose. 

Min Typ Max Units Notes 

35 mA 6 

mA 7 

250 "A 
2 mA 9 

25 mA 6 

10 "A 8 

10 "A 9,10 

2.4 Vdc 

0.4 Vdc 

6. Current is proportional to cycle rate. 1001 (max) is measured 
at the cycle rate specified by tRc(min). 

7. lec depends on output loading. During readout of high level 
data VCC is connected through a low impedance (135 n typ) to 
Data Out. At all other times ICC consists of leakage currents only. 

8. All device pins at a volts except VaB which is at -5 volts and 
the pin under test which is at +10 volts. 

9. Output is disabled (high-impedance) and RAS and CAS are 
both at a logic 1. Transient stabilization is required prior to 
measurement of this parameter. 

10.0V" VOut ,,+10V. 

11. Effective capacitance is calculated from the equation: 

C = ~e with.6.V = 3 volts. 

EFFECTIVE CAPACITANCE (Full operating voltage and temperature range, periodically sampled rather than 100% tested) Note 11 

Characteristic Symbol Max Unit 

I nput Capacitance (AO-A5), 0in, CS Cin(EFFI 5.0 pF 

RAS, CAS, WR ITE 10.0 

Output Capacitance Cout(EFF) 7.0 pF 

ABSOLUTE MAXIMUM RATINGS (See Notes 1 and 2) 

Rating Symbol Value Unit 

Voltage on Any Pin Relative to VBB* Vin, Vout -0.5 to +20 Vdc 

Operating Temperature Range TA o to +70 °c 
Storage Temperature Range Tstg -6510+150 °c This device contains circuitry to protect the 

Output Current (Short Circuit) lout 50 mAde 
inputs against damage due to high static volt-
ages or electric fields; however, it is advised that 

• (Vss- V •• > 4.5 V) normal precautions be taken to avoid applica-

NOTE: Permanent device damage may occur if ASSOLUTE MAXIMUM RATINGS tion of any voltage higher than maximum rated 

ARE EXCEEDED. Functional operation should be restricted to RECOMMENDED 
voltages to this high impedance circuit. 

OPERATING CONDITIONS. Exposure to higher than recommended voltages 
for extended periods of time could affect device reliability. Vas must be applied 
prior to Vee and VOD. Ves must also be the last power supply switched off. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Read, Write, and Read-Modify-Write Cycles) 

RECOMMENDED AC OPERATING CONDITIONS (VDD = 12 V '10%. Vcc = 5.0 V .10%. VBB = -5.0 V .10%. Vss = 0 V. 
TA = 0 to 700 C.! Notes 1.5. 12.1B 

MCM4027AC1 
Parameter Symbol Min Max 

Random Read or Write Cvcle Time 'RC 320 
Read Write Cycle Time RWC 320 
Page Mode Cycle Time PC 160 
Access Time From Row Address Strobe 'RAe 120 
Access Time From Column Address Strobe 'CAe 80 
Output Buffer and Turn-Off Delay 'OFF 35 
Row Address Strobe Precharge Time 'RP 100 
Row Address Strobe Pulse Width tRAS 120 10.000 
Row Address Strobe Hold Time 'RSH 80 
Column Address Strobe Pulse Width 'CAS 80 
Column Address Strobe Hold Time 'CSH 120 
Row to Column Strobe Lead Time IRCD 15 40 
Row Address SetuD Time 'ASR a 
Row Address Hold Time 'RAH 15 
Column Address Setl!P Time lASe ·5 
Column Address Hold Time 'eAH 40 
Column Address Hold Time Referenced to RAS 'AR 80 
Chjp Select Setup Time 'csc a 
ChiD Select Hold Time 'CH 40 
ChiP Select Hold Time Referenced to AAS 'CHR 80 
Transition Time Rise and Fall 'T 3 35 
Read Command Setup Time 'RCS a 
Read Command Hold Time 'RCH a 
Write Command Hold Time 'WCH 40 
Wnte Command Hold Time Referenced to m 'WCR 80 
Write Command Pulse Width 'WP 40 
Write Command to Row Strobe Lead Time 'RWL 50 
Write Command to Column Strobe Lead Time 'CWL 50 
Data in Setup Time 'OS a 
Data in Hold Time 'DH 40 
Data in Hold Time Referenced to RAS 'DHR 80 
Column to Row Strobe Precharge Time 'CRP a 
Column Precharge Time 'CP 60 
Refresh Period 'RFSH 2 
Write Command Setup Time 'wcs a 
~'oi1'JRlTl: Delav 'cwo 60 
RAS to WRllE Delay 'RWD 100 
Data Out Hold Time 'DOH 10 

NOTES 12 through 20: 

12. AC measurements assume tT = 5 ns. 

13. The specifications for tRc(minl and tRWe(min) are used only 
to indicate cycle time at which proper operation over the full 
temperature range (OoC " T A " 700 e) is assured. 

14.Assumes that tRCD" tRCD(maxl. 

15. Assumes that 'ReD ~ tRCD Imaxl. 

16. Measured with a load circuit equivalent to 2 TTL loads and 
l00pF. 

17.0peration within the tRco(max) limit insures that tRAc(maxl 
can be met. tRco(max) is specified as a reference point only; if 
tRCO is greater than the specified tRco{maxl limit. then access 
time is controlled exclusively by tCAC' 

MCM4027AC2 MCM4027AC3 MCM4027AC4 
Min Ma. Min Ma. Min Max Units Nota. 
320 375 375 ns 13 
320 375 375 ns 13 
170 225 285 ns 13 

150 200 250 ns 14.16 
100 135 165 ns 15.16 
40 50 60 ns 

100 120 120 ns 
150 10.000 200 10.000 250 10.000 ns 
100 135 165 ns 
100 135 165 ns 
150 200 250 ns 
20 50 25 65 35 85 ns 17 
a a a ns 
20 25 35 ns 
·10 ·10 ·10 ns 
45 55 75 ns 
95 120 160 ns 
·10 ·10 ·10 
45 55 75 ns 
95 120 160 ns 
3 35 3 50 3 50 ns 18 
a a a ns 
a a a ns 

45 55 75 ns 
95 120 160 ns 
45 55 75 ns 
50 70 85 ns 
50 70 85 ns 
a a a ns 19 

45 55 75 ns 19 
95 120 160 ns 
a a a ns 
60 80 110 ns 

2 2 2 ms 
a a a 
60 80 90 os 20 
110 145 175 ns 20 
10 10 10 ps 

18.VIHc(min) or VIH(min) and VIL(max) are reference levels for 
measuring timing of input signals. Also, transition times are 
measured between VIHC or VIH and VIL. 

19.These parameters are referenced to CAS leading edge in 
random write cycles and to WRITE leading edge in delayed write 
or read-modify write cycles. 

20. twCS. tCWD. and tRWO are not restrictive operating para
meters. They are included in the data sheet as electrical charac
terisitcs only: If twcs ;.. twcs(minl. the cycle is an early write 
cycle and Data Out will contain the data written into the selected 
cell. If tCWD ~ tCWDlminl and tRWD ~ tRWD(minl. the cycle is 
a read-write cycle and Data Out will contain data read from the 
selected cell. If neither of the above sets of conditions is satisfied, 
the condition of Data Out (at access time) is indeterminate. 
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READ CYCLE TIMING 
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WRITE CYCLE TIMING 
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READ-MODIFY-WRITE TIMING 
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PAGE MODE READ CYCLE 
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Row Addresses Columns s:: AAAAAA 
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16,384-BIT DYNAMIC RANDOM ACCESS MEMORY 

The MCM4116B is a 16,384-bit. high-speed dynamic Random 
Access Memory designed for high-performance, low-cost 
applications in mainframe and buffer memories and peripheral 
storage. Organized as 16,384 one-bit words and fabricated using 
Motorola's highly reliable N-channel double-polysilicon technology, 
this device optimizes speed, power, and density tradeoffs. 

By multiplexing row and column address inputs, the MCM4116B 
requires only seven address lines and permits packaging in 
Motorola's standard 16-pin dual in-line packages. This packaging 
technique allows high system density and is compatible with widely 
available automated test and insertion equipment. Complete 
address decoding is done on chip with address latches incorporated. 

All inputs are TIL compatible, and the output is 3-state TIL 
compatible. The data output of the MCM4116B is controlled by the 
column address strobe and remains valid from access time until the 
column address strobe returns tothe high state. This'output scheme 
allows higher degrees of system design flexibility such as common 
input/output operation and two dimensional memory selection by 
decoding both row address and column address strobes. 

The MCM4116B incorporates a one-transistor cell design and 
dynamic storage techniques, with each of the 128 row addresses 
requiring a refresh cycle every 2 milliseconds. 

G Flexible Timing with Read-Moaify-Write, RAS-Only Refresh, and 
Page-Mode Capability 

(I) Industry Standard 16-Pin Package 

0 16,384 X 1 Organization 

0 ±10% Tolerance on All Power Supplies 

(ll All Inputs are Fully TIL Compatible 

CD Three-State Fully TIL-Compatible Output 

0 Common 1/0 Capability When Using "Early Write" Mode 

0 On-Chip Latches for Addresses and Data In 

0 Low Power Dissipation - 463 mWActive, 20 mWStandby(Max) 

0 Fast Access Time Options:150 ns - MCM4116BP-15, BC-15 
200 ns - MCM4116BP-20, BC-20 
250 ns - MCM4116BP-25, BC-25 
300 ns - M CM4116BP-30, BCC30 

0 Easy Upgrade from 16-Pin 4K RAMs 

ABSOLUTE MAXIMUM RATINGS ISee Notel 

Rating Symbol Value Unit 

Voltage on Any Pin Relative to VBB Vin. Vout -0.5 to +20 V 

Operating Temperature Range TA a to +70 °c 
Storage Temperature Range T stg -65 to +150 °c 
Power Dissipation Po 1.0 W 

Data Out Current lout 50 mA 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS ore ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 

2-13 

MCM4116B 

MOS 
tN-CHANNEll 

16,384-BIT DYNAMIC 
RANDOM ACCESS 

MEMORY 

C SUFFIX 
FRIT-SEAL CERAMIC PACKAGE 

CASE 620 

PIN ASSIGNMENT 

VB B fi8\-/"i6 V S S 

o 2 15 CAS 

W 14 Q 

RAS 13 A6 

AD 12 A3 

A2 11 A4 

A1 10 A5 

VDD VCC 

PIN NAMES 

AO-A6 ......................... Address Inputs 
CAS ............... Column Address Strobe 
o ..... Data In 
Q....... ...Data Out 
~.. . .. ..... Row Address Strobe 
W....... .. .... Read/Write Input 
VBB.. .. .... Power 1-5 VI 
Vec.. .. ........... Power 1+5 VI 
VDD.. . .. .......... Power I + 12 VI 
VSS.. .. ..................... Ground 

This device contains circuitry to protect the 
inputs against damage due to high static volt
ages or electric fields; however. it is advised that 
normal precautions be taken to avoid applica
tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. 
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BLOCK DIAGRAM 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 

RECOMMENDED OPERATING CONDITIONS 
Parameter Symbol Min Typ Max Unit 

Supply Voltage Voo 10.8 12.0 13.2 V 

VCC 4.5 5.0 5.5 V 

VSS 0 0 0 V 

VSS -4.5 -5.0 -5.5 V 

LogIc 1 Voltage, RAS, CAS, WAITE V,HC 2.4 - 7.0 V 

Logic 1 Voltage, all inputs except RAS, CAS, WRITE V,H 2.4 - 7.0 V 

Logic 0 Voltage. all inputs V,L -1.0 _. 0.8 V 

DC CHARACTERISTICS IVoo - 12 v' 10% VCC - 5 a V, 10% VSS -50 V' 10%, VSS 0 0 V, T A- 0 to 70oC.1 
Characteristic Symbol Min Max Units 

Average VOO Power Supply Current '001 - 35 rnA 

Vee Power Supply Current ICC - - rnA 

Average Ves Power Supply Current IS81,3 - 200 "A 

Standby Vas Power Supply Current ISB2 - 100 "A 

Standby VOO Power Supply Current 1002 - 1.5 rnA 

Average VOO Power Supply Current during "RAS only" cycles 1003 - Tl rnA 

Input Leakage Current (any input) "ILl - 10 "A 
Output Leakage Current 'OILi - 10 "A 

Output Logic 1 Voltage @ lout"" -5 mA VOH 2.4 - V 

Output Logic 0 Voltage@ lout -;04.2 mA VOL - 0.4 V 

NOTES. 
1. All VOltages referenced to VSS' VSS must be applied before and removed after other supply Voltages. 

Notes 

1 

1,2 

1 

1 

1 

1· 

1 

Notes 

4 

5 

6 

4 

6,7 

2 

2, Output voltage will swing from VSS to Vee under open circuit conditions. For purposes of maintaining data in power-down mode, Vee 
may be reduced to VSS without affecting refresh operations. VOH(min) specification is not guaranteed in this mode. 

3. Several cycles are required after power-up before proper device operation is achieved. Any 8 cycles which perform refresh are adequate 

4. Current is proportional to cycle rate; maximum current is measured at the fastest cycle rate. 

S. ICC depends upon output loading. The Vce supply is connected to the output buffer only. 

6. Output is disabled (open-circuit) when CAS is at a logic 1. 
7. OV~Vout";;+5.5V. 

CAPACITANCE If-l 0 MHz TA - 25°C VCC - 5 V periodIcally sampled ralher than 100% tesledl ISee Note 81 - - -
Parameter Symbol Typ 

Input Capacitance (AO~A5)t Din C'l 4.0 

Input Capacitance RAS, CAS, WRITE C'2 8.0 

Output Capacitance (Daut) Co 5.0 
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Max Unit Notes 

5.0 pF 9 

10 pF 9 

7.0 pF 7,9 



MCM4116B 

AC OPERATING CONDITIONS AND CHARACTERISTICS (See Notes 3, 9,14) 

READ, WRITE, AND READ-MODIFY-WRITE CYCLES 
(VDD=12V+l0% VCC=50V"0% vBB=-50V+l0% vSS=ov TA=01070oC.I - - -

MCM4116B·15 MCM4116B·20 MCM4116B·25 MCM4116B·30 

Parameter Symbol Min Max Min Max Min Max Min Max 

Random Read or Write Cycle Time IRC 375 - 375 - 410 - 480 -
Read Write Cycle Time IRWC 375 - 375 - 515 - 660 -

Access Time from Row Address Strobe IRAC 150 200 250 300 

Access Time from Column Address Strobe ICAC 100 135 165 200 

Output Buffer and Turn-off Delay IOFF 0 50 0 50 0 60 0 60 

Row Address Strobe Precharge Time IRP 100 - 120 - 150 180 -
Row Address Strobe Pulse Width IRAS 150 10,000 200 10,000 250 10,000 300 10,000 

Column Address Strobe Pulse Width ICAS 100 10,000 135 10,000 165 10,000 200 10,000 

Row to Column Strobe Lead Time IRCD 20 50 25 65 35 85 60 100 

Row Address Setup Time IASR 0 - 0 - 0 - 0 -
Row Address Hold Time IRAH 20 - 25 35 60 

Column Address Setup Time IASC -10 - 10 - 10 - -10 -

Column Address Hold Time ICAH 45 - 55 - 75 .- 100 -

Column Address Hold Time IAR 95 120 160 200 
Referenced to RAS 

Transition Time (Rise and Falll IT 3.0 35 3.0 50 3.0 50 3.0 50 

Read Command Setup Time 'RCS 0 - 0 - 0 - 0 -
Read Command Hold Time IRCH 0 - 0 0 0 

Write Command Hold Time IWCH 45 - 55 - 75 - 100 -
Write Command Hold Time IWCR 95 - 120 - 160 - 200 -

Referenced to R AS 

Write Command Pulse Width IWP 45 - 55 - 75 - 100 -
Write Command to Row Strobe Lead Time IRWL 60 80 100 180 

Write Command to Column Strobe ICWL 60 80 100 180 
Lead Time 

Data in Setup Time IDS 0 - 0 - 0 - 0 -

Data in Hold Time IDH 45 - 55 75 100 

Data in Hold Time Referenced to RAS 'DHR 95 - 120 - 160 - 200 -

Column to Row Strobe Precharge Time 'CRP -20 - -20 - -20 - -20 -

RAS Hold Time IRSH 100 - 135 - 165 - 200 -
Refresh Period IRFSH - 2.0 - 2.0 - 2.0 - 2.0 

WR ITE Command Setup Time IWCS -20 - -20 - -20 - -20 -
CAS 10 WR ITE Delay ICWD 70 - 95 - 125 - 180 -
RAS 10 WR ITE Delay IRWD 120 - 160 - 210 - 280 -
CAS Precharge Time (Page mode cycle only) ICp 60 - 80 - 100 - 100 -

Page Mode Cycle Time IpC 170 - 225 - 275 - 325 -

CAS Hold Time 'CSH 150 - 200 - 250 - 300 -
NOTES: (conllnued) 

8. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C '" ~. 
9. AC measurements assume tT .= 5.0 ns. 

10. Assumes that tRCD l' tT W;;; tRCD (max). 

11. Assumes Ihal IRCD + IT;;' IRCD (max). 

12. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

Units Notes 

ns 

ns 

ns 10,12 

ns 11,12 

ns 17 

ns 

ns 

ns 

ns 13 

ns 

ns 

ns 

ns 

ns 

ns 14 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 15 

ns 15 

n, 

ns 

ns 

ms 

ns 

ns 16 

ns 16 

ns 

ns 

ns 

13. 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 greate~ than the specified tACO (max) limit, then access time is controlled exclusively by tCAC. 

14. VIHC (min) or VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transistion times are measured 
between VIHC or VIH and VIL. 

15. These parameters are referenced to CAS leading edge in random write cycles and to WR ITE leading edge in delayed write or read-modify
write cycles. 

16. tWCS. tCWD and t RWD are not restrictive operating parameters. They ere 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 tCWD;> tCWD (min) and tRWD ~ tRWD (min), the cycle is a read-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. 

17. Assumes that tCRP > 50 ns. 
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MCM4116B 

READ CYCLE TIMING 

RAS 
VIH 

VIL 

CAS 
VIH 

VIL 

ADDRESSES 
VIH 

VIL 

WRITE VIH 

VIL 

Q lData Outl 
VOH 

VOL 

\-------------- tRC ---.--------~ 

tRAS 

-------J ~-----tAR 

tcsH~I--------~~ 
tRCD ___ ~~---~I-tRSH 

_____ ...:...~ ____ _.!-__. 'CAS -------<101 

I 

tACS 

L'CAC 

tRAC--------~ 

High Z 
Valid 
Data 

tOFF 

WRITE CYCLE TIMING 

~-------------'RC ---------------~ 

~---------- 'RAS -----------.1 

RAS vlH 14-----'AR 

VIL 

CAS VIH 

ADDRESSES 
V IH 

VIL 

WRITE 
VIH 

VIL 

tWCR 

D IData Inl 
VIH 

VIL 

tOHR 

VOH 
Q lData Outl 

VOL 
High Z 
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MCM4116B 

READ-WRITE/READ-MODIFY-WRITE CYCLE 

~ _______________________________ tRWC ________________________________ -.~ 

~-----------------------·~I~----tRAS 
t-o-------- tA R -------------.,--1-

tCSH 
teAs 

CAS VIH 

VIL 

VIH 
ADDRESSES 

VIL 

~----------~--~I---tRWD--------------~ 
I'" .. o----------tCWD -------I 

WFiTTE 
VIH 

VIL 

o IData Inl 

RAS ONLY REFRESH TIMING 

Not.: CAS = VIHC, WRITE = Don't Car. 

AODRESSES 

VOH 
Q IData Outl ----------------HighZ--------------------
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MCM4116B 

PAGE MODE READ CYCLE 

r----------------------------tRAs------------------~----gl 

~~~I----tRSH~ tRP 

teAs teRP 

RAS VIH 
VIL 

CAS VIH 
V1L 

Addresses ~IH 
IL 

I. 
e 

PAGE MODE WRITE CYCLE 
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MCM41168 

§ ;; § § § 8 
g ;; s a ;; 
;; ;; ;; ;; ;; 

~ 8 ;; S a ;; 
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~ 
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j 
~ 
:;: 
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~ ~ 0 
a;; 

:t 
:ti 
~ 0 0 0 0 0 

Dp;nl6 

MCM4116B BIT ADDRESS MAP 

Row Address AS AS A4 A3 A2 A 1 AO 

Column Address AS AS A4 A3 A2 A 1 AD 

Rows 

0'" potential well filled 
with electrons 

1 = potential well filled 
with electrons 

§ i8 8 § 8 0 

~ i8 ::; i!l 0 
;; ;; ;; ;; 

~ 0 

'" " 
:g i8 ::; i!l 

'" :1; '" 

- - ~ 

0 0 0 -
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Pin 8 

D 

~ 

g 
~ 
~ 

0 

~ 
~ 

N 

Column Addresses 

Hex Dec AS AS A4 A3 A2 Al AD 

76 118 1 

77 119 1 

16 22 a a 1 

17 23 a 

" 
20 a 

15 21 a a 
12 I. ~ a 1 

13 I. a a 1 

10 ,. a a 
11 17 a a 
IE 30 a a 1 

IF 31 a a 1 

lC 2. a a 
lD 2. a a 
lA 2. 0 a 
lB 27 a 0 

18 2' 0 a 1 

19 25 a a 1 

OE 
" 

a a a 
OF 15 a a a 
OC 12 0 a a 
aD 13 a a a 
OA 10 a a 0 

08 11 a a 0 

08 a a a 
09 a a a 
06 a a a 
07 a a a 
a. a a a 
05 a a a 
02 

03 

00 a a a 
01 0 a a 

a 1 

a 1 

a 1 

a 1 

a 1 

a 1 

a a 
a a 

a 
a 

a 
a 

1 a 
1 

1 

1 

1 a 
1 a 
1 a 
1 a 
a 1 

a 
a 
a 1 

0 0 

a a 
a a 
a a 

1 a 

a a 
0 1 

a 

a a 
a 

1 

a a 
a 1 

1 a 
1 

a 
a 1 

1 a 

0 a 
a 
1 

1 

a a 
a 1 

a a 
a 1 

1 a 
1 

a a 
0 1 



® MOTOROI.A 

Advance Inforxnation 

16,384-BIT DYNAMIC RAM 

The MCM4517 is a 16,384-bit, high-speed, dynamic Random-Access 
Memory. Organized as 16,384 one-bit words and fabricated using 
HMOS high-performance, N-channel, silicon-gate technology. This 
new breed of 5-volt only dynamic· RAM combines high performance 
with low cost and improved reliability. 

By multiplexing row- and column-address inputs, the MCM4517 re
quires only seven address lines and permits packaging in standard 16-pin 
dual-in-line packages. Complete address decoding is done on chip with 
address latches incorporated. Data out is controlled by CAS allowing 
for greater system flexibility. 

All inputs and outputs, including. clocks, are fully TTL compatible. 
The MCM4517 incorporates a one-transistor cell design and dynamic 
storage techniques. 

• Organized as 16,384 Words of 1 Bit 

• Single + 5 Volt Operation 
• Fast 100 ns Operatiori 
• Low Power Dissipation: 

170 mW Maximum (Active) 
14 mW Maximum (Standby) 

• Maximum Access Time 
MCM4517-10 - 100 ns 
MCM4517-12 - 120 ns 
MCM4517-15 - 150 ns 
MCM4517-20 - 200 ns 

• Three-State Data Output 

• Internal Latches for Address and Data Input 
• Early-Write Common 1/0 Output Capability 
• 64K Compatible 128-cycle, 2 ms Refresh 

• RAS-only Refresh Mode 
• CAS Controlled Output 
• Upward Pin Compatibility from the 16K RAM (MCM4116) tothe 64K 

RAM (MCM6664) 

• Allows Undershoot VIL min= -2 V 
• Hidden RAS Only Refresh Capability 

BLOCK DIAGRAM 

ThiS document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MCM4517 

MOS 
IN-CHANNEL, SILICON-GATE) 

16,384-BIT 
DYNAMIC RAM 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

PIN ASSIGNMENT 

N/C [iiV"i6 VSS 

D 15 CAS 

W 14 Q 

fi:"AS 13 AB 

AO 12 A3 

A2 B 11 A4 

A1 10 A5 

VCC 8 9 N/C 

PIN NAMES 

AO-AB... ..Address Input 
D. . .... Data In 
Q... ..................... . ..... Data Out 
W.. .Read/Write Input 
RAS .................... Row Address Strobe 
CAS ............... Column Address Strobe 
Vce.. . ... Power 1+5 V) 
VSS. . ....................... Ground 

This device contains circuitry to protect the in
puts against damage due to high static voltages 
ar electric fields; however. it is advised that nor
mal precautions be taken to avoid application of 
any voltag~ higher than maximum rated voltages 
to this high-impedance circuit. 

ADI-836R2/11-81 



MCM4517 

ABSOLUTE MAXIMUM RATINGS ISee Notel 

Rating Symbol Value Unit 

FIGURE 1 - OUTPUT LOAD 

5V 

Voltage on Any Pin Relative to VSS Vin. Vout -2 to + 7 Vdc 

Operating Temperature Range TA o to + 70 "C 

Storage Temperature Range Tstq 65 to +150 "C 

Power Dissipation PD 1.0 W 

Data Out Current lout 50 mA 

NOTE: Permanent device damage may occur If ABSOLUTE MAXIMUM RATINGS are ex
ceeded. FunctIOnal operation should be restricted to RECOMMENDED OPERAT
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. -Includes Jig Capacitance 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full Operating Voltage and Temperature Range Unless Otherwise Noted.) 

RECOMMENDED DC OPERATING CONDITIONS 

Parameter Symbol 

VCC 
Supply Voltage 

VSS 

Logic 1 Voltage, All Inputs lilH 

Min Typ 

4.5 5.0 
0 0 

2.4 -

Logic 0 Voltage, All Inputs VIL - 2.0 -

DC CHARACTERISTICS 

Characteristics Symbol Min 

VCC Supply Current IStandbyl ICCl -

VCC Supply Current 10peratingi 
4517-10, tRC~235 

ICC2 
-

4517-12, tRC~270 -
4517-15, tRC~320 -
4517-20, tRC ~ 350 -

VCC Supply Current IRAS-Only Cycle I 
4517-10, tRC ~ 235 

ICC3 
-

4517-12, tRC ~ 270 -
4517-15, tRC~320 -
4517-20, tRC ~ 350 -

VCC Standby Current IStandby, Output Enablel ICAS at VIL, RAS at VIHI ICC4 -

VCC Supply Current IPage Mode Cycle Onlyl 
4517-10, tRC ~ 235 -
4517-12, tRC~270 ICC5 -
4517-15, tRC~320 -
4517-20, tRC ~ 350 -

Input Leakage Current (Any Input) IIiLi -
Output Leakage Current IOsVout s5.51 ICAS at Logic 11 10lLi -
Output Logic 1 Voltage@lout~ -4 mA VOH 2.4 

Output Logic 0 Voltage@lout~4 mA VOL -

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full Operating Voltage and Temperature Range Unless Otherwise Noted) 

ISee Notes 2 3 9 14 and Figure 11 

Typ 

1.B 

22 
20 
18 
16 

14 
12 
11 
10 

2 

17 
15 
13 
10 

-
-

-
-

Max 

5.5 
0 

7.0 

O.B 

Max 

2.5 

31 
28 
25 
23 

23 
21 
19 
18 

5 

23 
21 
18 
15 

10 

10 

-

0.4 

Symbol 
MCM4517-10 MCM4517-1 MCM4516-15 MCM4517-20 

Parameter 
Min Max Min Max Min Max Min Max 

Random Read or Write Cycle Time tRC 235 - 270 - 320 - 365 -

Read-Modify-Write Cycle Time tRWC 285 - 320 - 410 - 440 -

Access Time from Row Address Strobe tRAC - 100 - 120 - 150 - 200 

Access Time from Column Address Strobe tCAC - 55 - 65 - 80 - 120 

Output Buifer and Turn-Off Delay tOFF 0 45 0 50 0 60 0 70 

Row Address Strobe Precharge Time tRP 110 - 120 - 135 - 150 -

Row Address Strobe Pulse Width tRAS 115 10000 140 10000 175 10000 200 10000 

Column Address Strobe Pulse Width tCAS 55 10000 65 10000 95 10000 120 10000 

Row to Column Strobe Lead Time tRCD 25 45 25 55 25 70 30 80 

Row Address Setup Time tASR 0 - 0 - 0 0 

Row Address Hold Time tRAH 15 - 15 - 15 - 25 -

Column Address Setup Time tASC 0 - 0 - 0 - 0 -

Column Address Hold Time tCAH 15 - 15 - 20 - 20 -

Column Address Hold Time Referenced to RAS tAR 60 - 78 - 90 - 140 -

Transition Time (Rise and Fall) tT 3 50 3 50 3 50 3 50 
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Unit 

V 

V 

V 

Units 

mA 

mA 

mA 

mA 

mA 

~A 

~A 

V 

V 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

B60 !l 

Notes 

1 

1 

1 

Notes 

5 

4 

4 

Note. 

8,9 

8,9 

10, 12 

11,12 

18 

19 

19 

13 

6 



MCM4517 

AC OPERATING CONDITIONS AND CHARACTERISTICS (Continued) 

Parameter Symbol 
MCM4617-10 MCM4617-12 MCM4617-15 MCM4617-20 

Unit Notes 
Min Max Min Max Min Max Min Max 

Read Command Setup Time tRCS 0 - 0 - 0 - 0 - ns 

Read Command Hold Time tRCH 0 - 0 - 0 - 0 - ns 14 

Read Command Hold Time Referenced to RAS tRRH 20 - 25 - 35 - 40 - ns 14 

Write Command Hold Time tWCH 25 - 30 - 45 - 60 - ns 

Write Command Hold Time Referenced to RAS tWCR 70 - 85 - 115 - 140 - ns 

Write Command Pulse Width twp 25 - 30 - 50 - 50 - ns 

Write Command to Row Strobe Lead Time tRWL 60 - 65 - 110 - 110 - ns 

Write Command to Column Strobe Lead Time tCWL 46 - 50 - 100 - 100 - ns 

Data in Setup Time tDS 0 - 0 - 0 - 0 - ns 15 

Data in Hold Time tDH 25 - 30 - 45 - 60 - ns 15 

Data in Hold Time Referenced to RAS tDHR 70 - 85 - 115 - 140 - ns 

Column to Row Strobe Precharge Time tCRP 0 - 0 - 0 - 0 - ns 

RAS Hold Time tRSH 70 - 85 - 105 - 120 - ns 

Refresh Period tRFSH - 2.0 - 2.0 - 2.0 - 2.0 ms 

Write Command Setup Time twcs 0 - 0 - 0 - 0 - ns 16 

CAS" to WIfiTE Delay ICWD 55 - 65 - 80 - 100 - ns 16 

RAS to WRITE Delay tRWD 100 - 120 - 150 - 160 - ns 16 

~HoldTime tCSH 100 - 120 - 165 - 200 - ns 

CAS Precharge, Non Page Mode tCPN 50 - 55 - 70 - 90 - ns 

RMW Cycle RAS Pulse Width tRRW 135 l00b0 160 10000 195 10000 220 10000 ns 

RMW Cycle CAS Pulse Width tCRW 95 10000 110 10000 130 10000 140 10000 ns 

Page Mode Cycle Time tpc 125 - 145 - 190 - 260 - ns 

Page Mode Cycle Time IRead-Modify-Write) tpr:M 175 - 200 - 280 - 360 - ns 

CAS Precharge Time IPage Mode Cycle Only) tcp 60 - 70 - 85 - 105 - ns 

RAS Pulse Width IPage Mode Cycle Only) tRPM 115 10000 140 10000 175 10000 235 10000 ns 

CAPACITANCE 11= 1.0 MHz, TA=25°C, VCC= +5 V. Periodically sampled rather than 100% tested.) 

Parameter 
Input Capacitance IAO-A6), Din 

Input Capacitance RAS, CAS, WRITE 

NOTES: 
1. All voltages referenced to VSS. 
2. VIH min and VIL max are reference levels for measuring ~iming of input signals. Transition times are measured between VIH and V1L. 
3. An initial pause of 100 ,,5 is required after power-up followed by any 8 RAS cycles before proper device operation guaranteed. 
4. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
5. Output is disabled lopen-circuit) and RAS and CAS are both at a logic 1. 
6. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input sig

nals must transmit between VIH and VIL (or between VIL and VIHI in a monotonic manner. 
7. CapaCitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = IAtl AV 
8. The specifications for tAC Imin), and tAWC Iminl are used only to indicate cycle time at which proper operation over the full tem-

perature range (O°C:s:; T A:s;70°C) is assured. 
9. AC measurements assume tT = 5.0 ns. 

10. Assumes that tRCD"'tRCD IMax) 
11. Assumes that tRCD"tRCD IMax) 
12. Measured with a .current load equivalent to 2 TTL loads 1+200 I'A, -4 mAl and 100 pF IVOH=2.0 V, VOL=0.8 Vl. 
13. Operation within the tRCD Imax) limit ensures that tRAC Imax) can be met. tRCD Imax) is specified as a reference point only; if 

tRCD is greater than the specified tRCD Imax) limit, then access time is controlled exclusively by tCAC. 
14. Either tRRH or tRCH must be satisfied for a read cycle. 
15. These parameters are referenced to CAS leading edge in random write cycles and to WRiT'E leading edge in delayed write or read

modify-write cycles. 
16. twes, teWD. and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical characteri

istics only: if twcs" twcs Imin), the cycle is an early write cycle and the data out pin will remain open circuit Ihigh impedance) 
throughout the entire cycle; if tCWD"tCWD Imin) and tRWD"tRWD Imin), the cycle is a read-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 cond:tion of the data out lat 
access timel is indeterminate. 

17. Addresses, data-in and WRiTE are don't care. Data-out depends on the state of CA~. If CAS remains low, the previous output 
will remain valid. CAS is allowed to make an active to inactive transition during the AAS-only refresh cycle. When -~is brought 
high, the output will assume a high-impedance state. 

lB. toff .(max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
19. For read and write cycles only .. 
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MCM4517 

Addresses 

VIH
VIL-

VIH

VIL -

VIH

READ CYCLE TIMING 

~-----------------------tRC-----------------------4~ 

~--------------tRAS----------------~ 

VIL - ....loI:....l<:....l<:....l<:~~'-Y 

VOH
Q IData Oull VOL _ ----------High Z----------(I Data 

"'f--=:....-~ 

WRITE CYCLE TIMING 

~---------------------tRC--------------------~ 

____ -.I focf--------------tRAS---------------.I 11------.1 
AAS VIH-

VIL-

CAS VIH-
VIL-

VIH-
Addresses 

VIL-

W VIH-
VIL-

o lData In) 
VIH-

VIL -

tDHR 

Q lData Oull ~OH-
OL -

HighZ 
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Addresses, 
AO-A6 

Addresses 

w 

RAS-ONL Y REFRESH CYCLE 
IData-ln and WTli8 are Don't Care, CAS is HIGHI 

i+-------'--tRC---------+i 

~---------tRAS--------~~ 

ROwAddre~rxxXXXXXXxxxxxxxxxxxxxxxx 

READ-WRITE/READ-MODIFY-WRITE CYCLE 

1RWC 

·1 
tRRW 

tAR 

tRSH 
tCSH 

tCRW 

1~·~------tCWD-----~~ 
VIHV I L -..... .It...'''-''-I'''-''-'''-''~ 

\.--tCAC 

Q IData OutIVOH-___ ...:. _____ Hi9hZ _________ ~ Valid 

VOL- L---tRAC ~1"-----,~ I~D~ata -----f 
tDS~ tDH 

D IData Inl ~II~==~: 
HIDDEN RAS-ONLY REFRESH CYCLE ISee Note 181 

____ ~~~ ________ M_em_o_rv_cv~ci~===::~·~~~~~~~~~~_R_ef_re_sh_CJV;;-----.~~ 

~ \~------------------~;--
Addresses ~ Column XXXXXXXX~ 

TN 'tlllIXI YX!XtltIYJJYJYiXlfj 
Q IData OLitl ------------« Valid Data >---
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N 

~ 

RAS 

CAS 

Addresses 

Vi 

o 
lData Inl 

PAGE MODE READ-MODIFY-WRITE CYCLE 

10( VIH _--:>" tRPM------------------.I 

VIL - .1 

~ "Y-

tCRPj 

VIH
VIL -

I+--tRSH tCRP ~tRCDI:IOI( tc~~M .IWlo( tCRW .I~" 
'\ ~ 

tCRW 

tRWL -

I+-tCWL~~ 
~ 

tcp 
r+-1CAH 1+-1CWL ..... 

r tASC 

VIL -"~~r:_:p.-'1I~~p..--_!----_+.....I.~.;;:.:::1P

VIH_--+--~~I_---_i.. 

VIL ---t--,;I" 
tDS---.t ~ i++tDH tDS"i!- ~tDH 

IASC 

j.Jr 
tDS~ 

I""'-IDH 

VIH_"~~~~~~~~rY-~r,~~~~~~~~~-~~~~~~~~~~~~~-~~~~~~~ 

VIL -~I ....... -"-k=*~:;:_I-"-"1~""t~*~~T"-"-I'-"-~'-lIL._e:~~~1:.l1...l~r_~~ l-~lCAC tCAC l----tRAC~' Ie tOFF ..... tOFF ..... tOFF_ 

Q VOH- ~ Valid ~ 
IData Out) VOL-High Z Data Out ~ ,,'" ~ 4 "'" ~ Data Out Data Out 

s: 
n 
s: 
Ci 
~ 

...... 



32K BIT DYNAMIC RAM 

The MCM6632A is a 32,768 bit, high-speed, dynamic Random
Access Memory. Organized as 32,768 one-bit words and fabricated 
using HMOS high-performance N-channel silicon-gate technology, this 
new breed of 5-volt only dynamic RAM combines high performance 
with low cost and improved reliability. 

By multiplexing row- and column-address inputs, the MCM6632A 
requires only eight address lines and permits packaging in standard 
16-pin dual-in-line packages. Complete address decoding is done on 
chip with address latches incorporated. Data out is controlled by CAS 
allowing for greater system flexibility. 

All inputs and outputs, including clocks, are fully TTL compatible. 
The MCM6632A incorporates a one-transistor cell design and dynamic 
storage techniques. In addition to the RAS-only refresh mode, the 
refresh control function available on pin 1 provides two additional 
modes of refresh, automatic and self-refresh. 

o Organized as 32,768 Words of 1 Bit 

o Single 5 Volt Operation (± 10%) 

o Maximum Access Time 
MCM6632A-12= 120 ns 
MCM6632A-15=150 ns 
MCM6632A-20 = 200 ns 

o Low Power Dissipation 
302.5 mW Maximum (Activel (MCM6632A-151 

22 mW Maximum (Standby) 

o Early-Write Common I/O Capability 

o Control on Pin 1 for Automatic and Self Refresh 

o RAS-only Refresh Mode 

o CAS Controlled Output 

o Low Soft Error Rate < 0.1 % per 1000 Hours 
(See Soft Error Testingl 

o One Half of the 64K Dynamic Ram MCM6664A 

o The Operating Half of the MCM6632A is indicated by Device 
Marking: MCM66320A Tie A7 CAS (A151 Low "0"; MCM66321A 
Tie A7 CAS (A151 High "1" 

BLOCK DIAGRAM -Vee 
.--- -vss 

P,echa,gE 

~ 
Memory 

'" 
Memory 

AO ..... Array D Array ~ ~ 8 
'" 0 

A1->o Q. 0 u 1+ RAS E Row Decoder c Row Decoder -;;; 
A2 ..... ~ § ~ ~ CAS 

Memory " Memory Qj 

I u a: 
A3 ..... Array Array r- ~ .... Write,W 

A4_ 0 r- e .... REFRESH u 
Memory Memory 

~ 
C 

A5_ Array '" Array 0 
...... Data In, 0 D U 

0 

'" " ~ 
A6_ '" Row Decoder '" Row Decoder E .... Output iil 0 

-0 ~ 
,:: Data, Q 

A?_ D 

~ <l: Memory Memory 

~ " Array u Array 

'--

ThIS document contains ,nformation on a new product. Specifications and information herein 
are subject to change without notice 
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M((J)$ 
IN-CHANNEL, SILICON-GATEI 

32,76B-BIT 
DYNAMIC RANDOM ACCESS 

MEMORY 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

~ 
16 mH ~ UU 

L SUFFIX 
CERAMIC PACKAGE 

1 CASE 690 

PIN ASSIGNMENT 

"REFRESH 10 16 VSS 

0 2 15 CAS 

W 14 0 

RAS 4 13 A6 

AO 5 12 A3 

A2 6 11 A4 

A1 7 10 A5 

VCC 8 9 A7 

*If pin is not used, it should be connected to Vee 
through a 10 k resistor. 

REFRESH .. 
AO-A? 
o 
O. 
W 
RAS. 
CAS 
VCC 
VSS 

PIN NAMES 

. . Refresh 
..... Address Input 

. Data In 
. Data Out 

.. Read/Write Input 
. .. Row Address Strobe 

. Column Address Strobe 
. Power (+5 VI 

.......... Ground 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high
impedance circuit. 

ADI-901/4-82 



MCM6632A 

ABSOLUTE MAXIMUM RATINGS ISee Note) 

Rating Symbol Value Unit 
Voltage on Any Pin Relative to VSS 

lexcept VCC) Yin, Vout -2 to'+7 V 
Voltage on VCC Supply Relative to VSS VCC -1 to +7 V 
Operating Temperature Range TA o to + 70 °C 
Storage Temperature Range Tst9 -65 to + 150 °C 
Power Dissipation Po 1.0 W 
Data Out Current IShort Circuitl lout 50 mA 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex
ceeded. Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods 
of time could affect device reliability. 

FIGURE 1 - OUTPUT LOAD 

5V 

9700 

O---.---e--~--. 

100 pF" 12 kO 

"Includes Jig Capacitance 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.i 

RECOMMENDED OPERATING CONDITIONS 
Parameter Symbol Min Typ Max Unit Notes 

Supply Voltage MCM6632A-12, -15, -20 VCC 4.5 5.0 5.5 V 1 

VSS 0 0 0 V 1 

Logic 1 Voltage, All Inputs VIH 2.4 - VCC+l V 1 
Logic 0 Voltage, All Inputs VIL -1.0 - 0.8 V 1,19 

DC CHARACTERISTICS 
Characteristic Symbol Min Max Units Notes 

V CC Power Supply Current I Standbyi ICC2 - 4.0 mA 5 

VCC Power Supply Current 
6632A-12, tRC=250 ns - 60 
6632A-15, tRC=270 ns ICCI - 55 mA 4 
6632A-20, tRC=330 ns - 60 

V CC Power Supply Current During RAS only Refresh Cycles 
6632A-12, tRC=250 ns - 50 
6632A-15, tRC=270 ns ICC3 - 45 mA 4 
6632A-20, tRC=330 ns - 40 

VCC Power Supply Current During Page Mode Cycle for tRAS 10 p.sec 
6632A-12, tpC=tRP=120 ns 45 
6632A-15, tpC=tRP=145 ns ICC4 - 40 mA 4 
6632A-20, tPC=tRP=200 ns 35 

Input Leakage Current IVSS:sVin:SVCC) IAny Input Except REFRESH) II( LI - 10 p.A 

REFRESH Input Current IVSS:SVin:SVCC) IIIFI 20 p.A --

Output Leakage Current ICAS at logic 1, VSS:sVout:SVCC) IOILi - 10 p.A -
Output Logic 1 Voltage @ lout- -4 mA VOH 2.4 V 

Output Logic 0 Voltage @ lout- 4 mA VOL 0.4 V 

CAPACITANCE If= 1 0 MHz, TA = 25°C, VCC=5 V Periodically Sampled Rather Than 100% Tested) 

Parameter 'Symbol Typ Max Unit Notes 
Input Capacitance lAO-Ali, D Cll 3 5 pF 7 

Input Capacitance RAS, CAS, WRITE, REFRESH CI2 6 8 pF 7 

Output Capacitance IQ), ICAS = VIH to disable outputl Co 5 7 pF 7 

NOTES: 1. All voltages referenced to VSS. 
2. VIH min and VIL max are reference levels for measuring timing af input signals. Transition times are measured between VIH and 

VIL· 
3. An initial pause of 100 IlS is rsquired after power-up followed by any 8 RAS cycles before proper device operation guaranteed. 
4. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output 

open. 
5. RAS and CAS are both at a logic 1. 
6. The transition time specification applies for all inputs Signals. In addition to meeting the transition rate specification, all input 

signals must transmit between VIH and VIL (or between VIL and VI HI in a monotonic manner. 
7. Capacitance measured with a Boonton Meter or effective capacitance calsulated from the equation: C = I~t/ ~ V 
8. The specifications for tRC {mini, and tAWC (min) are used only to indicate cycle time at which proper operation over the. full 

temperature range {Q°C=:;TA=:;70°CI is assured. 
9. AC measurements tT = 5.0 ns. 

10. Assumes that tRCDstRCD Imaxl. 
11. Assumes that tRCD"'tRCD Imaxl 
12. Meas"red with a current load equivalent to 2 TTL 1-200 ~A, + 4 mAl loads and 100 pF with the data output trip paints set at 

VOH=2.0 V and VOL =0.8 V. 
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MCM6632A 

AC OPERATING CONDITIONS AND CHARACTERISTICS (Read, Write, and Read-Modify-Write Cyclesl 
(Full Operating Vollage and Temperature Range Unless Otherwise Noted See Notes 2 3 6 and Figure 11 

6632A-12 6632A-15 6632A-20 
Parameter Symbol Min Max Min Max Min Max 

Random Read or Write Cycle Time tRC 250 ~ 270 ~ 330 ~ 

Read Write Cycle Time tRWC 255 - 280 - 345 -

Access Time from Row Address Strobe tRAC - 120 - 150 200 

Access Time from Column Address Strobe tCAC - 60 - 75 - 100 

Output Buffer and Turn-Off Delay tOFF 0 30 a 30 a 40 

Row Address Strobe Precharge Time tRP 100 - 100 - 120 -

Row Address Strobe Pulse Width tRAS 120 10000 150 10000 200 10000 

Column Address Strobe Pulse Width tCAS 60 10000 75 10000 100 10000 

Row to Column Strobe Lead Time tRCD 25 60 30 75 35 100 

Row Address Setup Time tASR 0 a a 
Row Address Hold Time tRAH 15 - 20 -- 25 -
Column Address Setup Time tASC a - 0 - 0 ~ 

Column Address Hold Time tCAH 25 - 35 - 45 -

Column Address Hold Time Referenced to RAS tAR 85 - 95 - 120 -

Transition Time (Rise and Fall) tT 3 50 3 50 3 50 

Read Command Setup Time tRCS a - a - 0 ~ 

Read Command Hold Time tRCH a ~ a - a -

Read Command Hold Time Referenced to RAS tRRH a - a ~ a -

Write Command Hold Time tWCH 25 - 35 - 45 -

Write Command Hold Time Referenced to RAS tWCR 85 - 95 - 120 ~ 

Write Command Pulse Width twp 25 ~ 35 - 45 -

Write Command to Row Strobe Lead Time tRWL 40 ~ 45 ~ 55 -

Write Command to Column Strobe Lead Time tCWL 40 - 45 - 55 -

Data in Setup Time tDS a - 0 - a -

Data in Hold Time tDH 25 - 35 - 45 ~ 

Data in Hold Time Referenced to RAS tDHR 85 - 95 - 120 -
Column to Row Strobe Precharge Time tCRP -10 - -10 - -10 -

RAS Hold Time tRSH 60 - 75 ~ 100 -

Refresh Period tRFSH - 2.0 - 2.0 - 2.0 

WRITE Command Setup Time twcs -10 - -10 - -10 -

CAS to WRITE Delay tCWD 40 - 45 - 55 -

RAS to WRITE Delay tRWD 100 ~ 120 - 155 -

CAS Hold Time tCSH 120 - 150 - 200 -

CAS Precharge Time (Page Mode Cycle Onlyl tcp 50 - 60 - 80 -

Page Mode Cycle Time tpc 120 - 145 - 200 -

RAS to REFRESH Delay tRFD -10 - ~10 - -10 -

REFRESH Period (Battery Backup Model tFRP 2000 - 2000 - 2000 -

REFRESH to RAS Precharge Time (Battery Backup Model tFBR 290 - 320 - 400 -

REFRESH Cycle Time (Auto Pulse Model tFC . 250 - 270 - 330 -

REFRESH Pulse Period (Auto Period Model tFP 60 2000 60 2000 60 2000 

REFRESH to RAS Setup Time (Allto Pulse Model tFSR -30 - -:10 - -30 -

REFRESH to RAS Delay Time (Auto Pulse Model tFRD 290 - 320 - 400 -

REFRESH Inactive Time tFI 60 - 60 - 60 -

RAS to REFRESH Lead Time tFRL 350 ~ 370 - 450 -

RAS Inactive Time During REFRESH tFRI 350 - 370 - 450 -

Unit Notes 

ns 8,9 

ns 8,9 

ns 10, 12 

ns 11, 12 

ns 18 

ns -

ns -

ns -

ns 13 

ns 

ns -

ns -
ns -

ns 17 

ns 6 

ns ~ 

ns 14 

ns 14 

ns -

ns 17 

ns -

ns -

ns -

ns 15 

ns 15 

ns 17 

ns -

ns -

ms -

ns 16 

ns 16 

ns 16 

ns -
ns -

ns -

ns -

ns --

ns -
ns -

ns -

ns -

ns -
ns -

ns -

ns -

13. Operation within the tRCD (max) limit ensures that tRAC (max) can be met. tACO (max) IS specified as a reference POint only; if 
tRCD is greater than the specified tRCD(max) limit, then access time is controlled e;.;clusively by tCAe-

14. Either tRRH or tACH must be satisfied for a read cycle 
15. These parameters are referenced to CAs' leading edge in early write cycles and to WRi'f'E leading edge in delayed write or read

modify-write cycles. 
16 twCS.-tCWD and tRWD 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; jf tCWD<?:tCWD (min) and tRWD<?:tRWD (min), the cycle is read-write cycle and the data out will 
contain data read from the selected cell; if neither of the above sets o~ conditions is satisfied, the condition of the data out (at ac
cess time) is indeterminate. 

17. tAR min S tAR=tRCD+tCAH, lDHR min S tDHR=tRCD+tDH, tWCR min s tWCR=tRCD+tWCH 

18. toff (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

19. The device will withstand undershoots to the - 2 volt level with a maximum pulse width of 20 ns at the - 1.5 volt level. This is 
periodicalll' sampled rather than 100% tested. 
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READ CYCLE TIMING 

~----------------------__ tAC ________________________ ~~ 

~---------------tAAS----------------~~ 

AAS 
VIH-

VIL-

. CAS 
VIH-

VIL -

VIH-
Addresses 

VIL -

IN 
VIH_ 

VIL_ 

VOH_ 
o (OatC'lOutl 

VOL_ 
Hlqh Z 

WRITE CYCLE TIMING 

~------------------------tAC--------------~----------~ 

VIH _ ----, ~--------------tAAS----------l~ ,,----"\.1 
VIL -

VIH -
VIL -

Addresses 
VIH -

VIL -

VIH-
W 

VIL-

o tData In) 
VIH-

VIL -

tDHA 

VOH-
o IData Outl 

VOL-
HlghZ 
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VIH-
AAS 

VIL-

VIH-
CAS 

VIL-

VIH-
Addresses 

VIL-

VOH_ 
o (Data Out) 

VOL -

VIH
Addresses 

VIL -

VIH

PAGE MODE READ CYCLE 

1+-----------tRAS--------------~ 

H,Z 

PAGE MODE WRITE CYCLE 

1+-------------tAAS--------------~ 

VIL-W-~~~~~~~ __ ~~~~~~~~--~~~~~f_~~~----~~~~~~~ 

VIH _7'r~"'7ti...,.. j,;;";;':'''':'';;''''';='..;.,L 
D lData Inl 

VIL '-"--"-"""i- r--------""I"" 
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RAS-ONL Y REFRESH CYCLE 
(Data-in and Write are Don't Care, CAS is HIGH) 

~----------------tRC----------------~ 

~---------tRAS:----------~~ 

RowAddre~ 

REAO-WRITE/READ-MODIFY-WRITE CYCLE 

~------------------------------tRWC----------------------~------~ 

V'H-
~---------------------IRAS------------------------I~ J. ___ ---~ 
~--------IAR--------~·~I RAS 

V'L-

CAS 
VIH-

V'L-

VIH
Addresses V I L -

W V'H

V I L - ..... -"-"-'...,,'--"'-"~.Jf 

'RSH 
'CSH 

'CAS 

~--------ICWO--------~ 

!--tCAC 

o VOrt" HI h Z Valid 

tOFF 

lDataOutlVOL_ ~tRAC---l tost I h~OH ' 

lDat~'nl ~II: t~ 
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SELF REFRESH MODE (Sattary Backup)< 

RAS 
VIH-

VIL -

VIH-
REFRESH 

VIL -

AUTOMATIC PULSE REFRESH CYCLE - SINGLE PULSe-

!FRI 

RAS 
VIH 

VIL W !FRD ~ - ~-!RFD - I-!FSR 

REFRESH 
VIH 

VIL 

-----, 
!FP 

1\ I 

AUTOMATIC PULSE REFRESH CYCLE - MULTIPLE PULSE" 

VIH-

\ VIL - !FRL tFRD 

~ 
tFe 

tFSR 

VIL -

VIH-

• Addresses, data-in and WRITE are don't care. 
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TYPICAL CHARACTERISTICS 

FIGURE 2 - RAS ACCESS TIME versus SUPPLY VOLTAGE 
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FIGURE 4 - RAS ACCESS TIME versus 
AMBIENT TEMPERATURE 
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FIGURE 6 - RAS, W INPUT LEVEL versus SUPPLY VOLTAGE 
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FIGURE 3 - CAS ACCESS TIME versus SUPPLY VOLTAGE 
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FIGURE 5 - CAS ACCESS TIME versus 
AMBIENT TEMPERATURE 
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TYPICAL CHARACTERISTICS (continued) 

FIGURE 8 - ICCI SUPPLY CURRENT versus CYCLE RATE 
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FIGURE 10 - ICCI SUPPLY CURRENT 
versus SUPPLY VOLTAGE 
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FIGURE 12 - ICCI SUPPLY CURRENT 
versus AMBIENT TEMPERATURE (min RAS) 
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FIGURE 9 - ICCI SUPPLY CURRENT 
versus SUPPLY VOLTAGE 
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FIGURE 13 - ICC2 SUPPLY CURRENT versus SUPPLY VOLTAGE 
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TYPICAL CHARACTERISTICS (continued) 
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FIGURE 14 - ICC2 STANDBY CURRENT 
versus AMBIENT TEMPERATURE 
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FIGURE 16 - ADDRESS INPUT LEVEL versus SUPPLY VOLTAGE 
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SOFT ERROR TESTING 
The storage cell depletion regions as well as the sense 

amplifier and its associated bit lines are susceptible to charge 
collection of electrons from an alpha "hit." However, the 
susceptibility of these vulnerable regions varies. Depleted 
storage cells are vulnerable at all times, whereas the sense 
amplifiers and associated bit lines are susceptible only during 
the small portion of the memory cycle just prior to sensing. 
Hence, an increase in the frequency of dynamic RAM access 
will cause a corresponding increase in the soft error rate. 

To take this memory access dependency into account, the 
total soft error rate profile includes a cycle time component. 
The soft error rate due to bit line hits at the system's memory 
cycle rare is added to the soft error rate due to storage cell 
hits which are not frequency dependent. Figure 18 illustrates 
the impact that· frequency of access has on the 
MCM6664A/MCM6665A overall soft error rate. 

Under normal operating conditions, the die will be expos
ed to radiation levels of less than 0.01 alpha/cm2/hr. Ac
celerated soft error testing data is generated from at least 
three high-intensity sources having an Alpha Flux Density 
range of 1 x 105 to 6 x 105 lalpha/cm2hr) placed over un-
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FIGURE 15 - ICC3 SUPPLY CURRENT versus CYCLE RATE 
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coated die. Figure 19 ~hows the soft error rate for a given 
alpha flux density at a cycle rate of 100 kHz. The accelerated 
data of Figures 18 and 19 project that the soft error rate for 
package level radiation will be less than 0.1 %/1000 hours. 

SYSTEM LIFE OPERATING TEST CONDITIONS 

I 
1) Cycle time: 1 microsecond for read, write and refresh 

cycles 
2) Refresh Rate: 1 millisecond 
3) Voltage: 5.0 V 
4) Temperature: 3Q°C ± 2°C lambient temperature inside 

enclosure) 
5) Elevation: Approximately 620 feet above mean sea level 
6) Data Patterns: Write the entire memory space sequential

ly with all "1"s and then perform continuous sequential 
roads for 6 hours. Next, write the entire memory space 
with all "O"s sequentially and then perform continuous 
sequential reads for 6 hours. Next. go back to the all "1"s 
pattern and repeat the sequences all over again. 
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FIGURE 18 - ACCELERATED SOFT ERROR 
versus CYCLE TIME 
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FIGURE 20 - RASI CAS CYCLE FIGURE 21 - LONG RASICAS CYCLE 
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FIGURE 22 - RAS ONLY CYCLE FIGURE 23 - PAGE MODE CYCLE 
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FIGURE 24 - FUNCTIONAL BLOCK DIAGRAM 
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DEVICE INITIALIZATION 

Since the 32K dynamic RAM is a single supply 5 V only 
device, the need for power supply sequencing is no longer 
required as was the case in older generation dynamic RAMs. 
On power-up an initial pause of 100 microseconds is required 
for the internal substrate generator pump to establish the 
correct bias voltage. This is to be followed by a minimum of 
eight active cycles of the row address strobe I clockl to 
initialize the various dynamic nodes internal to the device. 
During an extended inactive state of the device (greater than 
2 ms with device powered upl the wake up sequence (8 
active cyclesl will be necessary to assure proper device 
operation. See Figures 25 and 26 for power on 
characteristics of the RAM for two conditions (clocks active, 
clocks inactivel. 

The row address strobe is the primary "clock" that 
activates the device and maintains the data when the RAM is 
in the standby mode. This is the main feature that distin
quishes it as a dynamic RAM as opposed to a static RAM. A 
dynamic RAM is placed in a low power standby mode when 
the device receives a positive-going row address strobe. The 
variation in the power dissipation of a dynamic RAM from 
the active to the standby state is an order of magnitude or 
more for NMOS devices. This feature is used to its fullest ad
vantage with high density mainframe memory systems, 
where only a very small percentage of the devices are in the 
active mode at anyone time and the rest of the devices are in 
the standby mode. Thus, large memory systems can be 
assembled that dissipate very low power per bit compared to 
a system where all devices are active continuously. 

ADDRESSING THE RAM 

The eight address pins on the device are time multiplexed 
with two separate 8-bi t address fields that are strobed at the 
beginning of the memory cycle by two clocks (active 

negativel called the row address strobe and the column 
address strobe. A total of fifteen address bits will decode one 
of the 32,768 cell locations in the device. The column 
address strobe follows the row address strobe by a specified 
minimum and maximum time called "tRCD," which is the 
row to column strobe delay. This time interval is also referred 
to as the multiplex window which gives flexibility to a system 
designer to set up his external addresses into the RAM. 
These conditions have to be met for normal read or write 
cycles. This initial portion of the cycle accomplishes the nor
mal addressing of the device. There are, however, two other 
variations in addressing the 32K RAM, one is called the page 
mode cycle (described later! where an 8-bit column address 
field is presented on the input pins and latched by the CAS 
clock; and the other is the Rl'iS only refresh cycle (described 
laterl where a 7-bit row address field is presented on the in
put pins and latched by the RAS clock. In the latter case, the 
most significant bit on Row Address A7 (pin 91 is not re
quired for refresh. See bit address map for the topology of 
the cells and their address selection. 

NORMAL READ CYCLE 

A read cycle is referred to as normal read cycle to differen
tiate it from a page-mode-read cycle, a read-while-write 
cycle, and read-modify-write cycle which are covered in a 
later section. 

The memory read cycle begins with the row addresses 
valid and the RAS clock transitioning from VIH to the VIL 
level. The CAS clock must also make a transition from VI H to 
the VIL level at the specified tRCD timing limits when the 
column addresses are latched. Both the RAS and CAS 
clocks trigger a sequence of events which are controlled by 
several delayed internal clocks. Also, these clocks are linked 
in such a manner that the access time of the device is in
dependent of the address multiplex window. The only 
stipulation is that the CAS clock must be active before or at 
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the tRCD maximum specification for an access (data valid) 
from the RAS clock edge to be guaranteed (tRACI. If the 
tRCD maximum condition is not met. the access (tCAC) 
from the CAS clock active transition will determine read ac
cess time. The external CAS signal is ignored until an inter
nal RAS signal is available, as noted in the functional block 
diagram, Figure 24. This gating feature on the CAS clock will 
allow the external CAS signal to become active as soon as 
the row address hold time (tRAH) specification has been met 
and defines the tRCD minimum specification. The time dif
ference between tRCD minimum and tRCD maximum can be 
used to absorb skew delays in switching the address bus 
from rOw to column addresses and in generating the CAS 
clock. 

Once the clocks have become active, they must stay active 
for the minimum (tRAS) period for the RAS clock and the 
minimum (tCAS) period for the CAS clock. The RAS clock 
must stay inactive for the minimum (tRP) time. The former is 
for the completion of the cycle in progress, and the latter is 
for the device internal circuitry to be precharged for the next 
active cycle. 

Data out is not latched and is valid as long as the CAS 
clock is active; the output will switch to the three-state mode 
when the CAS clock goes inactive. The CAS clock can re
main active for a maximum of 10 ns (tCaE) into the next 
cycle. To perform a read cycle, the write (W) input must be 
held at the VIH level from the time the CAS clock makes its 
active transition (tRCS) to the time when it transitions into 
the inactive (tRCH) mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except that the Write 
!W) clock must go active (VIL leve)) at or before the CAS 
clock goes active at a minimum twcs time. If the above 
condition is met, then the cycle in progress is referred to as a 
early write cycle. In an tlarly write cycle, the write clock and 
the data in is referenced to the active transition of the CAS 
clock edge. There are two important parameters with respect 
to the write cycle: the column strobe to write lead time 
(tCWL) and the row strobe to write lead time (tRWL). These 
define the minimum time that RAS and CAS clocks need to 
be active after the write operation has started ((W) clock at 
VIL leve)). 

It is also possible to perform a late write cycle. For this 
cycle the write clock is activated after the CAS goes low 
which is beyond twcs minimum time. Thus the parameters 
tCWL and tRWL must be satisfied before terminating this 
cycle. The difference between an early write cycle and a late 
write cycle is that in a late write cycle the write (W) clock can 
occur much later in time with respect to the active transition 
of the CAS clock. This time could be as long as 10 
microseconds - [tRWL + tRP + 2Ttl. 

At the start of a write cycle, the data out is in a three-state 
condition and remains inactive throughout the cycle. The 
data out remains three-state because of the active transition 
of the write (W) clock prevents the CAS clock from enabling 
the data-out buffers as noted in Functional Block Diagram. 
The three-state condition (high impedence) of the Data Out 
Pin during a Write cycle can be effectively utilized in a 
systems that has a common input/output bus. The only 
stipulation is that the system use only early write mode 
operations for all write cycles to avoid bus contention. 
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READ-MODIFY-WRITE AND READ-WHILE-WRITE CYLES 

As the name implies, both a read and a write cycle is ac
complished at a selected bit during a single access. The read
modify-write cycle is similar to the late write cycle discussed 
above. 

For the read-modify-write cycle a normal read cycle is in
itiated with the write (Vii) clock at the VIH level until the read 
data occurs at the device access time (tRACI. At this time 
the write (Vii) clock is asserted. The data in is setup and held 
with respect to the active edge of the write clock. The cycle 
described assumes a zerO modify time between read and 
write. 

Another variation of the read-modify-write cycle is the 
read-while-write cycle. For this cycle, the following 
parameters (tRWD, tCWD) play an important role. A read
while-write cycle starts as a normal read cycle with the write 
(Vii) clock being asserted at minimum tRWD or minimum 
tCWD time, depending upon the application. This results in 
starting a write operation to the selected cell even before 
data out occurs. The minimum specification on tRWD and 
tCWD assure that data out does occur. In this case, the data 
in is set up with respect to write (Vii) clock active edge. 

PAGE-MODE CYCLES 

Page mode operation allows faster successive data opera
tions at the 128 column locations. Page access (tCAC) is 
typically halt" the regular RAS clo~k access (tRAC) on the 
Motorola 64K dynamic RAM. Page mode operation consists 
of holding the RAS clock active while cycling the CAS clock 
to access the column locations determined by the 8-bit 
column address field. There are two controlling factors that 
limit the access to all 128 column locations in one RAS clock 
active operation. These are the refresh interval of the device 
(2 ms/12B= 15.6 microseconds) and the maximum active 
time speCification for the RAS clock (10 microsecondsl. 
Since 10 microseconds is the smaller value, the maximum 
specification of the RAS clock on time is the limiting factor 
of the number of sequential page accesses flossible. Ton 
microseconds will provide approximately 50 successive page 
accesses (10 microseconds ... page mode cycle time) for 
each row address selected before the RJI,S clock is reset. 

The page cycle is always initiated with a row address being 
provided and latched by the RAS clock, followed by the 
column address and CAS clock. From the timing illustrated, 
the initial cycle is a nOI mal read or write cycle, that has been 
previously described, followed by the shorter CAS cycles 
(tpCI. The CAS cycle tim'! (tPC) consists of the 'cAS clock 
active time (tCAS), and CAS clock precharge time (tcpl and 
two transitions. In addition to read and write cycles, a read
modify-write cycle can also be performed in a page mode 
operation. For a read-modify-write or ~ead-while-write type 
cycle, the conditions normal to that mode of operation will 
apply in the page mode also. The page mode cycle illustrated 
show a series of seqUf"ntial reads separated by a series of se
quential writes. This is just one mode of operation. In prac
tice, any combination of read, write and read-modify-write 
cycles can be performed to suit a particular application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
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degrade with time and temperature. Therefore, to retain the 
correct information, the bits need to be refreshed at least 
once every 2 ms. This is accomplished by sequentially cycl
ing through the 128 row address locations every 2 ms, or at 
least one row every 15.6 microseconds. A normal read or 
write operation is to RAM will serve to refresh all the bits 
(2561 associated with that particular row decoded. 

RAS Only Refresh - When the memory component is in 
standby the RAS only refresh scheme is employed. This 
refresh method performs a RAS only cycle on all 128 row 
addresses every 2 ms. The row addresses are latched in with 
the RAS clock, and the associated internal row locations are 
refreshed. As the heading implies, the CAS clock is not re
quired and should be inactive or at a VIH level to conserve 
power. 

Auto Refresh Mode and Self Refresh Mode (MCM6632A 
only) - With the MCM6632A, two additional refresh 
methods are available to the user. These special functions 
are incorporated on pin 1 of the device and have been ap
proved by JEDEC as an alternative function for that pin on 
the 32K dynamic memory. The auto refresh mode is ac
complished by asserting pin 1 active (VI L levell during the 

time interval when there are no memory' cycles. In the auto 
refresh mode, the REFRESH active pulse (tFpl must be 
limited to 2 microseconds or less. The 2 microsecond time is 
specified to prevent the device from transitioning into the 
self refresh mode. Auto refresh can be performed in a 
distributed mode Irefresh cycle every 15.6 microsecondsl 
and in a burst mode where all 128 refresh cycles are done one 
after the other until complete. An onboard address counter 
generates the internal row address to refresh a particular row 
and increments itself at the end of each cycle. 

Another variation of refresh is the self refresh mode. This 
mode is similar to the auto refresh method except that the 
active pulse width (tFBPI must be grAater than 2 
microseconds or held down active indefinitely. With pin 1 in 
the self refresh mode, an internal row address is generated 
by the internal refresh counter approximately every 15.6 
microseconds. This mode of refresh is used for systems re
quiring battery back-up, and saves additional system power 
by not requiring an external refresh address counter and ad
dress buffers. The power dissipation for either REFRESH 
mode is the same. 

ORDERING INFORMATION 

Pan Number Description 

MCM6632AL15 32K Dynamic 

MCM66320AL15 Random Access 
MCM66321AL15 Memory 

MCM6632AL20 Sidebraze 

MCM66320AL20 Package "L" 

MCM66321AL20 

'MCM66320A=T,e A7 CAS IA151 Low "0" 
MCM66321A=Tie A7 CAS IA151 High "I" 

Speed Marking" 

150 MCM66320AL 151 MCM66321 AL 15 

150 MCM66320AL15 

150 MCM66321AL15 

200 MCM66320AL20/MCM66321AL20 

200 MCM66320AL20 

200 MCM66321AL20 
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32K BIT DYNAMIC RAM 

The MCM6633A is a 32,768 bit, high-speed, dynamic Random
Access Memory. Organized as 32,768 one-bit words and fabricated 
using HMOS high-performance N-channel silicon-gate technology. This 
new breed of 5-volt only dynamic RAM combines high performance 
with low cost and improved reliability. 

By multiplexing row- and column-address inputs, the MCM6633A 
requires only eight address lines and permits packaging in standard 
16-pin dual-in-line packages. Complete address decoding is done on 
chip with address latches incorporated. Data out is controlled by CAS 
allowing for greater system flexibility. 

All inputs and outputs, including clocks, are fully TTL compatible. 
The MCM6633A incorporates a one-transistor cell design and dynamic 
storage techniques. 

o Organized as 32,768 Words of 1 Bit 

o Single + 5 V Operation (± 10%) 

o Full Power Supply Range Capabilities 

o Maximum Access Time 
MCM6633A-12= 120 ns 
MCM6633A-15= 150 ns 
MCM6633A-20= 200 ns 

o Low Power Dissipation 
302.5 mW Maximum (Active) (MCM6633A-15) 
22 mW Maximum (Standby) 

o Three-State Data Output 

o Internal Latches for Address and Data Input 

o Early-Write Common 110 Capability 

o 16K Compatible 128-Cycle, 2 ms Refresh 

o RAS-only Refresh Mode 

o CAS Controlled Output 

o Upward Pin Compatible from the 16K RAM (MCM4116, MCM4517) 

o Fast Page Mode Cycle Time 

o Low Soft Error Rate <0.1 % per 1000 Hours (See Soft Error Testing) 

o One Half of the 64K Dynamic RAM MCM6665A 

o The Operating Half of the MCM6633A is Indicated By Device Mark
ing: MCM66330A TIE A7 CAS (A 15) Low "0"; MCM66331A TIE A7 
CAS (A15) High "1" 
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Ii'vIJOl$ 
IN·CHANNEL, SILlCON·GATE) 

32,76B-BIT 
DYNAMIC RANDOM ACCESS 

MEMORY 

AO-A7 
0 
0 
W 
RAS 
CAS 
VCe-
VSS 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

L SUFFIX 
CERAMIC PACKAGE 

CASE 690 

PIN ASSIGNMENT 

N/C 10 16 VSS 

D 15 CAS 

W 14 0 

RAS 13 A6 

AO 12 A3 

A2 11 A4 

A1 10 A5 

VCC 9 A7 

PIN NAMES 

Address Input 
Data In 

Data Out 
..... Read/Write Input 

Row Address Strobe 
... Column Address Strobe 

Power I +5 V) 
Ground 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high
impedance circuit. 

DS-9868/4-82 
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ABSOLUTE MAXIMUM RATINGS (See Notel 

Rating Symbol Value Unit 

Voltage on Any Pin Relative to VSS 
(except VCCI Vin. Vout -2 to + 7 V 

Voltage on VCC Supply Relative to VSS Vee -1 to +7 V 

Operating Temperature Range TA o to + 70 °c 

Storage Temperature Range Tstg -65 to + 150 °c 

Power Dissipation Po 1.0 W 

Data Out Current lout 50 rnA 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex
ceeded. Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods 
of time could affect device reliability. 

FIGURE 1 - OUTPUT LOAD 

5V 

9700 

0-..... - ..... -+ ... ---. 

l00pF' 12kO 

-Includes Jig Capacitance 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted,) 

RECOMMENDED OPERATING CONDITIONS 

Parameter ,,symbol Min Typ Max Unit Notes 

Supply Voltage MCM6633A-12, -15, -20 Vce 4.5 5.0 5.5 V 1 

VSS 0 0 0 V 1 

Logic 1 Voltage, All Inputs VIH 2.4 - VCC+ 1 V 1 

Logic 0 Voltage, All Inputs VIL -1.0' - 0.8 V 1 

-The device will withstand undershoots to the - 2 volt level with a maximum pulse width of 20 ns at the - 1.5 volt level. This is periodically 
sampled rather than 100% tested. 

DC CHARACTERISTICS 

Characteristic Symbol Min Max Units Notes 

VCC Power Supply Current (Standbyl ICC2 - 4.0 mA 5 

VCC Power Supply Current 
6633A-12, tRC=250 ns - 60 
6633A-15, tRC=270 ns ICCl - 55 mA 4 

6633A-20, tRC = 330 ns - 50 

VCC Power Supply Current During RAS only Refresh Cycles 
6633A-12, tRC=250 ns - 50 
6633A-15, tRC=270 ns ICC3 - 45 mA 4 

6633A-20, tRC = 330 ns - 40 

VCC Power Supply Current During Page Mode Cycle for tRAS -10 psec 

6633A-12, tPC= tRP= 120 ns - 45 
6633A-15, tpC=tRP= 145 ns ICC4 - 40 rnA 4 

6633A-20, tpc = tR P = 200 ns - 35 

Input Leakage Current IVSS",Vin",VCCI IIiLi 10 pA 

Output Leakage Current ICAS at logic 1, VSS",Vout",VCCI 10lLi - 10 pA -
Output Logic 1 Voltage @ lout= -4 mA VOH 2.4 - V -

Output Logic 0 Voltage @ lout - 4 mA VOL - 0.4 V -

CAPACITANCE (f= 1 0 MHz T A = 25°C VCC=5 V Periodically Sampled Rather Than 100% Testedl 

Parameter Svmbol Typ Max Unit Notes 

Input Capacitance (AO-A71, D Cil 3 5 pF 7 

Input Capacitance RAS, CAS, WRITE CI2 6 8 pF 7 

Output Capacitance (01, ICAS= VIH to disable outputl Co 5 7 pF 7 

NOTES: 1. All voltages referenced to VSS. 
2. VIH min and VIL max are reference levels for measuring timing of input signals. Transition times are measured between VIH and 

VIL· 
3. An initial pause of 100 P.s is required after power-up followed by any 8 RAS cycles before proper deVice operation IS guaranteed 
4. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output 

open. 
5. RAS and CAS are both at a logic 1. 
6. The tranSition time specification applies for all inputs signals. In addition to meeting the tranSition rate speclfrcatlon, all Input 

Signals must transmit between VIH and VIL (or between VIL and VIHI in a monotonic manner. 
7. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C::: ~~ 
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AC OPERATING CONDITIONS AND CHARACTERISTICS (Read, Wrlle, and Read-Modify-Write Cycles I 

IFul1 Operating Voltage and Temperature Range Unless Otherwise Noted" See Notes 2 3 6 and Figure 1) 

6633A-12 6633A-15 6633A-20 
Parameter Symbol Min Max Min Max Min Max Units 

Random Read or Write Cycle Time tRC 250 - 270 - 330 - ns 

Read Write Cycle Time IRWC 255 - 280 - 345 - ns 

Access Time from Row Address Strobe IRAC - 120 - 150 - 200 ns 

Access Time from Column Address Strobe ICAC - 60 - 75 - 100 ns 

Output Buffer and Turn-Off Delay IOFF 0 30 0 30 0 40 ns 

Row Address Strobe Precharge Time tRP 100 - 100 - 120 - ns 

Row Address Strobe Pulse Width tRAS 120 10000 150 10000 200 10000 ns 

Column Address Strobe Pulse Width ICAS 60 10000 75 10000 100 10000 ns 

Row to Column Strobe Lead Time tRCD 25 60 30 75 35 100 ns 

Row Address Setup Time IASR 0 - 0 - 0 - ns 

Row Address Hold Time IRAH 15 - 20 - 25 - ns 

Column Address Setup Time IASC 0 - a - 0 - ns 

Column Address Hold Time ICAH 25 - 35 - 45 - ns 

Column Address Hold Time Referenced to ~ IAR 85 - 95 - 120 - ns 

Transition Time (Rise and Fall) IT 3 50 3 50 3 50 ns 

Read Command Setup Time IRCS 0 - 0 - 0 - ns 

Read Command Hold Time IRCH 0 0 - 0 - ns 

Read Command Hold Time Referenced to RAS IRRH 0 - 0 - 0 - ns 

Write Command Hold Time IWCH 25 - 35 - 45 - ns 

Write Command Hold Time Referenced to RAS tWCR 85 - 95 - 120 - ns 

Write Command Pulse Width IWp 25 - 35 - 45 - ns 

Wrl1e Command to Row Strobe Lead Time IRWL 40 - 45 - 55 - ns 

Wrl1e Command to Column Strobe Lead Time tCWL 40 - 45 - 55 - ns 

Data In Setup Time IDS 0 - 0 - 0 - ns 

Data In Hold Time tDH 25 - 35 - 45 - ns 

Data In Hold Time Referenced 10 RAS IDHR 85 - 95 - 120 - ns 

Column to Row Strobe Precharge Time ICRP -10 - -10 - -10 - ns 

RAS Hold Time IRSH 60 - 75 - 100 - ns 

Refresh Period IRFSH - 20 -- 20 - 20 ms 

WRITE Command Setup Time IWCS -10 - -10 - -10 - ns 

CAS 10 WRITE Delay tCWD 40 - 45 - 55 - ns 

RAS 10 WR ITE Delay IRWD 100 120 - 155 - ns 

CAS Hold Time tCSH 120 - 150 - 200 - ns 

CAS Precharge Time (Page Mode Cycle Only) ICp 50 - 60 _ - 80 - ns 

Page Mode Cycle Time IpC 120 - 145 - 200 - ns 

Notes 

8, 9 

8, 9 

10, 12 

11, 12 

18 

-

-
-

13 

-

-

-

-

17 

6 

-

14 

14 

-

17 

-

-

-

15 

15 

17 

-
-

-

16 

16 

16 

-

-

-

8. The specifications for tAC {min}, and tRWC {min} are used only to Indicate cycle time at which proper operation over the full 
temperature range (O°C::s T A::S 70°C) IS assured 

9. AC measurements tT = 5.0 ns. 
10. Assumes that tRcostRCO (max) 
11. Assumes Ihat IRCD2:IRCD Imaxl. 
12. Measured with a current load equivalent to 2 TTL (- 200 J.LA, + 4 rnA) loads and 100 pF With the data output triP points set at 

VOH=2.0 V and VOL =0.8 V. 

13. Operation within the tRCD (max) limit ensures that tRAC (max) can be met. tRCD (max) IS specified as a reference pOint only; If 
tReD is greater than the specified tRco{max) limit, then access time is controlled exclUSively by tCAG-

14. Either tRRH or tRCH must be satisfied for a read cycle 
15. These parameters are referenced to CAS leading edge In random write cycles and to WRITE leading edge In delayed write or read

modify-write cycles 
16. twes, tewD and IRWD are not restrictive operating parameters. They are Included In the data sheet as electrical characteristics 

only; jf twes~twes (min), the cycle is an early write cycle and the data out pin will remain open circuit (high Impedance) 
throughout the entire cycle; If tewo ~ tewD (min) and tRWO ~ tRWO (min), the cycle is read-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 ac
cess time) is indeterminate. 

17. tAR min" tAR = tRCD + ICAH 
tOHA min s tDHA = tACO + tOH 
lWCR min" tWCR = tRCD + lWCH 

18. toff (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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READ CYCLE TIMING 

~--------------________ --tRC ______________ ~ __________ ~ 

~--------------tRAS----------------~ 

---......J '----tAR--------~ 

Addresses 

VIH __ ~~~~~x-x;~r-~---r----------------------~~-~~~~~~ 

VIL -- .>I.....lII;~~ ..... '+'''-' ..... JI 

~-- ~ 
Q lData Ouil VOL __ -----------High Z----------{I Data 

"'"1c.._=_-¥ 

WRITE CYCLE TIMING 

~---------------------tRC------------~--------~~ 

Addresses 
VIH-

VIL - ~.vlF-";';"'::;';';':;"";lJ""''-Jijr~+-=~''''I'"''-~''-li~~..lL.~¥-1~lIL...l''-li'J '-___ _ 

VIH - VV\7\;"V~~tk---l-
VIL-~~~~~~~~~ __ ~ __ -4 ____ ~~~~~~~~~~~~~~~~~~~ 

o lData Inl 
VIH-

VIL - _~~~....w~~~'..,)I~ __ "';"';;""_-:;I'r'l....w_...K...K...K...K.....K....K....K..~~~~l4,;~ 

1+--------tDHRI--------~ 

VOH-
Q lDataOuli VOL_------------------HighZ:------------------

2-46 



MCM6633A 

PAGE MODE READ CYCLE 

~----------------------tRAS----------------------------~ 

VIH
Addresses 

VIL-

VOH-
o IData Outl -------

VOL -

VIH
Addresses 

VIL -

PAGE MODE WRITE CYCLE 

VIH

VIL-~~~~~~~F---~~~~~~~~--~~~~~f-~~~----~~~~~~~ 

VIH-~~~~ j,;:..;...:......:...;~;;.;.;...;.."L 
o IData Inl 

VI L - "-"'-..... ., 1"-------...... '1"" 

2-47 



MCM6633A 

Addresses. VIH 

AO-A6 VIL 

'RAS 
VIH-

VIL -

CAs VIH-
VIL-

Addresses 
VIH-
VIL -

iN 
VIH-

VIL-

RAS-ONL Y REFRESH CYCLE 
(Data-in andWriie are Don't Care, CAS is HIGH) 

~----------------tRC----------------~ 

~--------tRAS;---------~ 

ROWAddre~XXXXXXXXXXX= 

READ-WRITE/REAO-MODIFY-WRITE CYCLE 

~---------------------------tRwc--------------------70-----~ 

~---------------------.,.-tRAS---------------------~ .Jc---~lL 
~-------tAR--------l~~1 

~----~---------tRSH-----------~ 
tCSH 

tCAS 

~--------tCWD-------~ 

~tCAC 
QlOataoutJ~~~=~~::,,_ r.I~~:I;~ 

VIH~SV~: 
o lOataInl VIL-_ --.P~_ 
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TYPICAL CHARACTERISTICS 

FIGURE 2 - RAS ACCESS TIME versus SUPPLY VOLTAGE 
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FIGURE 4 - RAS ACCESS TIME versus 
AMBIENT TEMPERATURE 
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FIGURE 3 - CAS ACCESS TIME versus SUPPLY VOLTAGE 
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TYPICAL CHARACTERISTICS (continued) 

FIGURE B - ICCI SUPPLY CURRENT versus CYCLE RATE 
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TYPICAL CHARACTERISTICS (continuedl 
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FIGURE 14 - ICC2 STANDBY CURRENT 
versus AMBIENT TEMPERATURE 

Vee-S.S V --- I--- - r--

20 40 60 
TA, AMBIE'H TEMPERATURE lOCI 

r--

80 
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SOFT ERROR TESTING 

The storage cell depletion regions as well as the sense 
amplifier and its associated bit lines are susceptible to charge 
collection of electrons from an alpha "hit." However, the 
susceptibility of these vulnerable regions varies. Depleted 
storage cells are vulnerable at all times, whereas the sense 
amplifiers and associated bit lines are susceptible only during 
the small portion of the memory cycle just prior to sensing. 
Hence, an increase in the frequency of dynamiC RAM access 
will cause a corresponding increase in the soft error rate. 

To take this memory access dependency into account, the 
total soft error rate profile includes a cycle time component. 
The soft error rate due to bit line hits at the system's memory 
cycle rate is added to the soft error rate due to storage cell 
hilS which are not frequency dependent. Figure 18 illustrates 
the impact that frequency of access has on the 
MCM6664A/MCM6665A overall soft error rate. 

Under normal operating conditions, the die will be expos
ed to radiation levels of less than 0.01 alpha/cm2/hr. Ac
celerated soft error testing data is generated from at least 
three high-intensity sources having an Alpha Flux Density 
range of 1 x 105 to 6 x 105 lalpha/cm2hrl placed over un-
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FIGURE 15 - ICC3 SUPPLY CURRENT versus CYCLE RATE 
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coated die. Figure 19 shows the soft error rate for a given 
alpha flux density at a cycle rate of 100 kHz. The accelerated 
data of Figures 18 and 19 project that the soft error rate for 
package level radiation will be less than 0.1 % 11000 hours. 

SYSTEM LIFE OPERATING TEST CONDITIONS 

11 Cycle time: 1 microsecond for read, write and refresh 
cycles 

21 Refresh Rate: 1 millisecond 

3) Voltage: 5.0 V 

41 Temperature: 30° C ± 2° C lambient temperature inside 
enclosure) 

51 Elevation: Approximately 620 feet above mean sea level 

6) Data Patterns: Write the entire memory space sequential
ly with all "1"s and then perform continuous sequential 
reads for 6 hours. Next, write the entire memory space 
with all "O"s sequentially and then perform continuous 
sequential reads for 6 hours. Next, go back to the all "l"s 
pattern and repeat the sequences all over again. 
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FIGURE 18 - ACCELERATED SOFT ERROR 
versus CYCLE TIME 

FIGURE 19 - SOFT ERROR RATE versus 
ALPHA FLUX DENSITY 
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FIGURE 20 - RAS/CAS CYCLE 
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ICC 
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FIGURE 21 - LONG RAS/CAS CYCLE 
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FIGURE 23 - PAGE MODE CYCLE 

50 FlS/ Div Time (ns) 

106 

5 
V 

o 

5 
V 

o > u 
C! [D. 
"'<"< 

80 II II u« 
,;;'>-

60 
mA 

40 

20 

o 

5 
V 

o 

V· 

o ~ 2! 
<ri"' 

801I~ 
ij« 

60>>
mA 

40 

20 



t;-l 
~ 

FIGURE 24 - FUNCTIONAL BLOCK DIAGRAM 
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DEVICE INITIALIZATION 

Since the 32K dynamic RAM is a single supply 5 V only 
device, the need for power supply sequencing is no longer 
required as was the case in older generation dynamic RAMs. 
On power-up an initial pause of 100 microseconds is required 
for the internal substrate generator pump to establish the 
correct bias voltage. This is to be followed by a minimum of 
eight active cycles of the row address strobe (c(ockl to 
initialize the various dynamic nodes internal to the device. 
During an extended inactive state of the device I greater than 
2 ms with device powered upl the wake up sequence 18 
active cyclesl will be necessary to assure proper device 
operation. See Figures 25 and 26 for power on 
characteristics of the RAM for two conditions (clocks active, 
clocks inactivel. 

The row address strobe is the primary "clock" that 
activates the device and maintains the data when the RAM is 
in the standby mode. This is the main feature that distin
quishes it as a dynamic RAM as opposed to a static RAM. A 
dynamic RAM is placed in a low power standby mode when 
the device receives a positive-going row address strobe. The 
variation in the power dissipation of a dynamic RAM from 
the active to the standby state is an order of magnitude or 
more for NMOS devices. This feature is used to its fullest ad
vantage with high density mainframe memory systems, 
where only a very small percentage of the devices are in the 
active mode at anyone time and the rest of the devices are in 
the standby mode. Thus, large memory systems can be 
assembled that dissipate very low power per bit compared to 
a system where all devices are active continuously. 

ADDRESSING THE RAM 

The eight address pins on the device are time multiplexed 
with two separate 8-bit address fields that are strobed at the 
beginning of the memory cycle by two clocks (active 

negativel called the row address strobe and the column 
address strobe. A total of fifteen address bits will decode one 
of the 32,768 cell locations in the device. The column 
address strobe follows the row address strobe by a specified 
minimum and maximum time called "tRCD," which is the 
row to column strobe delay. This time interval is also referred 
to as the multiplex window which gives flexibility to a system 
designer to set up his external addresses into the RAM. 
These conditions have to be met for normal read or write 
cycles. This initial portion of the cycle accomplishes the nor
mal addressing of the device. There are, however, two other 
variations in addressing the 32K RAM, one is called the page 
mode cycle (described laterl where an 8-bit column address 
field is presented on the input pins and latched by the CAS 
clock; and the other is the RAS only refresh cycle Idescribed 
later! where a 7-bit row address field is presented on the in
put pins and latched by the RAS clock. In the latter case, the 
most significant bit on Row Address A7 Ipin 91 is not re
quired for refresh. See bit address map for the topology of 
the cells and their address selection. 

NORMAL READ CYCLE 

A read cycle is referred to as normal read cycle to- differen
tiate it from a page-made-read cycle, a read-while-write 
cycle, and read-modify-write cycle which are covered in a 
later section. 

The memory read cycle begins with the row addresses 
valid and the RAS clock transitioning from VIH to the VIL 
level. The CAS clock must also make a transition from VIH to 
the VIL level at the specified tReD timing limits when the 
column addresses are latched. Both the RAS and CAS 
clocks trigger a sequence of events which are controlled by 
several delayed internal clocks. Also, these clocks are linked 
in such a manner that the access time of the device is in
dependent of the address multiplex window. The only 
stipulation is that the CAS clock must be active before or at 

CURRENT WAVEFORMS 
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the tRCD maximum specification for an access (data validl 
from the RAS clock edge to be guaranteed ItRACI. If the 
tRCD maximum condition is not met, the access (tCAcl 
from the CAS clock active transition will determine read ac
cess time. The external CAS signal is ignored until an inter
nal RAS signal is available, as noted in the functional block 
diagram, Figure 24. This gating feature on the CAS clock will 
allow the external CAS signal to become active as soon as 
the row address hold time ItRAHI specification has been met 
and defines the tRCD minimum specification. The time dif
ference between tRCD minimum and tRCD maximum can be 
used to absorb skew delays in switching the address bus 
from row to column addresses and in generating the CAS 
clock. 

Once the clocks have become active, they must stay active 
for the minimum (tRASI period for the RAS clock and the 
minimum (tCASI period for the CAS clock. The RAS clock 
must stay inactive for the minimum (tRpl time. The former is 
for the completion of the cycle in progress, and the latter is 
for the device internal circuitry to be precharged for the next 
active cycle. 

Data out is not latched and is valid as long as the CAS 
clock is active; the output will switch to the three-state mode 
when the CAS clock goes inactive. The CAS clock can re
main active for a maximum of 10 ns ItCRPI into the next 
cycle. To perform a read cycle, the write IWI input must be 
held at the VIH level from the time the CAS clock makes its 
active transition (tRCSI to the time when it transitions into 
the inactive (tRCHI mode. 

WRITE CYCLE 
A write cycle is similar to a read cycle except that the Write 

IWI clock must go active (VIL levell at or before the CAS 
clock goes active at a minimum twcs time. If the above 
condition is met, then the cycle in progress is referred to as a 
early write cycle. In an early write cycle, the write clock and 
the data in is referenced to the active transition of the CAS 
clock edge. There are two important parameters with respect 
to the write cycle: the column strobe to write lead time 
(tCWLI and the row strobe to write lead time (tRwLI. These 
define the minimum time that RAS and CAS clocks need to 
be active after the write operation has started ((WI clock at 
VIL levell. 

It is also possible to perform a late write cycle. For this 
cycle the write clock is activated after the CAS goes low 
which is beyond twcs minimum time. Thus the parameters 
tCWL and tRWL must be satisfied before terminating this 
cycle. The difference between an early write cycle and a late 
write cycle is that in a late write cycle the write (WI clock can 
occur much later in time with respect to the active transition 
of the CAS clock. This time could be as long as 10 
microseconds - [tRWL + tRP + 2Ttl. 

At the start of a write cycle, the data out is in a three-state 
condition and remains inactive throughout the cycle. The 
data out remains three-state because of the active transition 
of the write IWI clock prevents the CAS clock from enabling 
the data-out buffers as noted in Functional Block Diagram. 
The three-state condition (high impedencel of the Data Out 
Pin during a write cycle can be effectively utilized in a 
systems that has a common inputloutput bus. The only 
stipulation is that the system use only early write mode 
operations for all write cycles to avoid bus contention. 
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READ-MODIFY-WRITE AND READ-WHILE-WRITE CYLES 
As the name Implies, both a read and a write cycle IS ac

complished at a selected bit dUring a single access. The read
modify-write cycle IS similar to the late write cycle discussed 
above. 

For the read-modify-write cycle a normal read cycle IS In
itiated with the write IWI clock at the VIH level until the read 
data occurs at the deVice access time ItRACI. At this time 
the write IWI clock is asserted. The data in is setup and held 
with respect to the active edge of the write clock. The cycle 
described assumes a zero modify time between read and 
write. 

Another variation of the read-modify-write cycle is the 
read-while-write cycle. For this cycle, the following 
parameters ItRWD, tCWDI play an important role. A read
while-write cycle starts as a normal read cycle with the write 
(WI clock being asserted at minimum tRWD or minimum 
tCWD time, depending upon the application. This results in 
starting a write operation to the selected cell even before 
data out occurs. The minimum specification on tRWD and 
tCWD assure that data out does occur. In this case, the data 
in is set up with respect to write IWI clock active edge. 

PAGE,MODE CYCLES 
Page mode operation allows faster successive data opera

tions at the 128 column locations. Page access (tCACI is 
typically half the regular RAS clock access (tRACI on the 
Motorola 64K dynamic RAM. Page mode operation consists 
of holding the RAS clock active while cycling the CAS clock 
to access the column locations determined by the 8-bit 
column address field. There are two controlling factors that 
limit the access to all 128 column locations in one RAS clock 
active operation. These are the refresh interval of the device 
(2 ms1128= 15.6 microsecondsl and the maximum active 
time specification for the RAS clock (10 microsecondsl. 
Since 10 microseconds is the smaller value, the maximum 
specification of the RAS clock on time is the limiting factor 
of the number of sequential page accesses possible. Ten 
microseconds will provide approximately 50 successive page 
accesses (10 microseconds + page mode cycle timel for 
each row address selected before the RAS clock is reset. 

The page cycle is always initiated with a row address being 
provided and latched by the RAS clock, followed by the 
column address and CAS clock. From the timing illustrated, 
the initial cycle is a normal read or write cycle, that has been 
previously described, followed by the shorter CAS cycles 
(tpCI. The CAS cycle time (tpcl consists of the CAS clock 
active time (tCASI, and CAS clock precharge time (tcpl and 
two transitions. In addition to read and write cycles, a read
modify-write cycle can also be performed in a page mode 
operation. For a read-modify-write or read-while-write type 
cycle, the conditions normal to that mode of operation will 
apply in the page mode also. The page mode cycle illustrated 
show a series of sequential reads separated by a series of se
quential writes. This is just one mode of operation. In prac
tice, any combination of read, write and read-modify-write 
cycles can be performed to suit a particular application. 

REFRESH CYCLES 
The dynamic RAM design is based on capacitor charge 

storage for each bit in the array. This charge will tend to 
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degrade with time and temperature. Therefore, to retain the 
correct information, the bits need to be refreshed at least 
once every 2 ms. This is accomplished by sequentially 
cycling through the 128 row address locations every 2 ms, or 
at least one row every 15.6 microseconds. A normal read or 
write operation to the RAM will serve to refresh all the bits 
(256) associated with that particular row decoded. 

RAS Only Refresh - When the memory component is in 
standby the Ri'iS only refresh scheme is employed. This 
refresh method performs a RAS only cycle on all 128 row 
addresses every 2 ms. The row addresses are latched in with 
the RAS clock, and the associated internal row locations are 
refreshed. As the heading implies, the CAS clock is not re
quired and should be inactive or at a VIH level to conserve 
power. 

PIN ASSIGNMENT COMPARISON 

MCM4S17 MCM6632A 

VSS VSS N/C I. 16 VSS REFRESH 1. 16 VSS 

0 CAS 0 CAS 0 1S CAS 

W a W a W 14 a 
A6 RAS 4 A6 RAS 13 A6 

AO A3 AO A3 AO 12 A3 

A2 A4 A2 A4 A2 " A4 

A1 AS A1 AS A1 10 A5 

VDD VCC VCC N/C VCC 9 A7 

MCM6633A MCM6664A MCM6665A 

N/C 1. VSS REFRESH 1. 16 VSS N/C 1. 16 VSS 

D CAS D 15 CAS D 15 CAS 

W Q W 14 a Vi 14 Q 

RAS A6 RAS 4 13 A6 RAS 4 13 A6 

AO A3 AO 12 A3 AO 12 A3 

A2 A4 A2 " A4 A2 11 A4 

A1 10 A5 A1 10 AS A1 10 A5 

VCC 8 A7 VCC 9 A7 VCC A7 

PIN VARIATIONS 

PIN NUMBER MCM4116 MCM4517 MCM6632A MCM6663A MCM6664A MCM6665A 

1 VSSI-5VI N/C REFRESH 

8 VDDI + 12 VI VCC VCC 

9 VCCI+5 VI N/C A7 

ORDERING INFORMATION 

Part Number Description 

MCM6633AL15 32K Dynamic 

MCM66330AL 15 Random Access 

MCM66331 AL15 Memory 

MCM6633AL20 Sidebraze 

MCM66330AL20 Package "L" 

MCM66331AL20 

" MCM6633A= Tie A7 CAS IA15J Low "0" 
MCM66331A=Tie A7 CAS IA15J High "1" 

Speed 

150 

150 

150 

200 

200 

200 
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N/C REFRESH N/C 

VCC VCC VCC 

A7 A7 A7 

Marki!!9.* 

MCM66330A 15/MCM66331AL 15 

MCM66330AL 15 

MCM66331AL15 

MCM66330AL201 MCM66331 AL20 

MCM66330AL20 

MCM66331AL20 
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I 

MCM6665A BIT ADDRESS MAP 

Row Address A7 A6 A5 A4 A3 A2 A 1 AO 
Column Address A7 A6 A5 A4 A3 A2 A1 AD 

Row 

Pm 8 

0 
Hox Doc 
FE 254 
fF 256 
Fe 252 
FD 253 
FA 250 
FB 251 
FB 248 
F9 249 

Column Addr .... 

A7 A6 A3 A4 AS A2 All AI 
I I 0 

~r---------------------------t---------------------------~~~~~~~~~~~~~~ 

~ 
8 

§ ¥:Ii:g Me NN 

~ ~o
~ li!--

:?-
:i!--

~D ~~-

W~ 
~ ~ 
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42 66 
43 67 
40 64 
41 65 

3F 63 

3' 62 

~~o8 
3D 61 

5555 

04 

§§U 
03 
02 
01 
00 

~8b~3g808 

000000000 

000000000 

Data Stored = Din" AOX" AlY 

Column 
Addresa 

Al 

o 
o 

Row 
AddreIa 

AO 

o 
1 

o 

Delli 
Stored 

True 

Invened 
Invened 

True 



® MOTOROLA 

Advance InforIllation 

64K-BIT DYNAMIC RAM 

The MCM6664A is a 66,536 bit, high-speed, dynamic Random
Access Memory. Organized as 66,536 one-bit words and fabricated us
ing HMOS high-performance N-channel silicon-gate technology, this 
new breed of 5-volt only dynamic RAM combines high performance 
with low cost and improved reliability. 

By multiplexing,row- and column-address inputs, the MCM6664A re
quires only eight address lines and permits packaging in standard 16-pin 
dual-in-line packages. Complete address decoding is done on chip with 
address latches incorporated. Data out is controlled by CAS allowing 
for greater system flexibility. 

All inputs and outputs, including clocks, are fully TTL compatible. 
The MCM6664A incorporates a one-transistor cell design and dynamic 
storage techniques. In addition to the RAS-only refresh mode, the 
refresh control function available on pin 1 provides two additional 
modes of refresh, automatic and self refresh. 

• Organized as 66,536 Words of 1 Bit 
• Single 5 Volt Operation (± 10%) 
• Maximum Access Time: MCM6664A-12= 120 ns 

MCM6664A-15= 150 ns 
MCM6664A-20=200 ns 

• Low Power Dissipation 
302.5 mW Maximum (Active) (MCM6664A-15) 
22 mW Maximum (Standby) 

• Three-State Data Output 
• Early-Write Common 1/0 Capability 
• 16K Compatible 128-Cycle, 2 ms Refresh 
• Control on Pin 1 for Automatic or Self Refresh 

• RAS-only Refresh Mode 
• CAS Controlled Output 
• Fast Page Mode Cycle Time 
• Low Soft Error Rate < 0.1 % per 1000 Hours 

(See Soft Error Testing) 

Precharge 
Clock 

n~ t--;;;-
AO - Q; 

Memory 
Array 

BLOCK DIAGRAM 

Q; 
u 
o 

Memory 
Array 

1i\ 1-------; g 
il 
o Al-11 

:; Row Decoder 
::;; ~ 

o 
u 

Row Decoder 

_VCC 
r--' -VSS 

~ 
~ r-- RAS 

~ ~ CAS CD -
0: 

A3-11 

A4 .... 

f" 
~ 
c: 

" o 

Memory 
Array 

Memory 
Array f4+ ~ ... Write, W 

1====F=f===C.:.I 
A5+ 

A6 .... 

u 
";::: 
.2! 
"'5 
CD 

i 
u 

A7 .... ~ 
Clock 

Memory 
Array 

Row Decoder 

Memory 
Array 

Q; 
u 
o 

" ., 
o 
E 
" a 
u 

Memory 
Array 

Row Decoder 

Memory 
Array 

J- ~ i+ 1iITRESff 

~ ~ Data In, 0 
c: 
E f-. Output 
;:: Data, Q 

g 

This document contains information on a new product. Specifications and information herein 
are subject to change without notice 
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MCM6664A 

MOS 
IN-CHANNEL, SILICON-GATEI 

65,536-BIT 
DYNAMIC RANDOM ACCESS 

MEMORY 

-1 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

,~ L SUFFIX 
CERAMIC PACKAGE 

CASE 690 1 

PIN ASSIGNMENT 

*REFRESH 1. 16 VSS 

0 2 15 CAS 

W 3 14 Q 

RAS 4 13 A6 

AO 12 A3 

A2 11 A4 

Al 7 10 A5 

Vce 8 A7 

* If pin is not used. it should be connected to 
VCC through a 10 k resistor. 

PIN NAMES 

REFRESH. 
AO-A7. 

. Refresh 
. .... Address Input 

. ... Data In 
...... Data Out 

.. Read/Write Input 
........... Row '1ddress Strobe 

D. 
Q 

W. 
RAS. 
eAS. 

Vee 
VSS 

. Column Address Strobe 
........ Power ( + 5 VI 

. Ground 

This device contains circuitry to pro
teet the inputs against damage due to 
high static voltages or electric fields; 
however, it is advised that normal 
precautions be taken to avoid applica
tion of any voltage higher than max
imum rated voltages to this high
impedance circuit. 

ADI-875R 1 /3-82 



MCM6664A 

ABSOLUTE MAXIMUM RATINGS (See Notel 

Rating Symbol 

Voltage on Any Pin Relative to VSS 
(except V CCI Vin, Vout 

Voltage on VCC Supply Relative to VSS VCC 
Operating Temperature Range TA 

Storage Temperature Range 

Value 

-2 to + 7 

-1 to +7 

o to + 70 

-65 to + 150 

Unit 

V 

V 

°c 

°c 

FIGURE 1 - OUTPUT LOAD 

5V 

9700 

Tstg 
Power Dissipation PD 1.0 W 1oopF" 12 kO 

Data Out Current (Shan Circuitl lout 50 rnA 

NOTE: Permanent device damage may occur If ABSOLUTE MAXIMUM RATINGS are ex
ceeded. Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods 
of time could affect device reliability. "Includes Jig Capacitance 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.! 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min 
Supply Voltage MCM6664A-12, -15, -20 VCC 4.5 

VSS 0 

Logic 1 Voltage, All Inputs VIH 2.4 

Logic 0 VOltage, All Inputs VIL -1.0 

DC CHARACTERISTICS 

Characteristic Symbol 

VCC Power Supply Current (Standbyl ICC2 
VccPower Supply Current 

6664A-12, tRC=25O ns 
6664A-15, tRC=270 ns ICC1 
6664A-20, tRC=33O ns 

VCC Power Supply Current During ~ only Refresh Cycles 
6664A-12, tRC=25O ns 
6664A-15, tRC= 270 ns ICC3 
6664A-20, tRC= 330 ns 

VCC Power Supply Current During Page Mode Cycle for tRAS -10 "sec 
6664A-12, tPC= tRP= 120 ns 
6664A-15,tpC=tRP=145 ns ICC4 
6664A-20, tPC= tRP=2oo ns 

Input Leakage Current (VSSsVinsVCCI (Any Input Except REF'RESFiJ IIiLi 
REFRESH Input Current (VSSSVinSVCCI IF 
Output Leakage Current (E1iS" at logic I, VSSsVoutsVCCI 10(U 
Output Logic 1 Voltage @ lout- -4 rnA VOH 
Output Logic 0 Voltage @ lout = 4 rnA VOL 

CAPACITANCE (1= 1.0 MHz, T A = 25°C, VCC= 5 V Periodically Sampled Rather Than 100% Testedl 

Typ Max 
5.0 5.5 

0 0 

VCC+1 
- 0.8 

Min Max 

- 4.0 

- 60 
- 55 
- 45 

- 50 
- 45 
- 35 

- 45 
- 40 
- 35 

10 

- 20 

- 10 

2.4 -
- 0.4 

Parameter Symbol Typ Max 

Input Capacitance (AO-A7I, D Cil 3 5 

Input Capacitance RAS, CAS, WRITE, REFRESH CI2 6 8 

Output Capacitance (01, (CAS=VIH to disable outputl Co 5 7 

NOTES: 
1. All voltages referenced to V S S. 

Unit Notes 
V 1 

V 1 

V 1 

V 1,19 

Units Notes 

rnA 5 

rnA 4 

rnA 4 

rnA 4 

"A 

"A -
"A -
V -
V -

Unit Notes 

pF 7 

pF 7 

pF 7 

2. VIH min and VIL max are reference levels for measuring timing of input Signals. Transition times are measured between VIH and VIL. 
3. An initial pause of 100 "S is required after power-up followed by any 8 RAS cycles before proper device operation guaranteed. 
4. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
5. Output is disabled (open-circuit! and RAS and CAS are both at a (ogic 1. 
6. The transition time specification applies for all inputs signals. In addition to meeting the transition rate specification, all input signals must 

transmit between VIH and VIL (or between VIL and VIHI in a monotonic manner. 
7. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C= 1t:.t/bN 
8. The specifications for tRC (mini, and tRWC (mini are used only to indicate cycle time at which proper operation over the full temperature 

range (OOCSTAs70oCI is assured. 
9. AC measurements tT= 5.0 ns. 

10. Assumes that tRCD s tRCD (MaxI. 
11. Assumes that tRCD" tRCD (Maxi 
12. Measured with a current load equivalent t02 TTL (-200 "A, +4 mAl (oads and 100 pF with the data output trip paints set at VOH=2.0 V 

and VOL = 0.8 V. 
13. Operation within the tRCD (maxi limit ensures that tRAC (maxi can be met. tRCD (maxi is specified as a reference point only; if tRCD is 

greater than the specified tRCDlmaxl limit, then access time is controlled exclusively by tCAC. 

2-59 



MCM6664A 

AC OPERATING CONDITIONS AND CHARACTERISTICS IRead, Write, and Read-Modify-Wnte Cycles) 
IFul1 Operating Voltage and Temperature Range Unless Otherwise Noted. See Notes 2, 3, 6, and Figure 11 

6664A-12 6664A-15 6664A-20 
Parameter Symbol Min Max Min Max Min Max Units 

Random Read or Write Cycle Time tRC 250 - 270 - 330 - ns 

Read Write Cycle Time tRWC 255 - 280 - 345 - ns 

Access Time from Row Address Strobe tRAC - 120 - 150 - 200 ns 

Access Time from Column Address Strobe tCAC - 60 - 75 - 100 ns 

Output Bulfer and Turn-Off Delay tOFF 0 30 0 30 0 40 ns 

Row Address Strobe Precharge Time tRP 100 - 100 - 120 - ns 

Row Address Strobe Pulse Width tRAS 120 10000 150 10000 200 10000 ns 

Column Address Strobe Pulse Width tCAS 60 10000 75 10000 100 10000 ns 

Row to Column Strobe Lead Time tRCD 20 60 25 75 30 100 ns 

Row Address Setup Time tASR 0 - 0 0 ns 

Row Address Hold Ti(T1e tRAH 15 - 20 - 25 - ns 

Column Address Setup Time tASC 0 - 0 - 0 - ns 

Column Address Hold Time tCAH 25 - 35 - 45 - ns 

Column Address Hold Time Referenced to RAS tAR 85 - 95 - 120 - ns 

Transition Time IRise and Fain tT 3 50 3 50 3 50 ns 

Read Command Setup Time tRCS 0 - 0 - 0 - ns 

Read Command Hold Time tRCH 0 - 0 - 0 - ns 

Read Command Hold Time Referenced to RAS tRRH 0 - 0 - 0 - ns 

Write Command Hold Time tWCH 25 - 35 - 45 - ns 

Write Command Hold Time Referenced to RAS tWCR 85 - 95 - 120 - ns 

Write Command Pulse Width twp 25 - 35 - 45 - ns 

Write Command to Row Strobe Lead Time tRWI 40 - 45 - 55 - ns 

Write Command to Column Strobe Lead Time tCWL 40 - 45 - 55 - ns 

Data in Setup Time tDS 0 - 0 - 0 - ns 

Data in Hold Time tDH 25 - 35 - 45 - ns 

Data in Hold Time Referenced to RAS tDHR 85 - 95 - 120 - ns 

Column to Row Strobe Precharge Time tCRP -10 - -10 - -10 - ns 

RAS Hold Time tRSH 60 - 75 - 100 - ns 

Refresh Period tRFSH - 2.0 - 2.0 - 2.0 ms 

WRITE Command Setup Time twcs -10 - -10 - -10 - ns 

CAS to WRITE Delay leWD 40 - 45 - 55 - ns 

RAS to WRITE Delay tRWD 100 - 120 - 155 - ns 

CAS Hold Time tCSH 120 - 150 - 200 - ns 

CAS Precharge Time (Page Mode Cycle Onlyl tcp 50 - 60 - 80 - ns 

Page Mode Cycle Time tpc 120 - 145 - 200 - ns 

RAS to REFRESH Delay tRFD -10 - -10 - -10 - ns 

REFRESH Period IBattery Backup Model tFBP 2000 - 2000 - 2000 - ns 

REFRESH to RAS Precharge Time (Battery Backup Mode) tFBR 290 320 400 ns 

REFRESH Cycle Time (Auto Pulse Model tFC 250 - 270 - 330 - ns 

REFRESH Pulse Period (Auto Period Model tFP 60 2000 60 2000 60 2000 ns 

REFRESH to RAS Setup Time (Auto Pulse Model tFSR -30 - -30 - -30 - ns 

REFRESH to RAS Delay Time (Auto Pulse Model tFRD 290 - 320 - 400 - ns 

REFRESH Inactive Time tFI 60 - 60 - 60 - ns 

RAS to REFRESH Lead Time tFRL 350 - 370 - 450 - ns 

RAS Inactive Time During REl'i'fESFf tFRI 350 - 370 - 450 - ns 

14. Either tRRH or tRCH must be satisfied for a read cycle. 

Notes 

8,9 

8,9 

10, 12 

11, 12 

18 

-
-

-

13 

-

-

-

17 

6 

-

14 

14 

-

17 

-

-
-

15 

15 

17 

-
-

-

16 

16 

16 

-

-

-

-

-

-

--

-

-

-

-

15. These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read-modify
write cycles. 

16. twcS. tewD and tRWD 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 tCWDootCWD (mini and tRWDootRWD (mini, the cycle is read-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. 

17. Addresses, data-in and WRITE are don't care. Data-out depends on the state of CAS. If CAS remains low, the previous output will remain 
valid. CAS is allowed to make an active to inactive transition during the pin #1 refresh cycle. When CAS is brought high, the output will 
assume a high-impedance state. 

18. toft (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
19. The device will withstand undershoots to the - 2 volt level with a maximum pulse width of 20 ns at the -1.5 volt level. This is periodically 

sampled rather than 100% tested. 
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MCM6664A 

READ CYCLE TIMING 

~-----------------------tRC------------------------~ 

..----------------tRAS-----------------~ 

RAS 
VIH-

VIL-

VIH-
CAS 

VIL -

VIH-
Addresses 

VIL -

Vi 
VIH-

VIL_ 

VOH_ 
o lData Out! 

VOL_ 
High Z 

WRITE CYCLE TIMING 

~---------------------tRC------------~--------~~ 

VIH _ ----~ i-E-----------------tRAS------------+i ir-----,' 
VIL -

VIH-
VIL -

Addresses 
VIH -

VIL -

VIH-TN 
VIL-

o lData Inl 
VIH-

VIL -

tDHR 

VOH-
o lData Out} 

VOL-
High Z 
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PAGE MODE READ CYCLE 

~------------------------tRAS------------------------------~ 

VIH-
RAS 

VIL-

VIH-
CAS 

VIL-

VIH-
Addresses 

VIL-

VOH-
Q IData Out) 

VOL-

VIH
Addresses 

VIL -

H,Z 

PAGE MODE WRITE CYCLE 

VIH

VIL-~~~~~~rf~--~~~~~~f---~~~~~~~~~--~~~~~~~~ 

VIH-.......... -..I ...... - ~~~.;;.....;;.;.~L 
o lData Inl 

VI L - ........... """i- 1'=---"";;';=--...:lf" 
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RAS 
VIH-

VIL-

CAS 
VIH-
VIL-

VIH
Addresses VIL-

RAS-ONLY REFRESH CYCLE 
!Data-in and WRITE are Don't Care, CAS is HIGH I 

)<If---------tRC--------~ 

~----tRAS-----~ 

ROWAddre~ 

READ-WRITE/READ-MODIFY-WRITE CYCLE 

~-------------tRWC---------~.---~~ 

1«-----------c-·tRAS----------~_i ir---"\I 
~----tAR------~~~1 

~---t------tRSH 
tCSH 

tCAS 

)4t--------tcwo----------.! 

Vi VIH

V I L - ""-"'-''-'''f''--''-'''-''-'' 

I.------ tCAC 

Q VOH"" High Z Valid 

lDataoutIVOL-~~tRAC 'I~oata 
tos~ tOH 

o VIH VafuJ 
(Data Inl VtL-Data 
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MCM6664A 

SELF REFRESH MODE (Battery Backup)· 

RAS 
VIH-

VIL -

imAESH 
VIH-

VIL -

AUTOMATIC PULSE REFRESH CYCLE - SINGLE PULSE· 

tFRI 

RAS 
VIH-

VIL - W tFRD ~ - ~r-tRFD - f- tFSR 

~ 
VIH-

VIL -

---- tFP 

\ J 

AUTOMATIC PULSE REFRESH CYCLE - MULTIPLE PULSE· 

~----tFRL------'~ ~---tFRD----4o.1 

1+--*-tFSR 

• Addresses, data-in and WRITE are don't care, CAS is high. 
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TYPICAL CHARACTERISTICS 

FIGURE 2 - RAS ACCESS TIME versus SUPPLY VOLTAGE 
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FIGURE 4 - RAS ACCESS TIME versus 
AMBIENT TEMPERATURE 
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FIGURE 6 - RAS, W INPUT LEVEL versus SUPPLY VOLTAGE 
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FIGURE 3 - CAS ACCESS TIME versus SUPPLY VOLTAGE 
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FIGURE 5 - CAS ACCESS TIME versus 
AMBIENT TEMPERATURE 
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FIGURE 7 - CAS, W INPUT LEVEL versus SUPPLY VOLTAGE 
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MCM6664A 

TYPICAL CHARACTERISTICS (continued) 

FIGURE 8 - ICCI SUPPLY CURRENT versus CYCLE RATE 
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FIGURE 10 - ICCI SUPPLY CURRENT 
versus SUPPLY VOLTAGE 
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FfGURE 12 - fCCI SUPPLY CURRENT 
versus AMBIENT TEMPERATURE fmln RASI 
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FIGURE 9 - ICCI SUPPLY CURRENT 
versus SUPPLY VOLTAGE 
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FIGURE 11 - ICCI SUPPLY CURRENT 
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TYPICAL CHARACTERISTICS (continued) 

3 

2 

1 

0 

FIGURE 14 - ICC2 STANDBY CURRENT 
versus AMBIENT TEMPERATURE 
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FIGURE 16 - ADDRESS INPUT LEVEL versus SUPPLY VOLTAGE 
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SOFT ERROR TESTING 
The storage cell depletion regions as well as the sense 

amplifier and its associated bit lines are susceptible to charge 
collection of electrons from an alpha "hit." However. the 
susceptibility of these vulnerable regions varies. Depleted 
storage cells are vulnerable at all times, whereas the sense 
amplifiers and associated bit lines are susceptible only during 
the small portion of the memory cycle just prior to sensing. 
Hence, an increase in the frequency of dynamic RAM access 
will cause a corresponding increase in the soft error rate. 

To take this memory access dependency into account, the 
total soft error rate profile includes a cycle time component. 
The soft error rate due to bit line hits at the system's memory 
cycle rate is added to the soft error rate due to storage cell 
hits which are not frequency dependent. Figure 19 illustrates 
the impact that frequency of access has on the 
MCM66Q4A/MCM6665A overall soft error rate. 

Under normal operating conditions, the die will be expos
ed to radiation levels of less than 0.01 alpha/cm2/hr. Ac
celerated soft error testing data is generated from at least 
three high-intensity sources having an Alpha Flux Density 
range of 1 x 105 to 6 x 105 lalpha/cm2hrl placed ever un-
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FIGURE 15 - ICC3 SUPPLY CURRENT versus CYCLE RATE 
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FIGURE 17 - DATA INPUT LEVEL versus SUPPLY VOLTAGE 
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coated die. Figure 19 shows the soft error rate for a given 
alpha flux density at a cycle rate of 100 kHz. The accelerated 
data of Figures 18 and 19 project that the soft error rate for 
package level radiation will be less than 0.1%/1000 hours. 

SYSTEM LIFE OPERATING TEST CONDITIONS 

1) Cycle time: 1 microsecond for read, write and refresh 
cycles 

2) Refresh Rate: 1 millisecond 
3) Voltage: 5.0 V 
4) Temperature: 30° C ± 2° C (ambient temperature inside 

enclosure) 

5) Elevation: Approximately 620 feet above mean sea level 
6) Data Patterns: Write the entire memory space sequential

ly with all "1"s and then perform continuous sequential 
reads for 6 hours. Next, write the entire memory space 
with all "O"s sequentially and then perform continuous 
sequential reads for 6 hours. Next, go back to the all "1"s 
pattern and repeat the sequences all over again. 
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FIGURE 18 - ACCELERATED SOFT ERROR 
versus CYCLE TIME 
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FIGURE 21 - LONG RAS/m CYCLE 
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DEVICE INITIALIZATION 

Since the 64K dynamic RAM is a single supply 5 V only 
device, the need for power supply sequencing is no longer 
required as was the case in older generation dynamic RAMs. 
On power-up an initial pause of 100 microseconds is required 
for the internal substrate generator pump to establish the 
correct bias voltage. This is to be followed by a minimum of 
eight active cycles of the row address strobe (clock) to 
initialize the various dynamic nodes internal to the device. 
During an extended inactive state of the device (greater than 
2 ms with device powered up) the wake up sequence (S 
active cycles) will be necessary to assure proper device 
operation. See Figures 25 and 26 for power on character
istics of the RAM for two conditions (clocks active, clocks 
inactive). 

The row address strobe is the primary "clock" that 
activates the device and maintains the data when the RAM is 
in the standby mode. This is the main feature that distin
quishes it as a dynamic RAM as opposed to a static RAM. A 
dynamic RAM is placed in a low power standby mode when 
the device receives a positive-going row address strobe. The 
variation in the power dissipation of a dynamic RAM from 
the active to the standby state is an order of magnitude or 
more for NMOS devices. This feature is used to its fullest ad
vantage with high density mainframe memory systems, 
where only a very small percentage of the devices are in the 
active mode at anyone time and the rest of the devices are in 
the standby mode. Thus, large memory systems can be 
assembled that dissipate very low power per bit compared to 
a system where .all devices are active continuously. 

ADDRESSING THE RAM 

The eight address pins on the device are time multiplexed 
with two separate S-bit address fields that are strobed at the 
beginning of the memory cycle by two clocks (active 

negative) called the row address strobe and the column 
address strobe. A total of sixteen address bits will decode 
one of the 65,536 cell locations in the device. The column 
address strobe follows the row address strobe by a specified 
minimum and maximum time called "tRCD:' which is the 
row to column strobe delay. This time interval is also referred 
to as the multiplex window which gives flexibility to a system 
designer to set up his external addresses into the RAM. 
These conditions have to be met for normal read or write 
cycles. This initial portion of the cycle accomplishes the nor
mal addressing of the device. There are, however, two other 
variations in addressing the 64K RAM, one is called the page 
mode cycle (described laterl where an S-bit column address 
field is presented on the input pins and latched by the CAS 
clock; and the other is the RAS only refresh cycle (described 
later) where a 7-bit row address field is presented on the in
put pins and latched by the RAS clock. In the latter case, the 
most significant bit on Row Address A7 (pin 9) is not re
quired for refresh. See bit address map for the topology of 
the cells and their address selection. 

NORMAL READ CYCLE 
A read cycle is referred to as normal read cycle to differen

tiate if from a page-made-read cycle, a read-while-write 
cycle, and read-modify-write cycle which are covered in a 
later section. 

The memory read cycle begins with the row addresses 
valid and the RAS clock transitioning from VIH to the VIL 
level. The CAS clock must also make a transition from VIH to 
the VIL level at the specified tRCD timing limits when the 
column addresses are latched. Soth the RAS and CAS 
clocks trigger a sequence of events which are controlled by 
several delayed internal clocks. Also, these clocks are linked 
in such a manner that the access time of the device is in
dependent of the address multiplex window. The only 
stipulation is that the -cAS clock must be active. before or at 

CURRENT WAVEFORMS 
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the tRCD maximum specification for an access (data valid) 
from the RAS clock edge to be guaranteed (tRAC!. If the 
tRCD maximum condition is not met, the access (tCAC) 
from the CAS clock active transition will determine read ac
cess time. The external CAS signal is ignored until an inter
nal RAS signal is available, as noted in the functional block 
diagram, Figure 24. This gating feature on the CAS clock will 
allow the external CAS signal to become active as soon as 
the row address hold time (tRAH) specification has been met 
and defines the tRCD minimum specification. The time dif
ference between tRCD minimum and tRCD maximum can be 
used to absorb skew delays in switching the address bus 
from row to column addresses and in generating the CAS 
clock. 

Once the clocks have become active, they must stay active 
for the minimum (tRAS) period for the RAS clock and the 
minimum (tCAS) period for the CAS clock. The RAS clock 
must stay inactive for the minimum (tRP) time. The former is 
for the completion of the cycle in progress, and the latter is 
for the device internal circuitry to be precharged for the next 
active cycle. 

Data out is not latched and is valid as long as the <;AS" 
clock is active; the output will switch to the three-state mode 
when the CAS clock goes inactive. The CAS clock can re
main active for a maximum of 10 ns (tCRP) into the next 
cycle. To perform a read cycle, the write (WJ input must be 
held at the VIH level from the time the C!5:S clock makes its 
active transition (tRCS) to the time when it transitions into 
the inactive (tRCH) mode. 

WRITE CYCLE 
A write cycle is similar to a read cycle except that the Write 

(W) clock must go active (VIL levell at or before the CAS 
clock goes active at a minimum twcs time. If the above 
condition is met, then the cycle in progress is referred to as a 
early write cycle. I n an early write cycle, the write clock and 
the data in is referenced to the active transition of the CAS 
clock edge. There are two important parameters with respect 
to the write cycle: the c:olumn strobe to write lead time 
(tCWL) and the row strobe to write lead time (tRWL). These 
define the minimum time that RAS and CAS clocks need to 
be active after the write operation has started ((W) clock at 
VIL levell. 

It is also possible to perform a late write cycle. For this 
cycle the write clock is activated after the CAS goes low 
which is beyond twcs minimum time. Thus the parameters 
tCWL and tRWL must be satisfied before terminating this 
cycle. The difference between an early write cycle and a late 
write cycle is that in Ii late write cycle the write (W) clock can 
occur much later in time with respect to the active transition 
of the CAS clock. This time could be as long as 10 
microseconds - [tRWL + tRP + 2Ttl. 

At the start of a write cycle, the data out is in a three-state 
condition and remains inactive throughout the cycle. The 
data out remains three-state because of the active transition 
of the write (W) clock prevents the CAS clock from enabling 
the data-out buffers as noted in Functional Block Diagram. 
The three-state condition (high impedence) of the Data Out 
Pin during a write cycle can be effectively utilized in systems 
that have a common inputloutput bus. The only stipulation 
is that the system use only early write mode operations for all 
write cycles to avoid bus contention. 
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READ-MODIFY-WRITE AND READ-WHILE-WRITE CYLES 
As the name implies, both a read and a write cycle is ac

complished at a selected bit during a single access. The read
modify-write cycle is similar to the late write cycle discussed 
above. 

For the read-modify-write cycle a normal read cycle is in
itiated with the write (W) clock at the VIH level until the read 
data occurs at the device access time (tRAC!. At this time 
the write (iN) clock is asserted. The data in is setup and held 
with respect to the active edge of the write clock. The cycle 
described assumes a zero modify time between read and 
write. 

Another variation of the read-modify-write cycle is the 
read-while-write cycle. For this cycle, the following 
parameters (tRWD, tCWD) play an important role. A read
while-write cycle starts as a normal read cycle with the write 
(W) clock being asserted at minimum tRWD or minimum 
tCWD time, depending upon the application. This results in 
starting a write operation to the selected cell even before 
data out occurs. The minimum specification on tRWD and 
tCWD assure that data out does occur. In this case, the data 
in is set up with respect to write (W) clock active edge. 

PAGE-MODE CYCLES 
Page mode operation allows faster successive data opera

tions at the 256 column locations. Page access (tCAC) is 
typically half the regular RAS clock access (tRAC) on the 
Motorola 64K dynamic RAM. Page mode operation consists 
of holding the RAS clock active while cycling the CAS clock 
to access the column locations determined by the B-bit 
column address field. There are two controlling factors that 
limit the access to all 256 column locations in one R'AS" clock 
active operation. These are the refresh interval of the device 
(2 ms/128= 15.6 micr.oseconds) and the maximum active 
time specification for the R'AS" clock (10 microseconds!. 
Since 10 microseconds is the smaller value, the maximum 
specification of the RAS clock on time is the limiting factor 
of the number of sequential page accesses possible. Ten 
microseconds will provide approximately 50 successive page 
accesses (10 microseconds + page mode cycle timel for 
each row address selected before the RAS clock is reset. 

The page cycle is always initiated with a row address being 
provided and latched by the RAS clock, followed by the 
column address and CAS clock. From the timing illustrated, 
the initial cycle is a normal read or write cycle, that has been 
previously described, followed by the shorter CAS cycles 
(tPC). The CAS cycle time (tPC) consists of the ~ clock 
active time (tCAS), and CAS clock precharge time (tcp) and 
two transitions. I n addition to read and write cycles, a read
modify-write cycle can also be performed in a page mode 
operation. For a read-modify-write or read-while-write type 
cycle, the conditions normal to that mode of operation will 
apply in the page mode also. The page mode cycle illustrated 
show a series of sequential reads separated by a series of se
quential writes. This is just one mode of operation. In prac
tice, any combination of read, write and read-modify-write 
cycles can be performed to suit a particular application. 

REFRESH CYCLES 
The dynamic RAM design is based on capacitor charge 

storage for each bit in the array. This charge will tend to 
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degrade with time and temperature. Therefore, to retain the 
correct information, the bits need to be refreshed at least 
once every 2 ms. This is accomplished by sequentially cycl
ing through the 128 row address locations every 2 ms, or at 
least one row every 15.6 microseconds. A normal read or 
write operation to the RAM will serve to refresh all the bits 
1256) associated with that particular row decoded. 

RAS Only Refresh - When the memory component is in 
standby the RAS only refresh scheme is employed. This 
refresh method performs a RAS only cycle on all 128 row 
addresses every 2 ms. The row addresses are latched in with 
the liAS clock, and the associated internal row locations are 
refreshed. As the heading implies, the CAS clock is not re
quired and should be inactive or at a VIH level to conserve 
power. 

Auto Refresh Mode and Self Refresh mode (MCM6664A 
only) - With the MCM6664A, two additional refresh 
methods are available to the user. These special functions 
are incorporated on pin 1 of the device and have been ap
proved by JEDEC as an alternative function for that pin on 
the 64K dynamic memory. The auto refresh mode is ac
complished by asserting pin 1 active (VIL level) during the 
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time interval when there are no memory cycles. In the auto 
refresh mode, the REFRESH active pulse (tFP) must be 
limited to 2 microseconds or less. The 2 microsecond time is 
specified to prevent the device from transitioning into the 
self refresh mode. Auto refresh can be performed in a 
distributed mode (refresh cycle every 15.6 microseconds) 
and in a burst mode where all 128 refresh cycles are done one 
after the other until complete. An onboard address counter 
generates the internal row address to refresh a particular row 
and increments itself at the end of each cycle. 

Another variation of refresh is the self refresh mode. This 
mode is similar to the auto refresh method except that the 
active pulse width (tFBP) must be greater than 2 
microseconds or held down active indefinitely. With pin 1 in 
the self refresh mode, an internal row address is generated 
by the internal refresh counter approximately every 15.6 
microseconds. This mode of refresh is used for systems re
quiring battery back-up, and saves additional system power 
by not requiring an external refresh address counter and ad
dress buffers. The power dissipation for either REFRESH 
mode is the same. 
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MCM6664A BIT ADDRESS MAP 

Row Address A 7 A6 A5 A4 A3 A2 A 1 AO 
Column Address"A7 A6 A5 A4 A3 A2 Al AO 

Pin 8 

o Column Addresses 

Row Hex Dec A7 A6 A3 A4 AS A2 AO Al 
FE 254 , , , , , , , 0 

FF 255 , , , , , , , , 
FC 252 , , , , , , 0 0 

FD 253 , , , , , , 0 , 
FA 250 , , , , , 0 , 0 
FB 25' , , , , 1 0 , 1 

FB 248 , 1 1 1 1 0 0 0 

F9 249 1 1 1 1 1 0 0 1 · CO 192 , 1 0 0 0 0 0 0 
Cl 193 1 1 0 0 0 0 0 1 

BF 191 1 0 1 1 1 1 1 1 

BE 190 1 0 1 1 1 1 , 0 · B3 131 1 0 0 0 0 0 1 1 

B2 130 1 0 0 0 0 0 1 0 
Bl 129 1 0 0 0 0 0 0 1 

BO 12B 1 0 0 0 0 0 0 0 

7E 126 0 1 1 1 1 1 1 0 
7F 127 0 1 1 1 1 1 1 1 

7C 124 0 , 1 1 1 1 0 0 

· · 
42 66 0 , 0 0 0 0 1 0 

43 67 0 1 0 0 0 0 1 , 
40 64 0 1 0 0 0 0 0 0 

41 65 0 1 0 0 0 0 0 1 

3F 63 0 0 1 1 1 1 1 1 

3E 62 0 0 1 1 1 1 1 0 

2:::58 
3D 61 0 0 1 1 1 1 0 1 

· 00;:;5 · · 04 4 0 0 0 0 0 1 0 0 

§§§~ 
03 3 0 0 0 0 0 0 1 1 
02 2 0 0 0 0 0 0 1 0 
01 1 0 0 0 0 0 0 0 1 
00 0 0 0 0 0 0 0 0 0 

w ~ 88E3lB88858 ~ ~ 
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~ ~ 0 .......... 00..-.-00 
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~ ~ '-00000000 
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I~ ~ ~ ~ 
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Data Stored = Om" AOX" AlY 
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Data Address Address 
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0 0 True 

0 Inverted 
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64K BIT DYNAMIC RAM 

The MCM6665A is a 65,536 bit, high-speed, dynamic Random
Access Memory. Organized as 65,536 one-bit words' and fabricated 
using HMOS high-performance N-channel silicon-gate technology, this 
new breed of 5-volt only dynamic RAM combines high performance 
with low cost and improved reliability. 

By multiplexing row- and column-address inputs, the MCM6665A 
requires only eight address lines and permits packaging in standard 
16-pin dual-in-line packages. Complete address decoding is done on 
chip with address latches incorporated .. Data out is controlled by CAS 
allowing for greater system flexibility. 

All inputs and outputs, including clocks, are fully TTL compatible. 
The MCM6665A incorporates a one-transistor cell design and dynamic 
storage techniques. 

• Organized as 65,536 Words of 1 Bit 

• Single + 5 V Operation I ± 10%) 
• Full Power Supply Range Capabilities 

• Maximum Access Time 
MCM6665A-12= 120 ns 
MCM6665A-15= 150 ns 
MCM6665A-20=2oo ns 

• Low Power Dissipation 
302.5 mW Maximum IActive) IMCM6665A-15) 
22 mW Maximum IStandby) 

• Three-State Oat" Output 
• Internal Latches for Address and Data Input 

• Early-Write Common 1/0 Capability 

• 16K Compatible 128-Cycle, 2 ms Refresh 

• RAS-only Refresh Mode 

• CAS Controlled Output 
• Upward Pin Compatible from the 16K RAM IMCM4116, MCM4517) 

• Fast Page Mode Cycle Time 
• Low Soft Error Rate <0.1 % per 1000 Hours ISee Soft Error Testing) 
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MCM6665A 

MOS 
IN-CHANNEL, SILICON-GATE! 

65,536-BIT 
DYNAMIC RANDOM ACCESS 

MEMORY 

-1 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

L SUFFIX 
CERAMIC PACKAGE 

CASE 690 

Z SUFFIX, CERAMIC PACKAGE 
ALSO AVAILABLE - CASE 752A 

PIN ASSIGNMENT 

N/C ~~VSS 
o 15pOO 

Vii 14pa 

Rii'S 13 P A6 

AO 12pA3 

A2 tlPA4 

Al 7 lOp A5 

VCC 8 9P A7 

PIN NAMES 

AO-A7 . 
D .. 

. Address Input 
................... Data In 

.. Data Out 
....... Read/Write Input 

... Row Address Strobe 
. ... Column Address Strobe 
............. Power I +5 V! 

.. Ground 

a. 
Vii. 
RAS 
CAS. 
VCC· 
VSS 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high
impedance circuit. 

DS-9863/4-82 
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ABSOLUTE MAXIMUM RATINGS ISee Notel 

Rating Symbol Value Unit 

Voltage on Any Pin Relative to VSS 
lexcept VCCI Yin, Vout -2 to + 7 V 

Voltage on VCC Supply Relative to VSS VCC -1 to + 7 V 

Operating Temperature Range TA o to + 70 'c 

Storage Temperature Range T stg -65 to + 150 'c 

Power Dissipation PD 1.0 W 

Data Out Current lout 50 mA 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex
ceeded. Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods 
of time could affect device reliability. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min 

Supply Voltage MCM6665A-12, -15, -20 VCC 4.5 

VSS 0 

Logic 1 Voltage, All Inputs VIH 24 

Logic 0 Voltage, All Inputs VIL 1.0' 

FIGURE 1 - OUTPUT LOAO 

5V 

9700 

= 
-Includes Jig Capacitance 

Typ Max Unit Notes 

5.0 5.5 V 1 

0 0 V 1 

- VCC+ 1 V 1 

- 0.8 V 1 

-The device will withstand undershoots to the - 2 volt level with a maximum pulse width of 20 ns at the -1,5 volt level. This is periodically 
sampled rather than 100% tested. 

DC CHARACTERISTICS 

Characteristic Symbol Min Max Units Notes 

VCC Power Supply Current IStandbyl ICC2 - 4.0 mA 5 

VCC Power Supply Current 
6665A-12, tRC=250 ns - 60 
6665A-15, tRC=270 ns ICCl - 55 mA 4 
6665A-20, tRC = 330 ns - 50 

VCC Power Supply Current During RAS only Refresh Cycles 
6665A-12, tRC=250 ns - 50 
6665A-l~, tRC=270 ns ICC3 - 45 mA 4 
6665A-20, tRC=330 ns - 40 

VCC Power Supply Current During Page Mode Cycle for tRAS-lO ~sec 
6665A-12, tPC= tRP= 120 ns - 45 
6665A-15, tPC=tRP=145 ns ICC4 - 40 mA 4 
6665A-20, tpc = tRP =200 ns - 35 

Input Leakage Current IVSS:5Vin:5VCCI IIILI - 10 ~A -
Output Leakage Current ICAS at logic 1, VSS:5Vou t:5VCCI 10lLi - 10 ~A -

Output Logic 1 Voltage @ lout= -4 mA VOH 2.4 - V -

Output Logic 0 Voltage @ lout- 4 mA VOL - 0.4 V -

CAPACITANCE If= 10 MHz TA=25'C VCC=5 V Periodically Sampled Rather Than 100% Testedl 

Parameter Symbol Typ Max Unit Notes 

Input Capacitance lAO-Ali, D Cll 3 5 pF 7 

Input Capacitance RAS, CAS, WRITE CI2 6 8 pF 7 

Output Capacitance 101, ICAS = VIH to disable outputl Co 5 7 pF 7 

NOTES' 1. All voltages referenced to VSS. 
2. VIH min and VIL max are reference levels for measuring timing of input Signals. Transition times are measured between VIH and 

VIL· 
3. An initial pause of 100 f.Ls is required after power-up followed by any 8 RAS cycles before proper device operation is guaranteed. 
4. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output 

open. 

5. RAS and CAS are both at a logic 1. 
6. The transition time specification applies for all inputs signals. Irl addition to meeting the transition rate specification, all input 

signals must transmit bE::tween VIH and VIL' (or between VIL and VI H) in a monotonic manner. 
7. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C= ~~ 
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AC OPERATING CONDITIONS AND CHARACTERISTICS IRead, Write, and Read-Modlfy-Wrlte Cyclesl 

(Full Operating Voltage and Temperature Range Unless Otherwise Noted" See Notes 2 3 6 and Figure 1) 

6665A-12 6665A-15 6665A-20 
Parameter Symbol Min Max Min Max Min Max Units 

Random Read or Write Cycle Time tRC. 250 -. 270 - 330 - ns 

Read Write Cycle Time tRWC 255 - 280 - 345 - ns 

Access Time from Row Address Strobe tRAC - 120 - 150 - 200 ns 

Access Time from Column Address Strobe tCAC - 60 - 75 - 100 ns 

Output Buffer and Turn-Off Delay tOFF 0 30 0 30 0 40 ns 

Row Address Strobe Precharge Time tRP 100 - 100 - 120 - ns 

Row Address Strobe Pulse Width tRAS 120 10000 150 10000 200 10000 ns 

Column Address Strobe Pulse Width tCAS 60 1eooo 75 10000 100 10000 ns 

Row to Column Strobe Lead Time tRCD 25 60 30 75 35 100 ns 

Row Address Setup Time tASR 0 - 0 -- 0 - ns 

Row Address Hold Time tRAH 15 - 20 - 25 - ns 

Column Address Setup Time tASC 0 - 0 - 0 - ns 

Column Address Hold Time tCAH 25 - 35 - 45 -. ns 

Column Address Hold Time Referenced to RAS tAR 85 - 95 - 120 - ns 

Transition Time (Rise and Fall) tT 3 50 3 50 3 50 ns 

Read Command Setup Time tRCS 0 - 0 - 0 - ns 

Read Command Hold Time tRCH 0 0 - 0 - ns 

Read Command Hold Time Referenced to RAS tRRH 0 - 0 - 0 - ns 

Write Command Hold Time tWCH 25 - 35 - 45 - ns 

Write Command Hold Time Referenced to RAS tWCR 85 - 95 - 120 - ns 

Write Command Pulse Width twp 25 - 35 - 45 - ns 

Write Command to Row Strobe Lead Time tRWL 40 .. 45 - 55 - ns 

Write Command to Column Strobe Lead Time tCWL 40 - 45 - 55 - ns 

Data in Setup Time tDS 0 - 0 - 0 - ns 

Data in Hold Time tDH 25 - 35 - 45 - ns 

Data in Hold Time Referenced to RAS tDHR 85 - 95 _. 120 - ns 

Column to Row Strobe Precharge Time tCRP -10 - -10 - -10 - ns 

RAS Hold Time tRSH 60 - 75 - 100 .- ns 

Refresh Period tRFSH - 2.0 - 2.0 - 2.0 ms 

WRITE Command Setup Time twcs -10 - -10 - -·10 - ns 

CAS to WRITE Delay tCWD 40 - 45 - 55 - ns 

RAS to WRITE Delay tRWD 100 - 120 - 155 - ns 

CAS Hold Time tCSH 120 - 150 - 200 - r:s 

CAS Precharge Time I Page Mode Cycle Onlyl tcp 50 - 60 - 80 - ns 

Page Mode Cycle Time tpc 120 - 145 - 200 - ns 

Notes 
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8. The specifications for tAC (min), and tRWC (min) are used only to indicate cycle time at which proper operation over the full 
temperature range (Q°C:s T A :s70°C) is assured. 

9. AC measurements tT=5.0 ns. 

10. Assumes that tRCD"tRCD Imaxl. 
11. Assumes that tRCD",tRCD Imaxl. 
12. Measured with a current load equivalent to 2 TTL I -200 ~A, +4 mAl loads and 100 pF with the data output trip pOints set at 

VOH ~ 2.0 V and VOL ~ 0.8 V. 

13. 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 exclusively by tCAC. 

14. Either tRRH or tRCH must be satisfied for a read cycle. 
15. These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read

modify-write cycles. 
16. twcs, tewD and tRWD 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 tCWD",tCWD Iminl and tRWD",tRWD Iminl, the cycle is read-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 ac
cess time) is indeterminate. 

17. tAR min" tAR ~ tRCD + tCAH 
tDHR min" tDHR ~ tRCD + tDH 
tWCR min" tWCR ~ tRCD + tWCH 

18. toff (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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READ CYCLE TIMING 
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WRITE CYCLE TIMING 
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PAGE MODE READ CYCLE 

~----------------------tRAS----------------------------~ 
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RAS-ONLY REFRESH CYCLE 
(Data-in and Write are Don't Care, CAS is HIGH) 
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READ-WRITE/READ-MODIFY-WRITE CYCLE 
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TYPICAL CHARACTERISTICS 

FIGURE 2 - RAS ACCESS TIME versus SUPPLY VOLTAGE 
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FIGURE 4 - RAS ACCESS TIME versus 
AMB[ENT TEMPERATURE 
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FIGURE 3 - CAS ACCESS TIME versus SUPPLY VOLTAGE 

1.3 

ffi 
~ 1.2 

~ 
:z 
~ 1. I 

'" ;::: 

'" '" ~ 1.0 

'" 15 
~ 0.9 

0.8 

1.2 

ffi 
~ 1. 1 
'" 1l§ 
o z 
~ 1.0 

'" ;::: 

'" '" ~ 0.9 

I~ 
U 0.8 
~ 

...... r--... 

i'.. [1.0-tCAC@VCC-5V, TA-25"C) 

"-, ......... 
........... .......... 

...... r--., ...... , ............ 

r-.." r-...... 
~ .......... 

........... 

-.... 
4,5 5 5.5 
Vcc, SUPPLY VOLTAGE [VOLTS) 

FIGURE 5 - CAS ACCESS TIME versus 
AMBIENT TEMPERATURE 
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TYPICAL CHARACTERISTICS (continued) 

FIGURE 8 - ICCI SUPPLY CURRENT versus CYCLE RATE 
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FIGURE 12 - ICCI SUPPLY CURRENT 
versus AMBIENT TEMPERATURE (min RAS) 
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FIGURE 9 - ICCI SUPPLY CURRENT 
versus SUPPLY VOLTAGE 
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TYPICAL CHARACTERISTICS (continued) 
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FIGURE 14 - ICC2 STANDBY CURRENT 
versus AMBIENT TEMPERATURE 
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SOFT ERROR TESTING 
The storage cell depletion regions as well as the sense 

amplifier and its associated bit lines are susceptible to charge 
collection of electrons from an alpha "hit." However, the 
susceptibility of these vulnerable regions varies. Depleted 
storage cells are vulnerable at all times, whereas the sense 
amplifiers and associated bit lines are susceptible only during 
the small portion of the memory cycle just prior to sensing. 
Hence, an increase in the frequency of dynamic RAM access 
will cause a corresponding increase in the soft error rate. 

To take this memory access dependency into account, the 
total soft error rate profile includes a cycle time component. 
The soft error rate due to bit line hits at the system's memory 
cycle rate is added to the soft error rate due to storage cell 
hits which are not frequency dependent. Figure 18 illustrates 
the impact that frequency of access has on the 
MCM6664A/MCM6665A overall soft error rate. 

Under normal operating conditions, the die will be expos
ed to radiation levels of less than 0.01 alpha/cm2/hr. Ac
celerated soft error testing data is generated from at least 
three high-intensity sources having an Alpha Flux Density 
range of 1 x 105 to 6 x 105 (alpha/cm2hr) placed over un-
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FIGURE 15 - ICC3 SUPPLY CURRENT versus CYCLE RATE 
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coated die. Figure 19 shows the soft error rate for a given 
alpha flux density at a cycle rate of 100 kHz. The accelerated 
data of Figures 18 and 19 project that the soft error rate for 
package level radiation will be less than 0.1%/1000 hours. 

SYSTEM LIFE OPERATING TEST CONDITIONS 

1) Cycle time: 1 microsecond for read, write and refresh 
cycles 

2) Refresh Rate: 1 millisecond 

3) Voltage: 5.0 V 
4) Temperature: 30° C ± 2° C (ambient temperature inside 

enclosure) 
5) Elevation: Aoproximately 620 feet above mean sea level 

6) Data Patterns: Write the entire memory space sequential
ly with all "1"s and then perform continuous sequential 
reads for 6 hours. Next, write the entire memory space 
with all "O"s sequentially and then perform continuous 
sequential reads for 6 hours. Next, go back to the all "1"s 
pattern and repeat the sequences all over again. 
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FIGURE 18 - ACCELERATED SOFT ERROR 
versus CYCLE TIME 
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CURRENT WAVEFORMS 

FIGURE 20 - RAS/CAS CYCLE 
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FIGURE 19 - SOFT ERROR RATE versus 
ALPHA FLUX DENSITY 
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FIGURE 21 - LONG RAS/CAS CYCLE 
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DEVICE INITIALIZATION 

Since the 64K dynamic· RAM is a single supply 5 V only 
device, the need for power supply sequencing is no longer 
required as was the case in older generation dynamic RAMs. 
On power-up an initial pause of 100 microseconds is required 
for the internal substrate generator pump to establish the 
correct bias voltage. This is to be followed by a minimum of 
eight active cycles of the row address strobe (clockl to 
initialize the various dynamiC nodes internal to the device. 
During an extended inactive state of the device (greater than 
2 ms with device powered upl the wake up sequence (S 
active cyclesl will be necessary to assure proper device 
operation. See Figures 25,26 for power on characteristics of 
the RAM for two conditions (clocks active, clocks inactivel. 

The row address strobe is the primary "clock" that 
activates the device and maintains the data when the RAM is 
in the standby mode. This is the main feature that distin
quishes it as a dynamic RAM as opposed to a static RAM. A 
dynamic RAM is placed in a low power standby mode when 
the device receives a positive-going row address strobe. The 
variation in the power dissipation of a dynamic RAM from 
the active to the standby state is an order of magnitude or 
more for NMOS devices. This feature is used to its fullest ad
vantage with high density mainframe memory systems, 
where only a very small percentage of the devices are in the 
active mode at anyone time and the rest of the devices are in 
the standby mode. Thus, large memory systems can be 
assembled that dissipate very low power per bit compared to 
a system where all devices are active continuously. 

ADDRESSING THE RAM 

The eight address pins on the device are time multiplexed 
with two separate S-bit address fields that are strobed at the 
beginning of the memory cycle by two clocks (active 
negativel called the row address strobe and the column 

address strobe. A total of sixteen address bits will decode 
one of the 65,536 cell locations in the device. The column 
address strobe follows the row address strobe by a specified 
minimum and maximum time called "tRCO," which is the 
row to column strobe delay. This time interval is also referred 
to as the multiplex window which gives flexibility to a system 
designer to set up his external addresses into the RAM. 
These conditions have to be met for normal read or write 
cycles. This initial portion of the cycle accomplishes the nor
mal addressing of the device. There are, however, two other 
variations in addressing the 64K RAM: one is called the page 
mode cycle (described laterl where an S-bit column address 
field is presented on the input pins and latched by the CAS 
clock, and the other is the RAS only refresh cycle (described 
laterl where a 7-bit row address field is presented on the in
put pins and latched by the RAS clock. In the latter case, the 
most significant bit on Row Address A7 (pin 91 is not re
quired for refresh. See bit address map for the topology of 
the cells and their address selection. 

NORMAL READ CYCLE 

A read cycle is referred to as normal read cycle to differen
tiate if from a page-made-read cycle, a read-while-write 
cycle, and read-modify-write cycle which are covered in a 
later section. 

The memory read cycle begins with the row addresses 
valid and the RAS clock transitioning from VIH to the VIL 
level. The CAS clock must al,o make a transition from VIH to 
the VIL level at the specified tRCD timing limits when the 
column addresses are latched. Both the R7iS and "Ci'\S" 
clocks trigger a sequence of events which are controlled by 
several delayed internal clocks. Also, these clocks are linked 
in such a manner that the access time of the device is in
dependent of the address multiplex window. The only 
stipulation is that the CAS clock must be active before or at 

CURRENT WAVEFORMS 

FIGURE 25 - SUPPLY CURRENT versus SUPPLY 
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the tRCD maximum specification for an access Idata validl 
from the RAS clock edge to be guaranteed ItRACI. If the 
tRCD maximum condition is not met, the access ItCACI 
from the CAS clock active transition will determine read ac
cess time. The external CAS signal is ignored until an inter
nal RAS sillnal is available, as noted in the functional block 
diagram, Figure 24. This gating feature on the CAS clock will 
allow the external CAS signal to become active as soon as 
the row address hold time ItRAH) specification has been met 
and defines the tRCD minimum specification. The time dif
ference between tRCD minimum and tRCD maximum can be 
used to absorb skew delays in switching the address bus 
from row to column addresses and in generating the CAS 
clock. 

Once the clocks have become active, they must stay active 
for the minimum ItRASI period for the RAS clock and the 
minimum ItCAS) period for the CAS clock. The RAS clock 
must stay inactive for the minimum (tRP) time. The former is 
for the completion of the cycle in progress, and the latter is 
for the device internal circuitry to be precharged for the next 
active cycle. 

Data out is not latched and is valid as long as the CAS 
clock is active; the output will switch to the three-state mode 
when the CAS clock goes inactive. The CAS clock can re
main active for a maximum of 10 ns (tCRP) into the next 
cycle. To perform a read cycle, the write (W) input must be 
held at the VIH level from the time the CAS clock makes its 
active transition (tRCS) to the time when it transitions into 
the inactive (tRCH) mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except that the Write 
(W) clock must go active (VIL level) at or before the CAS 
clock goes active at a minimum twcs time. If the above 
condition is met, then the cycle in progress is referred to as a 
early write cycle. In an early write cycle, the write clock and 
the data in is referpnced to the active transition of the CAS 
clock edge. There are two important parameters with respect 
to the write cycle: the column strobe to write lead time 
(tCWL) and the row strobe to write lead time (tRWLI. These 
define the minimum time that RAS and CAS clocks need to 
be active after the write operation has started (W clock at 
VIL level). 

It is also possible to perform a late write cycle. For this 
cycle the write clock is activated after the CAS goes low 
which is beyond twcs minimum time. Thus the parameters 
tCWL and tRWL must be satisifed before terminating this 
cycle. The difference between an early write cycle and a late 
write cycle is that in a late write cycle the write (W) clock can 
occur much later in time with respect to the active transition 
of the CAS clock. This time could be as long as 10 
microseconds - [tRWL + tRP + 2Ttl. 

At the start of a write cycle, the data out is in a three-state 
condition and remains inactive throughout the cycle. The 
data out remains three-state because the active transition 
of the write (W) clock prevents the CAS clock from enabling 
the data-out buffers as noted in Functional Block Diagram. 
The three-state condition (high impedance) of the Data Out 
Pin during'a write cycle can be effectively utilized in a system 
that has a common input/ output bus. The only stipulation is 
that the system use only early write mode operations fur all 
write cycles to avoid bus contention. 
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READ-MODIFY-WRITE AND READ-WHILE-WRITE CYLES 

As the name implies, both a read and a write cycle is ac
complished at a selected bit during a single access. The read
modify-write cycle is similar to the late write cycle discussed 
above. 

For the read-modify-write cycle a normal read cycle is in
itiated with the write (W) clock at the VIH level until the read 
data occurs at the device access time (tRACI. At this time 
the write (W) clock is asserted. The data in is setup and held 
with respect to the active edge of the write clock. The cycle 
described assumes a zero modify time between read and 
write. 

Another variation of the read-modify-write cycle is the 
read-while-write cycle. For this cycle, the following 
parameters (tRWD, tCWD) play an important role. A read
while-write cycle starts as a normal read cycle with the write 
(W) clock being asserted at minimum tRWD or minimum 
tCWD time, depending upon the application. This results in 
starting a write operation to the selected cell even before 
data out occurs. The minimum specification on tRWD and 
tCWD assures that data out does occur. In this case, the 
data in is set up with respect to write (W) clock active edge. 

PAGE-MODE CYCLES 

Page mode operation allows faster successive data opera
tions at the 256 column locations. Page access (tCAC) is 
typically half the regular RAS clock access (tRAC) on the 
Motorola 64K dynamic RAM. Page mode operation consists 
of holding the RAS clock active while cycling the CAS clock 
to access the column locations determined by the 8-bit 
column address field. There are two controlling factors that 
limit the access to all 256 column locations in one RAS clock 
active operation. These are the refresh interval of the device 
12 ms/128= 15.6 microseconds) and the maximum active 
time s'pecification for the RAS clock 110 microseconds). 
Since 10 microseconds is the smaller value, the maximum 
specification of the RAS clock on time is the limiting factor 
of the number of sequential page accesses possible. Ten 
microseconds will provide approximately (10 micro
seconds/page mode cycle time) 50 successive page accesses 
for every row address selected before the RAS clock is reset. 

The page cycle is always initiated with a row address being 
provided and latched by the RAS clock, followed by the 
column address and CAS clock. From the timing illustrated, 
the initial cycle is a normal read or write cycle, that has been 
previously described, followed by the shorter CAS cycles 
(tPCI. The CAS cycle time (tPC) consists of the CAS clock 
active time (teAS), and CAS clock precharge time (tcp) and 
two transitions. In addition to read and write cycles, a read
modify-write cycle can also be performed in a page mode 
operation. For a read-modify-write or read-while-write type 
cycle, the conditions normal to that mode of operation will 
apply in the page mode also. The page mode cycles il
lustrated show a series of sequential reads separated by a 
series of sequential writes. This is just one mode of opera
tion. In practice, any combination of read, write and read
modify-write cycles can be performed to suit a particular 
application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 



MCM6665A 

degrade with time and temperature. Therefore, to retain the 
correct information, the bits need to be refreshed at least 
once every 2 ms. This is accomplished by sequentially 
cycling through the 128 row address locations every 2 ms, or 
at least one row every 15.6 microseconds. A normal read or 
write operation to the RAM will serve to refresh all the bits 
12561 associated with that particular row decoded. 

RAS Only Refresh - When the memory component is in 
standby the RAS only refresh scheme is employed. This 
refresh method performs a RAS only cycle on all 128 row 
addresses every 2 ms. The row addresses are latched in with 
the RAS clock, and the associated internal row locations are 
refreshed. As the heading implies, the CAS clock is not re
quired and should be inactive or at a VIH level to conserve 
power. 

PIN ASSIGNMENT COMPARISON 

MCM4116 MCM4517 MCM6632A 

Vee 1. 16 VSS N/C 1. VSS REFRESH 1. lb VSS 

D 15 CAS D CAS D 15 CAS 

Iii 14 Q VI Q W 14 Q 

RAS 4 13 A6 RAS A6 RAS 13 A6 

AO 12 A3 AO A3 AO 12 A3 

A2 11 A4 A2 11 A4 A2 11 A4 

AI 10 A5 AI A5 AI 10 A5 

VDD Vec VCC N/C VCC 9 A7 

MCM6633A MCM6664A MCM6665A 

N/C 1. 16 VSS REFRESH 1. 16 VSS N/C 1. VSS 

D 15 CAS D 15 CAS D CAS 

Iii 14 Q W 14 Q Iii Q 

RAS 13 A6 AIlS 13 A6 RAS A6 

AO 12 A3 AO 12 A3 AO 12 A3 

A2 11 A4 A2 11 A4 A2 11 A4 

AI 10 A5 AI 10 A5 AI 10 A5 

VCC 9 A7 VCC A7 VCC A7 

PIN VARIATIONS 

PIN NUMBER MCM4116 MCM4517 MCM6632A MCM6663A MCM6664A MCM6665A 

1 VSSI-5 VI N/C REFRESH N/C REFRESH N/C 

8 VDDI + 12 VI VCC VCC Vce VCC VCC 

9 VCCI+5VI N/C A7 A7 A7 A7 
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MCM6665A BIT ADDRESS MAP 

Row Address A7 A6 AS A4 A3 A2 A 1 AO 
Column Address A7 A6 AS A4 A3 A2 A 1 AO 

Row 

Pin 8 

0 
Hex Coo 

FE 254 
FF 256 
FC 252 
Fo 253 
FA 250 
FB 251 
FB 248 
F9 249 

CO 192 
Cl 193 

bF 191 
BE 190 

B3 131 
B2 130 
Bl 129 

CoIumnAddreues 

A7 AS A3 A4 AS IU AD AI 
1 0 

BO 128 

7E 126 0 

I 
~r-------------------~---------------------+~~~~~~~~~~ 
~ 
~ 
u 

55 

88 

::1-

::/ -'
:1/--

~D <~~ 

w ~ 
~~ 
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7F 127 
7C 124 

42 66 
43 67 0 
40 . 64 0 
41 65 0 0 

3F 63 
3E 62 

~;::58 
3D 61 

5005 

04 

§§U 
03 
02 
01 
00 

~8t;~gS858 

Dala Stored=Dine Aoxe AlY 

Column 
Add ... 

Al 

o 
o 

Row 
Address 

AO 

o , 
o 

Data 
Stored 

True 

Inverted 

Inverted 

True 



® MOTOROLA 

Product Prey ie"", 

256K-BIT DYNAMIC RAM 
The MCM6256 is a 262,144 bit. high-speed, dynamic Random Access 

Memory. Organized as 262,144 one-bit words and fabricated using 
Motorola's high-performance silicon-gate MOS (HMOS) technology, 
this new single + 5 volt supply dynamic RAM combines high perfor
mance with low cost and improved reliability. The MCM6256 has the· 
capability of using laser fuse redundancy and is manufactured using ad

. vanced direct-step on wafer photolithographic equipment. 
By multiplexing row and column address inputs, the MCM6256 ·re

quires only nine address lines and permits packaging in standard 16-pin 
300 mil wide dual-in-line packages. Complete address decoding is done 
on-chip with address latches incorporated. Data out (Q) is controlled by 
CAS allowing greater system flexibility. 

All inputs and outputs, including clocks, are fully TTL compatible. 
The MCM6256 incorporates a one transistor cell design and dynamic 
storage techniques. In addition to the Ri'iS-only refresh mode, a CAS 
before RAS automatic refresh is available. Another special feature of 
the MCM6256 is nibble mode, allowing the user to serially access 4 bits 
of data at a high data rate. Nibble mode address is controlled by the ad
dresses on pin 1 (AS row and AS columnl. 

• Organized as 262,144 Words of 1 Bit 

• Single +5 Volt Operation (± 10%i 

• Maximum Access Time: 
MCM6256-10~ 100 ns 
MCM6256-12~ 120 ns 
MCM6256-15~ 150 ns 

• Low Power Dissipation: 
70 mA maximum (Active) MCM6256-10 
4 mA maximum (Standby) 

• Three-State Data Output 
• Early-Write Common 1/0 Capability 

• 256 Cycle, 4 ms Refresh 

• RAS-Only Refresh Mode 
• Automatic (CAS before RAS) Refresh Mode 

• Fast Nibble Mode on Read and Write Cycles 
20 ns Access Time 
40 ns Cycle Time 

Spare Bits 

I \ 
m 

(f) ~ 

AO_ I" « " Memory Decoder Memory 0 

%l ex: U 
AI_ => Array Array ,---0 

A2-
u AS 
-g - ~ r---

A3- <0 

I" D9coder Decoder Nibble 

A4- ~ Dec:::Jder 

A5_ III ,.....-- - ~ 
~ 

m 

A6-
~ 

" "C Memorv Decoder Memory .20 
A7_ "C u~ « Array Array (f)-

« u 

-AS 

-RAS 

-CAS 

-Write,W 

-Data In, D 

-Data Out, a 

This document contains informatIon on a product under development. Motorola reserves the 
right to change or discontinue this product without notice. 
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MCM6256 

MOS 
IN-CHANNEL, SILICON-GATEI 

262,144 BIT 
DYNAMIC RANDOM ACCESS 

MEMORY 

AD-AS 
D. 
o. 
IN 
RAS. 

,~ 
1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 690 

PIN ASSIGNMENT 

AS [fii\.-/16 V S S 

D [ 2 15 CAS 

Vii 3 14 0 

RAS [ 4 13 A6 

AD 12 A3 

A2 11 A4 

Al 10 A5 

VCC 8 9 A7 

PIN NAMES 

.. Address Input 
Data In 

. Data Out 
. Read/Write Input 

.. Row Address Strobe 
CAS. . ..... Column Address Strobe 
V CC . Power 1+5 VI 
VSS . Ground 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 

NP-352/4-S2 
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MOS Static RAM 

3-1 



3-2 



® MOTOROLA 

1024 x 1 STATIC RAM 

The MCM2115A and MCM2125A families are high-speed, 1 024 words 
by one-bit, random-access memories fabricated using HMOS, high
performance N-channel silicon-gate technology. Both open collector 
(MCM2115A) and three-state output (MCM2125AI are available. The 
devices use fully static circuitry throughout and require no clocks or 
timing strobes. Data out has the same polarity as the input data. 

Access times are fully compatible with the industry-produced 1 K 
Bipolar RAMs, yet offer up to 50% reduction in power over their Bipolar 
equivalents. 

All inputs and output are directly TTL compatible. The chip select 
allows easy selection of an individual device when outputs are OR-tied. 

• Organized as 1024 Words of 1 Bit 
o Single + 5 V Operation 

• Maximum Access Time of 45 ns, 55 ns, and 70 ns available 

• Low Operating Power Dissipation 
o Pin Compatible to 93415A (2115A) and 93425A (2125A) 

I:) TTL Inputs and Outputs 

• Uncommitted Collector (2115AI and Three-State (2125A) Output 

BLOCK DIAGRAM 

a 

AOAl A2 A3 A4 A5 A6 A7 AB A9 SIND 

TRUTH TABLE 

Output Output 
Inputs 2115A Family 2125A Family Mod.e 

5 W D Q Q 

H X X H High Z Not Selected 

L L L H High Z Write "0" 
L L H H High Z Write"'" 

L H X Data aut Data Out Read 
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MCM2115A 
MCM21L15A 
MCM2125A 
MCM21L25A 

MOS 
(N-CHANNEL, SILICON-GATE) 

1024-BIT STATIC 
RANDOM ACCESS 

MEMORY 

C SUFFIX 
FRIT-SEAL 

CERAMIC PACKAGE 
CASE 620 

PIN ASSIGNMENT 

s fie\../1ii ~ vee 

AO 15~D 
Al 14~iN 
A2 13DA9 

A3 12pAB 

A4 " PA7 
a lOpA6 

VSS 9~A5 

PIN NAMES 

A... .. .... Address 
D. . . . .. Data Input 
a. . . Data Output 
S. . . . . . . . . . . . . . . .... Chip Select 
Vee .................... + 5 V Supply 
VSS..... .. ... Ground 
iN.... .... .. ... Write Enable 

0598'9/5-80 
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ABSOLUTE MAXIMUM RATINGS ISee Notel 

Rating Value Unit 

Temperature Under Bias -10to +80 ·C 

Voltage on Any Pin With Respect to VSS -0.5 to + 7.0 Vdc 

DC Output Current 20 mA 

Power Dissipation 1.0 Watt 

Operating Temperature Range o to + 70 ·C 

Storage Temperature Range 65 to + 150 ·C 

NOTE: Permanent damage may occur if ABSOLUTE MAXIMUM RATINGS 
are exceeded. Functional operation should be restricted to RECOM
MENDED OPERATING CONDITIONS. Exposure to higherthan recom
mended voltages for extended periods of time could affect device 
reliability . 

This device contains Circuitry to protect the in
puts against damage due to high static voltages 
or electric fields; however. it is advised that nor
mal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages 
to this high-impedance circuit. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 

RECOMMENDED DC OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.75 5.0 5.25 
V 

VSS 0 0 0 

Logic 1 Voltage, All Inputs VIH 2.1 - 6 V 

Logic 0 Voltage, All Inputs VIL -0.3 - 0.8 V 

DC OPERATING CHARACTERISTICS 

Parameter Symbol 
MCM2115A MCM21L15A MCM2125A MCM21L25A 

Unit 
Min Max Min Max Min Max Min Max 

Input Low Current IAlllnput Pins, Vin=O to 5.5 VI IlL - -40 - -40 - -40 - -40 p.A 

Input High Current IIH - 40 - 40 - 40 - 40 p.A 

Output Leakage Current IVout =0.5/2.4 VI IOL - - - - - 50 - 50 p.A 

Output Leakage Current IVout-4.5 VI leEX - 100 - 100 - - - - p.A 

Power Supply Current IS- VIL, Outputs Open TA=25·CI Ice 125 75 - 125 75 rnA 

Output Low Voltage IIOL - 7.0 rnA, 2125A, 16 rnA 2115AI VOL - 0.45 - 0.45 - 0.45 - 0.45 V 

Output High Voltage IIOH - - 4.0 mAl VOH - - - - 2.4 - 2.4 - V 

Current Short Circuit to Ground lOS - - - - - -100 - -100 rnA 

MCM2115A FAMILY AC OPERATING CONDITIONS AND CHARACTERISTICS, READ, WRITE CYCLES 
ITA-Ot070·e VCC-50V ±5%1 - -

Symbol 
MCM2115A-45 MCM2115A-55 MCM2115A-70 

Units Parameter 
Min Max Min Max Min Max 

Chip Select Low Output Valid tSLQV 5 30 5 35 5 40 ns 

Chip Select High to Output Invalid tSHQZ - 30 - 35 - 40 ns 

Address Valid to Output Valid tAVQV - 45 - 55 - 70 ns 

Address Valid to Output Invalid tAVQX 10 - 10 10 ns 

Write Low to Output Disable tWLQZ - 30 - 35 - 40 ns 

Write High to Output Valid tWHQV 0 30 0 35 0 45 ns 

Write Low to Write High IWrite Pulse Width) tWLWH 30 - 40 - 50 - ns 

Data Valid to Write Low tOVWL 5 - 5 - 5 - ns 

Write High to Data Don't Care IData Holdl tWHDX 5 - 5 5 ns 

Address Valid to Write Low (Address Setup) tAVWL 5 - 5 - 15 - ns 

Write High to Address Don't Care tWHAX 5 - 5 - 5 - ns 

Chip Select Low to Write Low tSLWL 5 - 5 - 5 - ns 

Write High to Chip Select High tWHSH 5 - 5 - 5 - ns 

Address Valid to Address Don't Care tAVAX - 45 - 55 70 ns 

Chip Select Low to Chip Select High tSLSH - 45 - 55 - 70 ns 
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MCM21L15A FAMILY AC OPERATING CONDITIONS AND CHARACTERISTICS, READ, WRITE CYCLES 
ITA=Ot070°C VCC=50V ±5%) 

Symbol 
MCM21 L15A-45 MCM21 L15A-70 

Parameter 
Min Max Min Max 

Chip Select Low to Output Valid tSLOV 5 30 5 30 

Chip Select High to Output Invalid tSHOZ - 30 - 30 

Address Valid to Output Valid tAVOV - 45 - 70 

Address Valid to Output Invalid tAVOX 10 - 10 -

Write Low to Output Disable tWLOZ - 25 - 25 

Write High to Output Valid tWHOV 0 25 0 25 

Write Low to Write High IWrite Pulse Width) tWLWH 30 - 30 -

Data Valid to Write Low tDVWL 0 - 0 -

Write High to Data Don't Care tWHDX 5 - 5 -

Address Valid to Write Low IAddress Setup) tAVWL 5 - 5 -

Write High to Address Don't Care tWHAX 5 - 5 -
Chip Select Low to Write Low tSLWL 5 - 5 -
Write High to Chip Select High tWHSH 5 - 5 -
Address Valid to Address Don't Care tAVAX - 45 - 70 

Chip Select Low to Chip Select High tSLSH - 45 - 70 

MCM2125A FAMILY AC OPERATING CONDITIONS AND CHARACTERISTICS, READ, WRITE CYCLES 
ITA=Ot070°C VCC=50V ±5%) 

MCM2125A-45 MCM2125A-55 MCM2125A-70 
Parameter Symbol 

Min Max Min Max Min 

Chip Select Low to Output Valid tSLOV 5 30 5 35 5 

Chip Select High to Output High Z tSHOZ - 30 - 35 -
Address Valid to Output Valid tAVOV - 45 55 

Address Valid to Output Invalid tAVOX 10 - 10 - 10 

Write Low to Output High Z tWLOZ - 30 - 35 -

Write High to Output Valid tWHOV 0 30 0 35 0 

Write Low to Write High IWrite Pulse Width) tWLWH 30 - 40 - 50 

Data Valid to Write Low tDVWL 5 - 5 - 5 

Write High to Data Don't Care tWHDX 5 - 5 - 5 

Address Valid to Write Low IAddress Setup) tAVWL 5 - 5 - 15 

Write High to Address Don't Care tWHAX 5 - 5 - 5 

Chip Select Low to Write Low tSLWL 5 - 5 - 5 

Write High to Chip Select High tWHSH 5 - 5 - 5 

Address Valid to Address Don't Care tAVAX - 45 - 55 -

Chip Select Low to Chip Select High tSLSH - 45 - 55 -
MCM21L25A FAMILY AC OPERATING CONDITIONS AND CHARACTERISTICS, READ, WRITE CYCLES 

ITA=O to 70°C, VCC=5.0V ±5%) 

Max 

40 

40 

70 

-

40 

45 

-
-
-
-

-

-
-
70 

70 

MCM21 L25A-45 MCM21L25A-70 
Parameter Symbol 

Min Max Min Max 

Chip Select Low to Output Valid tSLOV 5 30 5 30 

Chip Select High to Output High Z tSHOZ - 30 - 30 

Address Valid to Output Valid tAVOV - 45 - 70 

Address Valid to Output Invalid tAVOX 10 - 10 -

Write Low to Output High Z tWLOZ - 25 - 25 

Write High to Output Valid tWHOV 0 25 0 25 

Write Low to Write High IWrite Pulse Width) tWLWH 30 - 30 -

Data Valid to Write Low tDVWL 0 - 0 -

Write High to Data Don't Care tWHDX 5 - 5 -
Address Vand to Write Low IAddress Setup) tAVWL 5 - 5 -

Write High to Address Don't Care tWHAX 5 - 5 -

Chip Select Low to Write Low tSLWL 5 - 5 -
Write High to Chip Select High tWHSH 5 - 5 -
Address Valid to Address Don't Care tAVAX - 45 - 70 

Chip Select Low to Chip Select High tSLSH - 45 - 70 
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Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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CAPACITANCE (f=1.0 MHz, TA=25°C, periodically sampled rather than OUTPUT LOAD 

VCC 
100% tested.l 

Characteristic 

Input Capacitance (Vin = 0 VI 

Output Capacitance (Vout = 0 VI 300 II 

Capacitance measured with a Boonton Meter or effective capacitance calculated 
from the equation: C=IL>tILW. 

2115A Q---.---; 

600 
30 pF 
(Including 
scope and jig) 

READ CYCLE TIMING 1 
(S Held Low, W Held High) 

READ CYCLE TIMING 2~ 
(W Held High) 

WRITE CYCLE TIMING 

2115A FAMILY 

Address 
tAVAX ~ 

===~;;~~~~~~22~8*C=======~~~~=========VOH Q (Data Oull Previous Data Valid Data Valid 

VOL 

~~--------------------3.5V 

Address~ Address Valid 0 V 

,-----3.5v 

OV 

-----------~------------_4,_--VOH Q (Data Oull Data Valid 
- VOL 

, __ tAVAX _r 03
v
5V 

Addre_Ss';L-,ocw, ~ '1-
~ I Mf//$/mmJ///J/::V 

!.--tAVWL 
tWHAX 

w ,----------- 3.5 V 

-OV 
tDVWL1r- r-tWHDX_ 

D(Dataln)~ Data Valid ~:.~v 

<w,,,, -I r- ~'W"Q'~ 

(All Time Measurements Referenced to 1.5 VI 
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Waveform 
Symbol 

\\\\\\ 

mlO 

READ CYCLE TIMING 1 

WAVEFORMS 

Must Be 
Valid 

Change 
From H to L 

Change 
From L to H 

Don't Care: 
Any Change 

Permitted 

Will Be 
Valid 

Will Change 
From H to L 

Will Change 
From L to H 

Changing 
State 

Unknown 

High 
Impedance 

2125A FAMILY 

OUTPUT LOAD 

VCC 

2125A 0--+-...... 

300 

510 

30 pF 
IIncluding 
Scope and jig) 

is Held Low, W Held High) 
tAVAX ~ 

READ CYCLE TIMING 2 
!W Held High) 

WRITE CYCLE TIMING 

Address 

,===~~~~~~~~~22~<=========~~~~========VOH o IData Outl Previous Data Valid Data Valid 
~------------VOL 

~r--------------------3.5V 
Address~ Address Valid 0 V 

____ , foo>-------tSLSH------>olr-____ 3.5 V 

S 
-OV 

o (Data Outl------
-VOH 

Hi-Z -
-VOL 

--;kt========~t~AYVA~X~========~~-------------35V 

AO"~~",w,_ --------0 V 

!.--tAVWL 
tWHAX 

IN 
r----------- 3.5 V 

-OV 

tDVWL1r- r-~HD~ __ 

DIDataln)~ Data Valid ~:.:V 

--!tWLOZr- ~tWHOV 
o IData OUtl~"'==="'D"'~"'ta=U"'n"'de~Hi-Z 

r--------VOH 
Data Out= Data In 

~-------VOL 

(All time measurements referenced to 1.5 Vl 
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WRITE ENABLE TO HIGH-Z DELAY 

Write 
Enable 

tWLOZ 
,-------Data 

Output _______ ---J' 0.5 V Hi-Z 

WRITE ENABLE TO HIGH-Z DELAY 

Write 
Enable 

Data 
Output 

Data 
Output 

_·...:·O...:"..:L::.ev:.:e...:1 ---J' 0.5 V 

"1" Level 

2115A FAMILY 

2125A FAMILY 

3-8 

PROPAGATION DELAY FROM CHIP SELECT TO HIGH-Z 

Chip 
Select 

Data 

!+----<-I-tSHOZ 

,---------
Hi-Z 

Output ------' 0.5 V 

PROPAGATION DELAY FROM CHIP SELECT TO HIGH-Z 

Chip 
Select 

Data 
Output 

Data 
Output 

f------o4- ts HOZ 
'----Hi-z 

_...:"O,-"~L;;:.ev:.::e:..1 __ oJ' 0.5 V 

"1" Level 



® MOTOROLA 

256 x 4 BIT STATIC RAM 

The MCM5101 family of CMOS RAMs offers ultra low power and ful
ly static operation with a single 5-volt supply. The CMOS 1024-bit 
devices are organized in 256 words by 4 bits. Separate data inputs and 
data outputs permit maximum flexibility in bus-oriented systems. Data 
retention at a power supply as low as 2.0 volts over temperature readily 
allows design into applications using battery backup for nonvolatility. 
The MCM5101 is fully static and does not require clocking in standby 
mode. 

The MCM5101 is fabricated using the Motorola advanced ion
implanted, silicon-gate technology for high performance and high 
reliability. 
Ii) Low Standby Power 

" Fast Access Time 
o Single + 5.0 Volt Supply 

CD. Fully TTL Compatible - All Inputs and Outputs 
Ii) Three-State Output 
• Fully Static Operation 

" Data Retention to 2.0 Volts 
Ii) Direct Replacement for: 

Intel 5101 Series 
AMI S5101 Series 
Hitachi HM435101 Series 

III Pin Replacement for Harris HM6501 Series 

Type Number 
Typical Current Typical Current Max Access 

MCM51L01C45, P45 

MCM51 LOl C65, P65 

MCM5101C65, P65 

MCM5101C60, P60 

4 
AO 

Al 

A2 

A3 

A4 

CE2 
19 

eEl 

20 
R/W 

all 
9 

11 

Address 
Buffers 

(Enable) 

@2V I~AI 

0.14 

0.14 

0.70 

-

BLOCK DIAGRAM 

Input 

Data 

Row 

Decoders 

DI2 
13 

DI3 
15 

oi-:::--------j Control 

DI4 

18 
aD 

@5VI~AI 

0.2 

0.2 

1.0 

10 

Cell Array 
32 Rows 

Insl 

450 

650 

650 

800 

Vee:::; Pin 22 

Gnd = Pin 8 

DOl 

D02 

003 

004 
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MCMS10l 
MCMS1LOl 

CMOS 
ICOMPLEMENTARY MOS) 

1024-BIT STATIC 
RANDOM ACCESS MEMORY 

- " ( , 
, ' ' C SUFFIX 
I CERDIP PACKAGE 

CASE 736 

*f{fI:"j' , • • • P SUFFIX 
, ' • J PLASTIC PACKAGE 

CAS .. 708 

PIN ASSIGNMENT 

A3 VCC 
A2 21 A4 

.Al 20 RIW 

AO 19 CEl 

A5 18 OD 

A6 17 CE2 

A7 16 D04 

GND 15 DI4 

Dll 14 D03 

DOl 13 DI3 

DI2 12 D02 

TRUTH TABLE 

CE1 CE2 OD R/W Din Output Mode 
H X X X X High-Z Not Selected 

X L X X X High-Z Not Selected 

X X H H X High-Z Output Disabled 

L H H L X High-Z Write 

L H L L X Din Write 
L H L H X Dout Read 

DS9828/9-80 



MCM5101-MCM51 L01 

MAXIMUM RATINGS (Voltages referenced to VSS Pin B) 

Rating Symbol Valua Unit 

DC Supply Voltage VCC -0.5 to + 7.0 V 

Voltage on Any Pin Vin -0.3 to VCC+0.3 V 

Operating Temperature Range TA o to +70 DC 

Storage Temperature Range Tsta -65 to + 150 DC 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 

This device contains circuitry to protect the in
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor
mal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages 
to this high-impedance circuit. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage VCC 4.75 5.0 ·5.25 V 
VSS 0 0 0 

Logic 1 Voltage, All Inputs VIH 2.2 - VCC+0.3 V 

Logic 0 Voltage, All Inputs VIL 0.3 - 0.65 V 

DC CHRACTERISTICS 
MCM51 L01-45 

MCM5101-65 MCM5101-BO Characteristic Symbol MCM51 L01-65 Unit 
Min Typl1 Max Min Typ(1 Max Min Typ(1) Max 

Input Current lin(2) - 5.0 - - 5.0 - - 5.0 - nA 

Input High Voltage VIH 2.2 - VCC+0.3 2.2 - VCC+0.3 2.2 - VCC+0.3 V 

Input Low Voltage VIL -0. - 0.65 -0.3 - 0.65 -0.3 - 0.65 V 

Output High Voltage IIOH = - 1.0 mAl VOH 2.4 - - 2.4 - - 2.4 - - V 

Output Low Voltage IIOL - 2.0 mAl VOL - - 0.4 - - 0.4 - - 0.4 V 

Output Leakage Current ILO(2) - - ±1.0 - - ± 1.0 - - ±2.0 pA 
(CE1 =2.2 V, VOL =0 V to VCC) 

Operating Current 
IVin=VCC, except CE1s0.65 V, ICC1 - 9.0 22 - 9.0 22 - 11 25 mA 
outputs open) 

Operating Current 
IVin=2.2 V, Except CE1s0.65 V, ICC2 - 13 27 - 13 27 - 15 30 mA 
outputs open) 

Standby Current ICCL(2l14) - - 10 - - 200 - - 500 pA 
(CE2s0.2 V, Vin=O V or VCC) 

CAPACITANCE If=1.0 MHz, TA=25DC, VCC=5 V periodically sampled rather than 100% tested) 

Characteristic 

Input Capacitance (Vin = 0 V) 

Output Capacitance (V out = 0 V) 

LOW VCC DATA RETENTION CHARACTERISTICS (Excluding MCM5101-BO) 

Parameter Test Conditions Symbol Min Typ(1) Max Unit 

V CC for Data Retention I VDR 2.0 - - V 

MCM51 L01-45, -65 Data Retention Current CE2s0.2 V I VDR-2.0 V ICCDR1 - 0.14 10 pA 

MCM5101-65 Data Retention Current I VDR=2.0 V ICCDR2 - 0.70 200 p.A 

Chip Deselect to Data Retention Time tCDR 0 - - ns 

Operation Recover Time tR tRC'~' - - ns 

Notes: 
1. Typical values are T A = 25DC and nominal supply voltage 
2. Current through all inputs and outputs included in ICCL measurement 
3. tRC= Read Cycle Time 
4. Low current state is for CE2=0 only 
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MCM5101 e MCM51L01 

LOW VCC DATA RETENTION WAVEFORM 

Supply 

Voltage 

(Vee) 

Chip Enoblo 

(CE2) 0 v 

TYPICAL ICCDR vs TEMPERATURE 

VC~ ~ 2L / CE2~0.2V 
I----- Vin'" 2.0 V VV 

V 

1.0 

1 

V 
/ 

1 
00 0 10 20 .30 40 50 60 70 

TEMPERATURE (OC) 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise notedl 

Input Pulse Levels .. . .. +0.65 V to 2.2 V Output Load.. . ....... 1 TTL Gate and CL ~ 100 pF 
Input Rise and Fall Times .. . ........... 20 ns Timing Measurement Reference Level.. . ....... 1.5 V 

READ CYCLE 
MCM51 LOl-55 

Parameter Symbol MCM51 LOl-45 MCM5101-55 MCM5101-60 Unit 
Min Max Min Max Min Max 

Read Cycle tRC 450 - 650 - 800 - ns 

Access Time tA - 450 - 650 - 800 ns 
-

Chip Enable ICEll to Output tCOl - 400 - 600 - 800 ns 

Chip Enable (CE21 to Output te02 - 500 - 700 - 850 ns 

Output Disable to Output too - 250 - 350 - 450 ns 

Data Output to High-Z State tDF a 130 0 150 0 200 ns 

Previous Read Data Valid with Respect to Address Change tOHl 0 - 0 - a - ns 

Previous Read Data Valid with Respect to Chip Enable tOH2 a - 0 - 0 - ns 

WRITE CYCLE 
MCM51 LOl-55 

Parameter Symbol MCM51 LOl-45 MCM5101-65 MCM5101-60 Unit 

Min Max Min Max Min Max 

Write Cycle twc 450 - 650 - 800 - ns 

Write Delay tAW 130 - 150 - 200 - ns 

Chip Enable (CE1) to Write tCWl 350 - 550 - 650 - ns 

Chip Enable (CE21 to Write tCW2 350 - 550 - 650 - ns 

Data Setup tow 250 - 400 - 450 - ns 

Data Hold tDH 50 - 100 - 100 - ns 

Write Pulse twp 250 400 450 ns 

Write Recovery tWR 50 - 50 - 100 - ns 

Output Disable Setup tDS 130 - 150 - 200 - ns 
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MCM5101eMCM51 L01 

READ CYCLE TIMING 

Address 

CE2 

00 
(Common 1/0)(1) 

Data 
Out 

WRITE CYCLE TIMING 

Address 

CE2 

00 
(Common 1/0)(2) 

Notes: 

Data 
In 

R/W 

V 

{ 

V 

1 
~ 

/ 
J -

tAW_ 

1. 00 may be tied low fdr separate 1/0 operation 

tRt .. 
'\V--
J[\.-. 

-tCOl - tOH1- I--
'\ / 

tOH2- 1--

"" tC02 

~ 
too 

tDF{ tA -

J,," Data Out Valid 

twc 

\r-
J~ 

t 
tCW1 

tCW2 

tDS --- tDH ..... ---V Data In Stable I 
Jr'\ 

"" ..-;: tow 
...... tWR..-

J 

twp 

2. During the write cycle, 00 is "high" for common 1/0 and "don't care" for separate 1/0 operation 
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® MOTOROLA 

12SxS-BIT STATIC RANDOM ACCESS MEMORY 

The MCM6810 is a byte-organized memory designed for use in bus
organized systems. It is fabricated with N-channel silicon-gate 
technology. For ease of use, the device operates from a single power 
supply, has compatibility with TTL and DTL, and needs no clocks or 
refreshing because of static operation. 

The memory is compatible with the M6800 Microcomputer Family, 
providing random storage in byte increments. Memory expansion is 
provided through multiple Chip Select inputs. 

• Organized as 128 Bytes of 8 Bits 
• Static Operation 
Q Bidirectional Three-State Data Input/Output 
CD Six Chip Select Inputs (Four Active Low, Two Active Highl 

• Single 5-Volt Power Supply 

• TTL Compatible 
• Maximum Access Time = 450 ns - MCM68lO 

360 ns - MCM68A 10 
250 ns - MCM68BlO 

MCM6810 RANDOM ACCESS MEMORY 

BLOCK DIAGRAM 

Memorv Address 
and Control 

Data 
Bus 

M6800 MICROCOMPUTER FAMILY 

BLOCK DIAGRAM 

Address Data 
Bus Bus 
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MCM6810 
(1.0 MHz) 

MCM68Al0 
(1.5 MHz) 

MCM68Bl0 
(2.0 MHz) 

MOS 
IN-CHANNEL, SILICON-GATE) 

128x8-BIT STATIC 
RANDOM ACCESS 

MEMORY 

rtfIff'J:.1 

;, ' . P SUFFIX 
J' PLASTIC PACKAGE 
1 CASE 709 

~. 
, ( 

« • L SUFFIX 
CERAMIC PACKAGE 

CASE 716 

~. 
S SUFFIX 

CERDIP PACKAGE 
CASE 623 

PIN ASSIGNMENT 

Gnd[~pvcC 
DO[ 2 23 PAO 

01[ 3 22 pAl 

02 4 21 pA2 

03! 5 20PA3 

04! 6 19 pA4 

05[ 7 18 pA5 

06! 8 17 pA6 

07[ 9 16 pR/W 

CSO[lO 15pCS5 
CSl[ 11 14 pCS4 

CS2[ 12 13 PCS3 

DS·9487R2/6·81 



MCM6810eMCM68A 10-MCM68B10 

MAXIMUM RATINGS 

Rating Symbol Value Unit 
Supply Voltage VCC -0.3 to +7.0 V 
Input Voltage Yin -0.3 to +7.0 V 
Operating Temperature Range TL to TH 

MCM68lO, MCM68A10, MCM68B10 TA o to +70 ·C 
MCM6810C, MCM68A10C -40 to +85 

Storage Temperature Range Tstg -65·to + 150 'c 

THERMAL CHARACTERISTICS 
. Characteristics Symbol Value Unit 

Thermal Resistance 
Ceramic 00 
Plastic 8JA 120 'C/W 
Cerdip 65 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J, in °c can be obtained from: 
TJ=TA+(PO·8JA) 

Where: 
TA-Ambient Temperature, °C 
8JA. Package Thermal Resistance, Junction-ta-Ambient, °C/W 
PO" PINT+ PPORT 
PINT=ICCxVCC, Watts - Chip Internal Power 
PPORTEPort Power Oissipation, Watts - User Oetermined 

ThiS device contains circuitry to protect the in
puts against damage due to high static voltages 
or electric lields; however, it is advised that nor
mal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages 
to this high impedance circuit. Reliability of 
operation is enhanced if unused inputs are tied to 
an appropriate logic voltage Ie. g., either VSS or 
VCC!. 

(1) 

For most applications PPORT<C PINT and can be neglected. PPORT may become significant if the device is configured to 
drive Oarlington bases or sink LEO loads. 

An approximate relationship between Po and T J (if PPORT is neglected) is: 
PO=K+(TJ+273°C) (2) 

Solving equations 1 and 2 for K gives: 
K=POeITA+273°C)+8JAeP0 2 (3) 

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Po (at equilibrium) 
for a known TA. Using this value of K the values of Po and T J can be obtained by solving equations (1) and.(2) iteratively for any 
value of T A-

OC ELECTRICAL CHARACTERISTICS IVCC=5.0 Vdc ±5%, VSs=O, TA=TL to TH unless otherwise noted) 

Characteristic Symbol Min Max Unit 
Input High Voltage VIH VSS+2.0 VCC V 
Input Low Voltage VIL VSS-0.3 VSS+0.8 V 
Input Current (An, R/W, CSn) (Vin = 0 to 5.25 V) lin - 2.5 "A 
Output High Voltage (JOH = - 205 "A) VOH 2.4 - V 

Output Low Voltage IIOL -1.6 rnA) VOL 0.4 V 
Output Leakage Current IThree-State) (CS=0.8 V or CS=2.0 V, Vout=O.4 V to 2.4 V) ITSI - 10 "A 
Supply Current 1.0 MHz 

ICC 
- BO 

rnA 
(V n-: = 5.25 V, All Other Pins Grounded) 1.5,2.0 MHz - 100 

Input Capacitance (An, R/W, CSn' CSn) (Vin=O, TA=25'C, f= 1.0 MHz) Cin - 7.5 pF 

Output Capacitance IDn) (Vout=O, TA=25'C, f=1.0 MHz, CSO=O) Cout - 12.5 pF 
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MCM6810-MCM68A10-MCM68810 

BLOCK DIAGRAM 

AD 23 
Al 22 
A2 21 
A3 20 
A4 19 
A5 18 
A6 17 

CS5 15 

CS4 14 

CS3 13 

CS2 12 

CSI 11 

CSO 10 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
READ CYCLE (VCC = 5.0 V '5%, VSS = 0, TA = TL to TH unless otherwi,e noted.) 

MCM6Bl0 

Characteristic Symbol Min Mox 

Read Cycle Time tcyc(RI 450 -
Access Time tace 450 

Address Setup Time 'AS 20 -
Address Hold Time tAH 0 -
Data Delay Time (Read) tDDR - 230 

Read to Select Delay Time tRCS 0 

Data Hold from Address tDHA 10 -
Output Hold Time tH 10 

Data Hold from Read tDHR 10 80 
Read Hold from Chip Select tRH 0 -

READ CYCLE TIMING 

2 DO 
3 01 
4 02 
5 03 
6 04 
7 05 
8 06 
9 07 

MCM6BA10 

Min Max 

360 -
360 

20 -
0 -
- 220 

0 -
10 -
10 -
10 60 
0 -

j4-------------tcycCRI-------------I-.j 

14-------- to« -------~~ 

Address 

cs 

14----tOOR-----~ 

R/W 

MCM6BB10 

Min Max Unit 

250 - n, 

250 n, 

20 - n, 

0 - n, 

- 180 n, 

0 - n, 

10 - n' 
10 n, 

10 60 n, 

0 - ns 

Data Out _____________ -.~~--------------"\ Je----------------------------JL 

NOTES: 
1. Voltage levels shown are VLSO.4 V, VH",2.4 V, unless otherwise specified. 
2. Measurement points shown are O.B V and 2.0 V, unless otherwise specified. 
3. CS and CS have same timing. 

~ "" DonOt Car. 

3-15 





MCM6810-MCM68A10-MCM68B10 

FIGURE 1 - AC TEST LOAD 

MM06150 
or Equiv. 

Test Point C>-...... -1_-+~ ... -+ 

5.0 V 

RL=2.5 kll 

130 pF· ;; 11.7 kll, MM07000 

,. or Equiv. 

·Includes Jig Capacitance 

ORDERING INFORMATION 

MCM68Al0CP 

Motorola Integrated Circuit =rTfJ 
M6600 Family -
Blanks= 1.0 MHz 
A= 1.5 MHz 
B=2.0 MHz 
Device Designation 
In M6600 Family 
Temperature Range _________ .J 

Blank=O'- + 70'C 
C= _40'_ +85'C 
Package --------------' 
P= Plastic 
S=Cerdip 
L=Ceramic 

BETTER PROGRAM 

Better program processing is available on all types listed. Add 
suffix letters to part number. 

Levell add "S" Level 2 add "0" Level 3 add "OS" 

Levell "S" = 10 Temp Cycles - 1- 25 to 150'CI; 
Hi Temp testing at TA max. 

Level 2 "0" = 168 Hour Burn-in at 125'C 
Level 3 "OS" = Combination of Levelland 2. 

Speed Device Temperature Range 

1.0 MHz 
MCM6810P,L,S Oto +70'C 

MCM6810CP,CL,CS -40 to +85'C 

1.5 MHz 
MCM68Al0P,L,S o to + 70'C 

MCM68Al0CP,CL,CS -40 to +85'C 

2.0 MHz MCM68Bl0P ,L,S o to + 70'C 
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® MOTOROLA 

4096-BIT STATIC RANDOM ACCESS MEMORY 

The MCM2114 is a 4096-bit random access memory fabricated with 
high density, high reliability N-channel silicon-gate technology. For ease 
of use, the device operates from a single power supply, is directly com
patible with TTL and DTL, and requires no clocks or refreshing because 
of fully static operation. Data access is particularly simple, since address 
setup times are not required. The output data has the same polarity as 
the input data. 

The MCM2114 is designed for memory applications where simple in
terfacing is the design objective. The MCM2114 is assembled in 18-pin 
dual-in-line packages with the industry standard pin-out. A separate 
chip select (S') lead allows easy selection of an individual package when 
the three-state outputs are OR-tied. 

The MCM2114 series has a maximum current of 100 mAo Low power 
versions (i .e., MCM21 L 14 series) are available with a maximum current 
of only 70 mAo 

• 1024 Words by 4-Bit Organization 

• Industry Standard lB-Pin Configuration 

• Single + 5 Volt Supply 
• No Clock or Timing Strobe Required 

• Fully Static: Cycle Time = Access Time 

• Maximum Access Time 
MCM2114-20/MCM21 L 14-20200 ns 
MCM2114-25/MCM21L14-25250 ns 
MCM2114-30/MCM21 L 14-30300 ns 
MCM2114-45/MCM21L14-45450 ns 

• Fully TTL Compatible 

• Common Data Input and Output 

• Three-State Outputs for OR-Ties 

• Low Power Version Available 

BLOCK DIAGRAM 

15 
A9 

3 
A4 

A5 

A6 
17 

A7 
16 

AS 

14 
OQl 

OQ2 '3 

Memory Array 
64 Row 

64 Columns 

AO A1 A2 A3 

Vee = Pin 18 

Vss == Pin 9 
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MCM2114 
MCM21L14 

MOS 
IN-CHANNEL, 51 LICON-GATE) 

4096-BIT STATIC 
RANDOM ACCESS 

MEMORY 

~ •• u". ~W1rO] ij ~ P~STlC PACKAGE 

CASE 707 

~" CERAMIC PACKAGE 
CASE 680 

PIN ASSIGNMENT 

A6 ~~VCC 
A5 2 17 A7 

A4 3 16PAB 

A3 4 15 pA9 

AD 5 14POQl 

All 6 13 POQ2 

A2J 7 12 pOQ3 

~J8 llPOQ4 

VSS 9 lOpW 

PIN NAMES 

AD-A9........... .. .......... Address Input 
iN .... _ ........................... Write Enable 
S ..................................... Chip Select 
OQ1-0Q4 ................ 0ata Input/Output 
VCC ............................. Power 1+5 V) 
VSS ...................................... Ground 

OS9800/1-79 



MCM2114Q MCM21 L 14 

ABSOLUTE MAXIMUM RATINGS ISee Notel 

Rating Value Unit 

Temperature Under Bias - 10 to + 80 "C 

Voltage on Any Pin With Respect to VSS -0.5 to + 7.0 V 

DC Output Current 5.0 mA 

Power Dissipation 1.0 Watt 

Operating Temperature Range o to + 70 "C 

Storage Temperature Range -65 to + 150 "C 

NOTE Permanent device damage may occur If ABSOLUTE MAXIMUM RATINGS are ex
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT· 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability 

ThiS device contains circuitry to protect 

the Inputs against damage due 10 high 
static voltages or electriC fields; however, 
it IS advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-Impedance circuit. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 

RECOMMENDED DC OPERATING CONDITIONS 

Paraml:!ter Symbol 

Supply Voltage VCC 
VSS 

Logic 1 Voltage, All Inputs VIH 

Logic a VOltage, All Inputs VIL 

DC CHARACTERISTICS 

Parameter Symbol 
MCM2114 

Min Typ Max 

Input Load Current (All Input Pins, Vln = a to 5.5 V) III - .- 10 

110 Leakage Current IS~2.4 V, VOQ~O.4 V to VCCI IILOI - - 10 
Power Supply Current IV,n~5.5 V, 10Q-0 mA, TA~25°CI ICCl - 80 95 

Power Supply Current {Vin=5.5 V, 10Q~0 mA, TA~O°CI ICC2 - - 100 

Output Low Current VOL = 0.4 V IOL 2.1 6.0 -

Output High Current VOH = 2.4 V 10H - -1.4 -1.0 

NOTE: Duration not to exceed 30 seconds 

CAPACITANCE If ~ 1.0 MHz, T A ~ 25"C, periodically sampled rather than 100% testedl 

Characteristic 

Input Capacitance (Vin = 0 VI 

Input/Output Capacitance IVDQ~O VI 

Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation C = I~t/ d V 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating vollage and temperature unless otherWise noted.) 

Min Typ Max Unit 

4.75 5.0 5.25 
V 

0 0 0 

2.0 - 6.0 V 

-0.5 _. 08 V 

MCM21L14 

Min Typ Max 
Unit 

- -- 10 ~A 
- - 10 ~A 

- - 65 mA 

- - 70 mA 

2.1 6.0 - mA 

- -1.4 -1.0 mA 

Input Pulse Levels .0.8 Volt to 2.4 Volts 
Input Rise and Fall Times .10 ns 

Input and Output Timing Levels 
Output Load 

.1.5 Volts 
1 TTL Gate and CL ~ 100 pF 

READ (NOTE 1) WRITE (NOTE 2) CYCLES 

MCM2114-20 

Parameter Symbol MCM21 L 14-20 
Min Max 

Address Valid to Address Don't Care tAVAX 200 -

Address Valid to Output Valid tAVQV - 200 

Chip Select Low to Data Valid tSLQV - 70 

Chip Select Low to Output Don'l Care tSLQX 20 -

Chip Select High to Output High Z tSHQZ - 60 

Address Don't Care to Output High Z tAXQZ 50 -

Write Low to Write High tWLWH 120 -

Write High to Address Don't Care tWHAX 0 -

Write Low to Output High Z tWLQZ - 60 

Data Valid to Write High tDVWH 120 -

Write High to Data Don't tWHDX 0 -

NOTES· 1. A Read occurs during the overlap of a low S and a high W. 
2. A Write occurs during the overlap of a low S and a low W. 
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MCM2114-25 MCM2114-30 MCM2114-45 

MCM21 L 14-25 MCM21 L14-30 MCM21 L14-45 Unit 

Min Max Min Max Min Max 

250 - 300 - 450 - ns 

- 250 - 300 - 450 ns 

- 85 - 100 - 120 ns 

20 - 20 - 20 - ns 

- 70 - 80 - 100 ns 

50 - 50 - 50 - ns 

135 - 150 - 200 - ns 

0 - 0 - 0 ns 

- 70 - 80 - 100 ns 

135 - 150 - 200 - ns 

0 - 0 - 0 - ns 



MCM2114.MCM21 L 14 

READ CYCLE TIMING (W HELD HIGH) 

14-------tAVAX:---------t~ 

~-----tAVQV-----~ 

Address 

Q 

WRITE CYCLE TIMING (NOTE 3) 

1~~ __ -----tAVAX-----~~ 

Address 

w 

Q 

o 
~'"~"~""~ 

3. tf the ~ low transition occurs simultaneously with the Wlow transition, the output buffers remain in a high-impedance state. 

WAVEFORMS 

Waveform Input Output 
Symbol 

MUST BE WILL BE 
VALlO VALID 

~ 
CHANGE WILL CHANGE 

FROM H TO L FROM H TO L 

-1ZZllT CHANGE WILL CHANGE 
FROM l TO H FROMLTOH 

7lllll. 
DON'T CARE. CHANGING. 
ANY CHANGE STATE 
PERMITTED UNKNOWN 

=>- HIGH 
IMPEDANCE 
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MCM2114.MCM21 L 14 

TYPICAL CHARACTERISTICS 

SUPPLY CURRENT versus SUPPLY VOLTAGE 

BO 

'i' 75 .s 
~ .--f---
~ 
~ 

=> 70 u 

~ 

~ 
~ 65 

-f----...-----
60 

4.5 4.15 5.0 5.15 5.5 
VCC, SUPPLY VOLTAGE IVOLTS) 

OUTPUT SOURCE CURRENT versus OUTPUT VOL TAGE 

8. 

7. 

6. 

'i' 

~ 5. 

~ 
~ 

" u 
w 

~ 4. 
o 

~ 
o 3 
~ . 

0 

0 

0 

0 

0 

0 

2.0 

1.0 

o 
1.0 

1\ 
\ 
\ 
\ 
\ 

\ 
\ 
\ 
\ 

\ 
\ 

"\ 
1.0 3.0 4.0 5.0 6.0 

VOH. OUTPUT VOLTAGE (VOLTS) 
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SUPPLY CURRENT versus AMBIENT TEMPERATURE 

75 

~ 70 

.s ... 
" ~ 65 
~ 

=> 
u i 60 

............. 
........... 

........ , 
'\"--.. 
~ 

............. 

~ 55 ............. 

- ---f-----

5 0 
o 20 40 60 80 

T A, AMBIENT TEMPERATURE IOC) 

OUTPUT SINK CURRENT versus OUTPUT VOLTAGE 

9.0 r-

/ 
8.0 

7.0 L 
/ 

6.0 
'i 
.s 
~ 
~ 5.0 ~ 

/ 

/ 
=> 
u 

'" " ~ ... 
4.0 => 

~ ... 
=> 
0 

-' 
0 

3.0 

2.0 

/ 
V 

/ 
V 

1.0 .L 

J o 
o 0.1 0.2 0.3 0.4 0.5 0.6 

VOL, OUTPUT VOLTAGE IVOLTS) 



MCM2114-MCM21 L 14 

NORMALIZED ACCESS TIME versus TEMPERATURE TYPICAL ACCESS TIME versus TEMPERATURE 

1. 0 

5 

0 

5 

0.1 5 
o 20 

/ 
V 

/' 
./ 

V 
V 

40 60 80 
TA. TEMPERATURE lOCI 

] 
w 

'" ;:: 

170 

160 

~ 15 0 

" j. 
14 \ ........... 
13 0 

20 

/ 
/ 

./ 
V 

./ 
V 

L 
V 

40 60 

TA. TEMPERATURE lOCI 

MCM2114/MCM21l14 BIT MAP 

PIN 1 

o 
1023 0( 1008 1023 0( 1008 
1007 1007 

D03 IPIN NO. 121 D041PIN NO. 111 

16 16 
15 0( 0 15 0( 0 

1023 0( 1008 
1007 

DOl IPIN NO. 141 

16 
15 0( 0 

1023 0( 

1007 

PIN 18 

Vec o 
1008 

D02 !PIN NO. 131 

16 
15 0( 0 

v 

80 

To determine the precise location on the die of a word in memory, reassign address numbers to the address pins as 
in the table below. The bit locations can then be determined directly from the bit map. 

REASSIGNED REASSIGNED 
PIN NUMBER ADDRESS NUMBER PIN NUMBER ADDRESS NUMBER 

A6 6 A1 
AS 7 A2 
A4 15 A9 

4 A3 16 AS 
5 AO 17 A'i 
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® MOTOROLA 

AO 

A1 

A2 

A6 

A7 

A8 

D 

4096-BIT STATIC RANDOM ACCESS MEMORY 

The MCM2147 is a 4096-bit static random access memory 
organized as 4096 words by 1-bit using Motorola's N-channel silicon
gate MOS technology. It uses a design approach which provides the 
simple timing features associated with fully static memories and 
the reduced standby power associated with semi-static and dynamic 
memories. Th is means low standby power without the need for 
clocks, nor reduced data rates due to cycle times that exceed access 
times. 

E controls the power-down feature. It is not a clock but rather 
a chip select that affects power consumption. In less than a cycle 
time after E goes high, deselect mode, the part automatically reduces 
its power reg:uirements and remains in this low-power standby mode 
as long as E remains high. This feature r.esults in system power 
savings as great as 85% in larger systems, where most devices are 
deselected. The automatic power-down feature causes no perfor
mance degradation. 

The MCM2147 is in an 18 pin dual in-line package with the 
industry standard pinout_ It is TTL compatible in all respects. The 
data out has the same polarity as the input data. A data input and 
a separate three-state output provide flexibility and allow easy 
OR-ties . 

.. Fully Static Memory - No Clock or Timing Strobe Required 

.. Single +5 V Supply 

.. High Density 18 Pin Package 

o Automatic Power-Down 

.. Directly TTL Compatible-All Inputs and Outputs 

• Separate Data Input and Output 

.. Three-State Output 

.. Access Time - MCM2147-55 = 55 ns max 
MCM2147-70 = 70 ns max 
MCM2147-85 = 85 ns max 
MCM2147-100 = 100 ns max 

17 

16 

15 

11 

BLOCK DIAGRAM 

Row 

Select 

o 

.. 
o 

Memory Array 

64 Row 
64 Columns 

Column I/O Circuits 

Vee = Pin 18 

"SS=Pin9 

W:8~==~~--------------------i-~~-r~r--r--r-------~ 
A3 A4 A5 A9 A lOA 11 
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MCM2147 

MOS 
IN-CHANNEL, SILICON-GATE) 

4096-BIT STATIC 
RANDOM ACCESS 

MEMORY 

C SUFFIX 
FRIT-SEAL 

CERAMIC PACKAGE 

E 
H 

L 

L 

PIN ASSIGNMENT 

AO 'ii\-/1s Vee 

Al 

A2 

A3 

A4 

A5 

Q 

17 A6 

16 A7 

15 AS 

14 A9 

13 Al0 

12 All 

W 11 0 

Vss 10 E 

AD-All. 
W 
L 
0_. 
0 .. 
Vee· 
vss .. 

W 

PIN NAMES 

..... Address Input 

...... Write Enable 
........ Chip Enable 
...... Data Input 
...... Data Output 
.... Power 1+5 VI 

... Ground 

TRUTH TABLE 

Mode Output Power 

X Not Selected High Z Standby 

L Write High Z Active 

H Read Data Out Active 

089821110-80 



MCM2147 

ABSOLUTE MAXIMUM RATINGS (See Notel 

Rating Value Unit 

Temperature Under Bias -10 to +85 °c 

Voltage on Any Pin With Respect to V CC -0.5 to +7.0 Vdc 

DC Output Current 20 mA 

Power Dissipation 1.0 Watt 

Operating Temperature Range o to +70 °c 

Storage Temperature Range -65 to +150 °c 

Note: Permanent device damage may occur if ABSOLUTE MAX IMUM 
RATINGS are exceeded. Functional operation should be restricted 
to RECOMMENDED OPERATING CONDITIONS. Exposure to 
higher than recommended voltages for extended periods of time could 
affect device reliability. 

This device contains circuitry to protect the 
inputs against damage due to high static voltages 
or electric fields; however, it is advised that 
normal precautions be taken to avoid applica
tion of any voltage higher than maximum rated 
voltages to this high-impedance circuit. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
IFull operating voltage and temperature range unless otherwise notedl 

RECOMMENDED OPERATING CONDITIONS 
Parameter 

Supply Voltage 

Logic 1 Voltage, All Inputs 

Logic 0 Voltage, All Inputs 

DC CHARACTERISTICS 

MCM2147-55 MCM2147-70 

Paramatar Symbol Min Typ Max Min 

Input Load Current IlL - 0.01 10 -
IAII Input Pins, Vin = 0 to 5.5 VI 

Output Leakage Current IOL - 0.1 50 -
(J:a 2.0 V, Vout = 0 to 5.5 VI 

Power Supply Current ICCl - 120 170 -
IE= VIL, Outputs Open, TA = 250 Cl 

Power Supply Current ICC2 - - 180 -
IE= VIL, Outputs Open, TA = OOCI 

Standby Current IS8 - 15 30 -
IE=VIHI 

Input Low Voltage VIL -0.3 - 0.8 -0.3 

Input High Voltage VIH 2.0 - 6.0 2.0 

Output Low Voltage VOL - - 0.4 -
UOL =8.0mAI 

Output High Voltage VOH 2.4 - - 2.4 
UOH = -4.0 mAl 

TYPical values are for T A = 25°C and V CC = + 5.0 V. 

CAPACITANCE 
(f = 1.0 MHz, TA = 25°C, periodically sampled rather than 100% tested. I 

Characteristic Symbol Max Unit 

Input Capacitance (V in = 0 VJ Cin 5.0 pF 

Output Capecitance (Vout = 0 VI Cout 10 pF 

Capacitance measured with a Boonton Meter or eff,ective capacitance calculated 

I.o.t 
from the equation: C = 4 V . 
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Typ Max 

0.01 10 

0.1 50 

100 150 

- 160 

10 20 

- 0.8 

- 6.0 
~ 0.4 

- -

Symbol Min Typ Max Unit 

Vee 4.5 5.0 5.5 V 
VSS a 0 0 

VIH 2.0 - Vec V 

VIL -0.3 - O.B V 

MCM2147-B5 MCM2147-100 

Min 

-

-
-

-

-

-0.3 

2.0 

-

2.4 

Typ 

0.01 

0.1 

95 

-

15 

-
-
-

-

Max Min Typ Max Unit 

10 - 0.01 10 I'A 

50 - 0.1 50 I'A 

130 - 90 110 mA 

140 - - 120 mA 

25 - 10 20 mA 

0.8 -0.3 - 0.8 V 

6.0 2.0 - 6.0 V 

0.4 - - 0.4 V 

- 2.4 - - V 

FIGURE 1 - OUTPUT LOAD 

Vee 

510 

a--.... ----+ 
300 

30 pF 
(Including 
scope and jig) 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise noted) 

Input Pulse Levels .. 
Input Rise and Fall Times ... 

......... 0 Volt to 3.5 Volts 
.. ......... 10 ns 

READ, WRITE CYCLES 

Parameter Symbol 

Address Valid to Address Don't Care 
(Cycle Time When Chip Enable is Held Active) tAVAX 

Chip Enable Low to Chip Enable High tELEH 
Address Valid to Output Valid (Access) tAVOV 

tELOV1" Chip Enable Low to Output Valid (Access) 
tELOV2" 

Address Valid to Output Invalid tAVOX 
Chip Enable Low to Output Invalid tELOX 
Chip Enable High to Output High Z tEHOZ 
Chip Selection to Power Up Time tpu 
Chip Deselection to Power-Down Time tpD 
Address Valid to Chip Enable Low 

tAVEL (Address Setup) 

Chip Enable Low to Write High tELWH 
Address Valid to Write High tAVWH 
Address Valid to Write Low (Address Setup) tAVWL 
Write Low to Write High (Write Pulse Width I tWLWH 
Write High to Address Don't Care tWHAX 
Data Valid to Write High tDVWH 
Write High to Data Don't Care lData Hold) tWHDX 
Write Low to Output High Z tWLOZ 
Write High to Output Valid tWHOV 

Input and Output Timing Levels.. . .............................. 1.5 Volts 
Output Load.. . .......... See Figure 1 

MCM2147-55 MCM2147-70 MCM2147-85 MCM2147-1oo 
Unit 

Min Max Min Max Min Max Min Max 

55 - 70 - 85 - 100 - ns 

55 - 70 - 85 - 100 - ns 

- 55 - 70 - 85 - 100 ns 

- 55 - 70 - 85 100 ns 

65 80 95 110 ns 

10 - 10 - 10 - 10 - ns 

10 - 10 - 10 - 10 - ns 

0 40 0 40 0 40 0 40 ns 

0 0 0 0 ns 

0 30 0 30 0 30 0 30 ns 

0 - 0 - 0 - 0 - ns 

45 - 55 - 70 - 80 - ns 

45 - 55 - 70 - 80 - ns 

0 - 0 - 0 - 0 - ns 

35 - 40 - 55 - 65 - ns 

10 - 15 - 15 - 15 - ns 

25 - 30 - 45 55 ns 

10 - 10 - 10 - 10 - ns 

0 30 0 35 0 45 0 50 ns 

0 - 0 - 0 - 0 - ns 

*tELQV1 is access from chip enable when the 2147 IS deselected for at least 55 ns prior to this cycle. tELOV2 IS access from chip enable for 

o ns <... deselect time < 55 ns. If deselect time"" 0 ns, then tELQV = tAVQV. 

TIMING PARAMETER ABBREVIATIONS 

t X X X X 

.,,0" o,m. 'com w,;" 'o.m". """,-, I II 
transition direction for first signal 

signal name to which interval is defined 

transition direction for second signal 

The transition definitions used in this data sheet are: 

H = transition to high 

L = transition to low 

V = transition to valid 

X = transition to invalid or don't care 

Z = transition to off (high impedance) 
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TIMING LIMITS 

The table of timing values shows either a minimum or 

a maximum limit for each parameter. Input requirements 

are specified from the external system point of view. 

Thus, address setup time is shown as a minimum since the 

system mu,t supply at least that much time (even though 

most devices do not require it). On the other hand, 

responses from the memory are specified from the device 

point of view. Thus, the access time is shown as a maxi
mum since the device never provides data later than 

that time. 
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READ CYCLE TIMING 1 ~.--------- 'AVAX 
IE Held Low) 

ADDRESS 

----------- 'AV~~~----~ 
l-----V,H 

'---------- V I L 

o (Data au tl-------P=-'-e-v ':""o-u-, ::D-a'-a-:V:""a-:I-:'d:----~i7'7V'l"n:7J,,---------------::D-a-'a:""V:--al-:-id:------------ V D H 
----------~~~~~--~~~~~------------~~~-----------VDL 

READ CYCLE TIMING 2 -=:j r--- 'AVEL 

ADDRESS 'I. ex ()G1I: Address Valid 

tELEH 

i"---'ELQX--.j 
- 'EHQZr--

Q (Data out) Data Valid 

Vee 
Supply 
Current 

~ I }High Z High Z 

II~~ _____ ~ _ :~ [= ____________ --1 ___ 'P_D_[ 

NOTE: IN is high for Read Cycles. 

WRITE CYCLE TIMING 

tAVAX 

---,. 
ADDRESS -

·1 tELWH 

ffi ~ HI III III II IIII I, 

tAvWH ---. "'1 tWHAX 
!----'AVWL twLWH 

Data out = Data in 

WAVEFORMS 

Waveform Input Output 
Symbol 

MUST BE WILL BE 

VALID VALID 

~ 
CHANGE WILL CHANGE 

FROM H TO L FROM HTO L 

JZ!llT CHANGE WILL CHANGE 
FROM L TOH FROM L TO H 

llllll. 
DON'T CARE: CHANGING: 
ANY CHANGE STATE 
PER~ITTED UNKNOWN 

~ 
HIGH 

IMPEDANCE 
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DEVICE DESCRIPTION 

The MCM2147 is produced with a high-performance 

MOS technology which combines on-chip substrate bias 
generation with device scaling to achieve high speed. 

The speed-power product of th is process is "bout four 

times better than earlier MOS processes. 
This gives the MCM2147 its high speed, low power and 

ease-of-use. The low-power standby feature is controlled 
with the E input_ E is not a clock and does not have to 
be cycled. This allows the user to tie E directly to system 

addresses and use the line as part of the normal decoding 

logic. Whenever the MCM2147 is deselected, it auto
matically reduces its power requirements_ 

SYSTEM POWER SAVINGS 

The automatic power-down feature adds up to signi

ficant system power savings. Unselected devices draw low 
standby power and only the active devices draw active 
power. Thus the average power consumed by a device 

declines as the system size increases, asymptotically 
approacning the standby power level as shown in Figure 2. 

The automatic power-down feature is obtained without 
any performance degradation, since access time from chip 
enable is ,;;; access time from address valid. Also the fully 
static design gives access time equal cycle time so multiple 

read or write operations are possible during a single select 
period. The resultant data rates are 14.3 MHz and 18 MHz 
for the MCM2147-70 and MCM2147-55 respectively_ 

DECOUPLING AND BOARD LAYOUT 
CONSIDERATIONS 

The power switching characteristic of the MCM2147 

requires careful decoupling. It is recommended that a 
0.1 J.lF to 0.3 flF ceramic capacitor be used on every 
other device, with a 22 /IF to 47 /IF bulk electrolytic 
decoupler every 16 devices. The actual values to be used 

will depend on board layout, trace widths and duty cycle. 
Power supply gridding i> recommended for PC board 

layout. A very satisfactory grid can be developed on 
a two-laver board with vertical traces on one side and 

horizontal traces on the other, as shown in Figure 3. 
If fast drillers are used, terminations are recommended 

on input signal lines to the MCM2147 because significant 
reflections are possible when driving their high impedance 
inputs. Terminations may be required to match the 

impedance of the line to the driver. 
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FIGURE 2 - AVERAGE DEVICE DISSIPATION 
versus MEMORY SIZE 

IS8 '-'-----,1cc---~c-------.,,-:_:' 
4~ 8K 16K 32K 64K 

MEMORY SIZE IN WORDS 

FIGURE 3 - PC LAYOUT 
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Advance InforIllation 

4096-BIT STATIC RANDOM ACCESS MEMORY 
The MCM65147 is a 4096-bit static Random Access Memory organiz

ed as 4096 words by l-bit, fabricated using Motorola's high perfor
mance CMOS silicon gate technology (HCMOSl. It uses a design ap
proach which provides the simple timing features associated with fully 
static memories and the reduced power associated with CMOS 
memories. This means low power without the need for clocks, nor 
reduced data rates due to cycle times that exceed access times. 

Chip enable (E) controls the power-down feature. It is not a clock, 
but rather a chip c0ntrol that affects power consumption. After ~ goes 
high, initiating deselect mode, the part automatically reduces its power 
requirements and remains in this low-power standby mode as long as E 
remains high. 

The MCM65147 is in an la-pin dual in-line package with the industry 
standard pinout. It is TTL compatible in all respects. The data out has 
the same polarity as the input data. A data input and a separate three
state output provide flexibility and allow easy OR-ties. 

• Single + 5 V Supply 
• Fully Static Memory - No Clock or Timing Strobe Required 

17 

• Maximum Access Time 
MCM65147-55= 55 ns 
MCM65147-70=70 ns 

• Automatic Power Down 
• Low Power Dissipation 

75 mW Typical (Active) 
125".W Typical (Standby) 

• Low Standby Power Version Available 
• Directly TTL Compatible - All Inputs and Output 
• Separate Data Input and Three-State Output 
• Equal Access and Cycle Time 
• High Density lB-Pin Package 

BLOCK DIAGRAM 

Row 
Select 

• Memory Array 

64 Row 

64 Columns 
16 

• 
• 

15 

11 

A3 A4 A5 A9A10A11 

Vee:= Pin 18 

VSS=Pin9 

This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MCM65147 

CMOS 
(COMPLIMENTARY MOS) 

4,096 X 1 BIT 
STATIC RANDOM 
ACCESS MEMORY 

P SUFFIX 
PLASTIC PACKAGE 

CASE 707 

CSUFFIX _-
FRIT-SEAL CERAMIC PACKAGE . 

CASE 726 

PIN ASSIGNMENTS 

":O[f1i\.-.J18 VCC 
A1[ 2 

A2[ 3 

A3[ 4 

A4[ 5 

A5[ 6 

O[ 7 

W[ 8 

VSS[ 9 

17 A6 

16 A7 

15 AS 

14 A9 

13 Al0 

PIN NAMES 

AD-A 11 ...... Address 
E............ ...Chip Enable 
D .......................................... Dala In 
O ........................................ Dala Oul 
IN....... .. .... Wrile 
VCC ........ .. ....... Power(+5VI 
VSS ..................................... Ground 

Motorola reserves the right to make changes to any product 
herein to improve reliability, function or deSign. Motorola 
does not assume any liability arising out of the application or 
use of any product or circuit described herein; neither does 
it convey any license under its patent rights nor the rights of 
others. 

ADI-880/1-82 
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ABSOLUTE MAXIMUM RATINGSISee notel 

Rating Value Unit 

Temperature Under Bias 10 to +85 °c 

Voltage on Any Pin with Respect to VCC -0.5 to + 7.0 V 

Power Dissipation 1.0 Watt 

Operating Temperature Range o to + 70 °c 

Storage Temperature Range -65 to + 150 °c 

NOTE: 
Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPERAT
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vce 4.5 5.0 5.5 
V 

VSS 0 0 0 

Logic 1 Voltage, All Inputs VIH 2.0 - 6.0 V 

Logic 0, Voltage, All Inputs VIL -0.3 - 0.8 V 

DC CHARACTERISTICS 

MCM65L147-55 MCM65147-55 MCM55L 147-70 MCM65147-70 
Unit Parameter Symbol 

Min Typ· Max Min Typ· Max Min Typ· Max Min Typ· Max 

Input Load Current 
IlL - 0.01 1.0 - 0.01 1.0 - 0.01 1.0 - 0.01 1.0 ~A 

IAII Input Pins, Yin ~ 0 to 5.5 VI 

Output Leakage Current 
IOL - 0.1 1.0 - 0.1 1.0 - 0.1 1.0 - 0.1 1.0 ~A 

IE~2.0 V, Vout~O to 5.5 VI 

Power Supply Current 
ICCl - 15 35 - 15 35 - 15 35 - 15 35 mA 

IE~ VIL, Output Openl 

Standby Current IE~VIHI ISBl - 5 12 - 5 12 - 5 12 - 5 12 mA 

Standby Current It - V CC - 0.2 VI 
ISB2 - 25 100 - 200 

10.2 V~Vin~VCC-0.2 VI 
800 - 25 100 - 200 800 ~A 

Input Low Voltage VIL -0.3 - 0.8 -0.3 - 0.8 -0.3 - 0.8 -0.3 - 0.8 V 

Input High Voltage VIH 2.0 - 6.0 2.0 - 6.0 2.0 - 6.0 2.0 6.0 V 

Output Low Voltage 
VOL - - 0.4 - - 0.4 - - 0.4 - - 0.4 V 

IIOL ~ 12.0 mAl 

Output High Voltage"" 
VOH 2.4 - - 2.4 -

IIOH ~ - 8.0 mAl 
- 2.4 - - 2.4 - - V 

"TYPical values are for T A ~ 25°C and VCC ~ + 5.0 V . 

... Also, output voltages are compatible with Motorola's new High-Speed CMOS Logic Family, if the same power supply voltage is used. 

Characteristic 

Input Capacitance (Vin = 0 V) 

Output Capacitance IVout~O VI 

Capacitance measured with a Boonton Meter or effective capacitance calculated from the 
equation: C ~ Ill t/ Il V. 
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FIGURE 1 - OUTPUT LOAD 

VCC 

300 

510 

30 pF 
IIncluding 
scope and jigl 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise noted! 

Input Pulse Levels ......................................... 0 Volt to 3.5 Volts 
Input Rise and Fall Times ................................................ 10 ns 

READ WRITE CYCLES 

Parameter 

Address Valid to Address Don't Care 
(Cycle Time when Chip Enable is Held Active! 

Chip Enable Low to Chip Enable High 

Address Valid to Output Valid (Access! 

Chip Enable Low to Output Valid (Access! 

Address Valid to Output Invalid 

Chip Enable Low to Output Invalid 

Chip Enable High to Output High Z 

Chip Selection to Power-Up Time 

Chip DesaleClion to Power-Down Time 

Address Valid to Chip Enable Low (Address Setup! 

Chip Enable Low to Write High 

Address Valid to Write High 

Address Valid to Write Low (Address Setup! 

Write Low to Write High (Write Pulse Width! 

Write High to Address Don't Care 

Data Valid to Write High 

Write High to Data Don't Care (Data Hold! 

Write Low to Output High Z 

Write High to Output Valid 

TIMING PARAMETER ABBREVIATIONS 
t X X X X 

signal name from which interval is defined --.J I II 
transition direction for first signal 

signal name to which interval is defined 
transition direction for second signal 

The transition definitions used in this data sheet are: 
H = transition to high 
L = transition to low 
V = transition to valid 
X = transition to invalid or don't care 
Z = transition to off (high impedancel 

Input and Output Timing Levels ........................ 0.8 and 2.0 Volts 
Output Load ........................ ... ........... .., ,See Figure 1 

Symbol 
MCM66147-56 MCM66147-70 

Unit 
Min Max Min Max 

tAVAX 55 - 70 - ns 

tELEH 55 - 70 - ns 

tAVOV - 55 - 70 ns 

tELOV - 55 - 70 ns 

tAVQX 5 - 5 - ns 

tELQX 10 - 10 - ns 

tEHQ7 0 40 0 40 ns 

tpu 0 - 0 - ns 

tPD 0 30 0 30 ns 

tAVEL 0 0 ns 

tELWH 45 - 55 - ns 

tAVWH 45 - 55 - ns 

tAVWL 0 - 0 - ns 

tWLWH 35 - 40 - ns 

tWHAX 10 - 15 - ns 

tDVWH 25 - 30 - ns 

tWHDX 10 - 10 - ns 

tWLOZ 0 30 0 35 ns 

tWHOV 0 - 0 - ns 

TIMING LIMITS 
The table of timing values shows either a minimum or a 

maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus, ad
dress setup time is shown as a minimum since the system 
must supply at least that much time (even though most 
devices do not require itl. On the other hand, responses from 
the memory are specified from the device point of view. 
Thus, the access time is shown as a maximum since the 
device never provides data later than that time~ 
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Address 
VIH 

VIL 

VOH 
o IData Oull 

VOL 

VIH 
Address 

VIL 

E VIH 

VIL 

VOH 
o lData Oull 

VOL 

Vee lee 
Supply 

ISB Current 

Address 

o IData Inl 

READ CYCLE TIMING 1 
IE Held Low) 

t= tAVAX 

-----....... ~ 'A,,:A~---... -tl 
Previous Data Valid 

READ CYCLE TIMING 2 

.=j -tAVEL 

I'XX,,/,N1. Address Valid 

tELEH 

1-
Data Valid 

tELOV - tEHOZ r-I--- tELOX ----f 
-------:-- High Z Q Data Valid >- High Z 

-----~ - :"_r::~~~_-_-_--l--=--=-tPD t 
NOTE' ijj is high for Read Cycles 

WRITE CYCLE TIMING 

tAVAX 

-
tELWH -I 

~ ~ -1-11111111 IIIIIII 

I: 

o IData Outl VOH 

VOL 

Data Out= Data In 
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Advance InforIllation 

4096-BIT STATIC RANDOM ACCESS MEMORIES 

The MCM6641 series 4096 x 1-bit Random Access Memory is 
fabricated with high density, high reliability N-channel silicon-gate 
technology. For ease of use, the device operates from a single 5-volt 
power supply, is directly compatible with TTL and DTL, and requires no 
clocks or refreshing because of fully static operation. The fully static 
operation allows chip selects to be tied low, further simplifying system 
timing. Data access is particularly simple, since address setup times are 
not required. The output data has the same polarity as the data input. 

The MCM6641 is designed for memory applications where simple in
terfacing is the design objective, and is assembled in 18-pin dual-in-line 
packages with the industry standard pin-outs. 

• Single ± 10% + 5 V Supply 
• Fully Static Operation - No Clock, Timing Strobe, Pre-Charge, or 

Refresh Required 

• Industry Standard 18-Pin Configuration 

• Fully TTL Compatible 
• Common Data Input and Output Capability 
• Three-State Outputs for OR-Tie Capability 

• Power Dissipation MCM6641 Less Than 550 mW (Maximuml 
MCM66L41 Less Than 385 mW (Maximuml 

• Standby Power Dissipation Less Than 125 mW (Typicall 

• Plug-In Replacement For TM S4044 

MAXIMUM ACCESS TIME/MINIMUM CYCLE TIME 

MCM6641·20 
200 ns 

MCM6641·30 
MCM66L41·20 MCM66L41·30 

MCM6641·25 
250 ns 

MCM6641·45 
MCM66L41·25 MCM66L41·45 

BLOCK DIAGRAM 

AO------~.-~----~ 

Al-----D;= 
A2 _____ -"..--

A8-------"'~-

Row 

Select 

A 7-------DC::::I 
A6,----c:5=L_~ 

~Vss 

Memory Array -------Vee 
64 Row 

64 Columns 

A3 A4 A5Al1Al0A9 

300 ns 

4.50 ns 

This document contains information on a new product. Specifications and information herein 
are subject to change without notice 
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MCM6641 
MCM66L41 

MOS 
(N·CHANNEL, SILlCON·GATEI 

4096-BIT STATIC 
RANDOM ACCESS MEMORIES 

e SUFFIX 

CASE 707·01 

•

,1 r .. " " P SUFFIX 

• - "'" """~" 
CASE 707 

S 
H 

L 

L 

L 

PIN ASSIGNMENT 

AO [ie\Ji8 Vee 
Al 2 17 A6 

A2 16 A7 

A3 15 A8 

A4 14 A9 

A5 13 AlO 

0 12 All 

W 11 D 

VSS 10 5 

PIN NAMES 

AO·AI1.. ............... Address Input 
................... Data Input 

.............................. Data Output 
D .. 
0 .. 
S .. 
Vee .. 
~S 
w ... 

W 

X 

L 

L 

H 

D 
X 

L 

H 

X 

.. ehip Select 
..... Power Supply 1+ 5 VI 
....................... Ground 
............... Write Enable 

TRUTH TABLE 

Q Mode 
High Z Nat Sel ected 

High Z Write "0" 

High Z Write "1" 

Output data Read 

ADI475/2-78 



ABSOLUTE MAXIMUM RATINGS (See Note I 

Rating Value Unit 

Temperature Under Bias -10 to +80 °c 
Voltage on Any Pin With Respect to VSS -0.5 to +7.0 Vdc 

DC Output Current 20 rnA 

Power Dissipation 1.0 Watt 

Operating Temperature Range a to +70 °c 
Storage Temperature Range -65 to + 150 °c 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM 

RATINGS are exceeded. Functional operation should be restricted 
to RECOMMENDED OPERATING CONDITIONS. Exposure to 
higher than recommended voltages for extended periods of time could 

affect device reliability. 

This device contains circuitry to protect the 
inputs against damage due to high static voltages 
or electric fields; however, it is advised that 
normal precautions be taken to avoid applica

tion of any voltage higher than maximum rated 

voltages to this high·impedance circuit. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted) 

RECOMMENDED DC OPERATING CONDITIONS 

Parameter Symbol 

Supply Voltage VCC 
VSS 

Logic 1 Voltage, All Inputs VIH 
Logic 0 Voltage, All Inputs VIL 

DC CHARACTERISTICS 

Parameter Symbol 
Min 

MCM6641 

Typ Max -
Input Load Current IAII Input Pins, Vin ~ 0 to 5.5 VI III - - 10 

Output Leakage CurrentlCS-204 V, Vin~Oo4 to VCCI IlLOI - - 10 

Power Supply Current IVCC=5.5 V, 10ut=O rnA, T A =ooCI ICC - 80 100 

Output Low Voltage, 10L ~ 2.1 mA VOL - 0.15 004 

Output High Voltage, IDH - 1.0 mA VOH 2.4 

Output Short Circuit Current lOS' - - 40 

• Duration not to exceed 30 seconds. 

CAPACITANCE If~ 1.0 MHz, T A ~ 25'C, VCC~ 5.0 V, periodically sampled rather than 100% tested I 

Characteristic 

Input Capacitance (Vin = a VI 

Output Capacitance IVout- 0 VI 

Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C= l~t/~V. 

STANDBY OPERATION 
(Typical Supply Values) 

Device 

MCM6641 

MCM66L41 

Supply 

VCC 

VCC 

Operating Standby 

+5 V +2.4 V 

+5 V +2.4 V 
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Min Typ Max Unit 

4.5 5.0 5.5 
V 

0 0 0 

2.0 - 6.0 V 

-0.5 - 0.8 V 

MCM66L41 
Unit 

Min Typ Max 

- - 10 ~A 

- - 10 ~A 

- 55 70 rnA 

- 0.15 0.4 V 

2.4 V 

- - 40 mA 

Max Standby Power 

225rnW 

150mW 



MCM6641·MCM66L41 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted) 

Input Pulse Levels ... . . . 0.8 Volt to 2.0 Volts Input and Output Timing Levels.. . ... 1.5 Volts 
Input Rise and Fall Times .. ........... 10 ns Output Load.. . .......... 1 TTL Gate and CL ~ 100 pF 

READ (NOTE 1), WRITE (NOTE 2) CYCLES 

Parameter 

Read Cycle Time 

Access Time 

Chip Selection to Output Valid 

Chip Selection to Output Active 

Output 3-5tate From Deselection 

Output Hold From Address Change 

Write Cycle Time 

Write Time 

Write Release Time 

Output 3-5tate From Write 

Data to Write Time Overlap 

Data Hold From Write Time 

READ CYCLE TIMING 
IWHELD HIGH) 

Symbol 

'RC 

'A 

'SO 

tsx 

tOTO 

tOHA 

twc 

'w 

'WR 

'OTW 

'DW 

tDH 

MCM6641-20 
MCM66L41-20 

Min Max 

200 -

- 200 

- 70 

10 -

- 40 

50 

200 -

100 

0 

- ·40 

100 -

0 

MCM6641-25 MCM6641-30 
MCM66L41-25 MCM66L41-30 

Min Max Min Max 

250 - 300 -

- 250 - 300 

- 85 - 100 

10 - 10 -

- 60 - 80 

50 50 

250 - 300 -

125 150 

0 0 
_. 60 - 80 

125 - 150 -

0 0 

tRC ---------~ 

f4f---------- tA -------IIa.j 

Address 

Dout--------------------------------------------~f{ 

NOTES: 
1. A Read occurs during the overlap of a low S and a high W. 
2. A,Write occurs during the overlap of a low S and a low W. 

MCM6641-45 
MCM66L41-45 

Min Max 

450 -

- 450 

- 120 

10 -
- 100 

50 

450 -

200 

0 

- 100 

200 -

0 

3. If the S low transition occurs simultaneously with the W low transition, the output bufft3rs remain in a high-impedance state. 
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Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



MCM66418MCM66L41 

WRITE CYCLE TIMING INote 3) 

<CIIf-------- 'we 

Address 
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Advance Information 

16K BIT STATIC RANDOM ACCESS MEMORY 

The MCM65116 is a 16,384-bit Static Random Access Memory 
organized as 2048 words by 8-bits, fabricated using Motorola's High
performance silicon-gate CMOS (HCMOS) technology. It uses a design 
approach which provides the simple timing features associated with ful
ly static memories and the reduced power associated with CMOS 
memories. This means low standby power without the need for clocks, 
nor reduced data rates due to cycle times that exceed access time. 

Chip Enable (lO) controls the power-down feature. It is not a clock but 
rather a chip control that affects power consumption. In less than a 
cycle time after chip enable (E) goes high, the part automatically 
reduces its power requirements and remains in this low-power standby 
as long as the chip enable (E) remains high. The automatic power-down 
feature causes no performance degradation. 

The MCM65116 is in a 24-pin dual-in-line package with the industry 
standard JEDEC approved pinout and is pinout compatible with the 
industry standard 16K EPROM/ROM. 

• Single +5 V Supply 
• 2048 Words by 8-Bit Organization 

• HCMOS Technology 
• Fully Static: No Clock or Timing Strobe Required 

• Maximum Access Time: MCM65116-12 - 120 ns 
MCM65116-15 - 150 ns 
MCM65116-20 - 200 ns 

• Power Dissipation: 55 mA Maximum (Active) 
10 mA Maximum (Standby-TTL Levels) 
2 mA Maximum (Standby) 

1ool'A Maximum (Standby-MCM65L T16) 

• Low Voltage Data Retention (MCM65L 116 only) 100 I'W Maximum 

Al 
A2 
A3 
A4 
A5 
A6 
Al 

i' 
G 

Vii 

5 
4 
3 
2 
1 

BLOCK DIAGRAM 

Row 
Decoder 

Input 
Data 

Control 

Control 
Logic 

Memory Matnx 
128x 128 

Column 110 

Pin 24=VCC 
Pin 12=VSS 

This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MCM65116 

HeMOS 
(COMPLEMENTARY MOS) 

2,048 X 8 BIT 
STATIC RANDOM 
ACCESS MEMORY 

P SUFFIX 
PLASTIC PACKAGE 

CASE 109 ~ 
~ CSUFFIX 

FRIT-SEAL CERAMIC PACKAGE 
CASE 623 

PIN ASSIGNMENTS 

AII~ Vee 
A61 2 23 A8 

A5 3 22 A9 

A41 21 Vi 
A31 20 G 
A2 19 Ala 

Al ) 18 ~E 
AO 17 bDQ7 

000 16 PD06 

DOli 10 15 PD05 

0021 11 14 P004 

Vssl 12 13 PD03 

PIN NAMES 
AO-A 10 .......................... Address Input 
000-007 ................ Data Input/Output 
W .................................. Write Enable 
G ................................. Output Enable 
t. .................................... ehip Enable 
Vee ............................. Powerl+5VI 
VSS··············· .. · .. ··· .. ·············Ground 

AOI-911/5-82 



MCM65116 

ABSOLUTE MAXIMUM RATINGS ISee Note) 

Rating Value Unit 
Temperature Under Bias -10to +80 'c 
Voltage on Any Pin With Respect to VSS -1.0to+7.0 V 
DC Output Current 20 rnA 
Power Dissipation 1.2 Watt 
Operating Temperature Range o to + 70 'c 
Storage Temperature Range 65 to +150 'c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT
ING CONDITIONS. Exposure to higher than recommended voltages for extend
ed periods of time could affect device reliability. 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however. it is ad
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high
impedance circuit. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature ranges unless otherwise noted.) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage VCC 4.5 5.0 5.5 V 

VSS 0 0 0 V 

Input Voltage VIH 2.2 3.5 6.0 V 

VIL -1.0" - 0.8 V 

The device will withstand undershoots to the -1.0 volt level with a maxImum pulse wIdth of 50 ns at the - 0.3 volt level. ThIs IS periodically 
sampled rather than 100% tested. 

RECOMMENDED OPERATING CHARACTERISTICS 

Parameter 
MCM65116 MCM65L116 

Symbol 
Min Typ' Max Min Typ' Max 

Unit 

Input Leakage Current IVCC-5.5 V, Vin- GND to VCC) IIUI - - 1 - - 1 ~A 

Output Leakage Current IE- VIH or G- VIH VI/O- GND to VCC) IiLOI - - 1 - - 1 ~A 

Operating Power Supply Current IE~ VIL, 1110 - 0 rnA) ICC 35 55 35 55 rnA 

Average Operating Current Minimum cycle, duty= 100% ICC2 - 35 55 - 35 55 rnA 

Standby PowerllE- VIH) IS8 - 5 10 - 5 10 rnA 

Supply Currentjlt«VCC-0.2 V, Vin«VCC-0.2 V or VinSO.2 V) IS81 - 20 2000 - 4 100 ~A 

Output Low Voltage 1I0L - 2.1 rnA) VOL - - 0.4 - - 0.4 V 

Output High Voltage 1I0H- -1.0 rnA)"" VOH 2.4 - - 2.4 - - V 

"VCC~5 V, TA~25'C 
"" Also, output voltages are compatible with Motorola's new high-speed CMOS logic family if the same power supply voltage is used. 

CAPACITANCE If ~ 1.0 MHz, T A ~ 25'C, periodically sampled rather than 100% tested. I 

Characteristic 
Input Capacitance except E 

Input/Output Capacitance and E Input Capacitance 

MODE SELECTION 

Mode E G W Vec Current DQ 

Standby H X X IS8,IS81 High Z 
Read L L H ICC 0 

Write Cycle III L H L ICC D 
Write Cycle (2) L L L ICC D 
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MCM65116 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise noted.) 

Input Pulse Levels ..................................... 0.8 Volt to 2.4 Volts Input and Output Timing Levels. .. ........................... 1.5 Volts 
Input Rise and Fall Times .......................................... 10 ns Output Load. .. .. 1 TTL Gate and CL = 100 pF 

READ CYCLE 
MCM65116-12 MCM65116-15 MCM65116-20 

Parameter Symbol MCM65L116-12 MCM65L116-15 MCM65L116-20 Unit 

Min Max Min Max Min Max 

Address Valid to Address Don't Care 
ICycle Time when Chip Enable is Held Activel tAVAX 120 - 150 - 200 - ns 

Chip Enable Low to Chip Enable High tELEH 120 - 150 - 200 - ns 

Address Valid to Output Valid IAccessl tAVOV - 120 - 150 - 200 ns 

Chip Enable Low to Output Valid IAccessl tELOV - 120 - 150 - 200 ns 

Address Valid to Output Invalid tAVOX 10 - 15 - 15 - ns 

Chip Enable Low to Output Invalid tELOX 10 - 15 - 15 - ns 

Chip Enable High to Output High Z tEHOZ 0 40 0 50 0 60 ns 

Output Enable to Output Valid tGLOV - 80 - 100 - 120 ns 

Output Enable to Output Invalid tGLOX 10 - 15 - 15 - ns 

Output Enable to Output High Z tGLOZ 0 40 0 50 0 80 ns 

Address Invalid to Output Invalid tAXOX 10 - 15 - 15 - ns 

Address Valid to Chip Enable Low IAddress Setupl tAVEL 0 - 0 - 0 - ns 

Chip Enable to Power-Up Time tpu 0 - 0 - 0 - ns 

Chip Disable to Power-Down Time tPD - 30 - 30 - 30 ns 

WRITE CYCLE 

MCM65116-12 MCM65116-15 MCM65116-20 
Parameter Symbol MCM65L116-12 MCM65L116-15 MCM65L116-20 Unit 

Min Max Min Max Min Max 

Chip Enable Low to Write High tELWH 70 - 80 - 120 - ns 

Address Valid to Write High tAVWH 105 120 140 ns 

Address Valid to Write Low IAddress Setupl tAVWL 20 - 20 - 20 - ns 

Write Low to Write High IWrite Pulse Widthl tWLWH 70 - 90 - 120 - ns 

Write High to Address Don't Care tWHAX 5 - 10 - 10 - ns 

Data Valid to Write High tDVWH 35 - 40 - 80 - ns 

Write High to Data Don't Care lData Holdl tWHDX 5 - 10 - 10 - ns 

Write Low to Output High Z tWLOZ 0 50 0 80 0 80 ns 

Write High to Output Valid tWHOV 5 - 10 - 10 - ns 

Output Disable to Output High Z tGHOZ 0 40 0 50 0 60 ns 
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MCM65116 

READ CYCLE TIMING 1 (NOTES 1 AND 2) 

~---------tAVAX--------~ 

A IAddress) 

G 10utput Enable) 

E IChip Enable) 

Q lData Out) 

READ CYCLE TIMING 2 

1+--------tAVAX---------.! 

''''''=xxx1 ___ ~ """, """ '''''' -4 __ ~ ~""" "'''''' 
READ CYCLE TIMING 3 
G=VIL (NOTES 1, 2, 3) 

A IAddress) 

-----.....,d .. '--------tELEH-------iOi ,.------
E I Chip Enable) 

Q lData Outi Data Valid 

VCC ICC 
Supply 
Current IS6 

NOTES: 
1. Write Enable IVii) is High for Read Cycle. 
2. When Chip Enable IE) is Low, the address input must not be in the high impedance state. 
3. Address Valid prior to or coincident with Chip Enable IE) transition Low. 
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MCM65116 

WRITE CYCLE TIMING 1 (NOTE 4) 

A (Addressl 

G 10utput Enablel 
tWHAX[5] 

t' (Chip Enablel 
\\'\'I'\:\'--.::--.:::-"'i:-"J.----tELwH,----+lrTTTTTTT 

W (Write Enablel 

tWLWH[S]------JOo! 

Q (Data Outl 

D lData Inl 
r"'W" ~""1 ~DataValid XXX 

WRITE CYCLE TIMING 2 
G=VIL (NOTE 41 

~---------------tAVAX------------------~ 

A IAddressl 

~---tELWH-----}l~--l-+-

E (Chip Enablel 

_+ __ ..+-~........:........:~I+--tWLWH[S] 
W (Write Enablel 

Q (Data Outl 
((((t/lll tl 

D lData Inl DataVahd 

NOTES: 
4. Write Enable (W) must be high during all address transitions. 
5. tWHAX is measured from the earlier of Chip Enable (EI or Write Enable (WI going high to the end of write cycle. 
6. If the Chip Enable (tllow transition occurs simultaneously with the Write Enable iWllow transitions or after the Write Enable (WI transi-

tion. the output remains in a high impedance state. 
1. During this period. DQ pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 
S. A write occurs during the overlap of a low Chip Enable (tl and a low Write Enable (WI. 
9. Q (Data Outl is the same phase as write data of this write cycle. 

10. Q lData Outl is the read of the next address. 
11. If Chip Enable (EI 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. 
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MCM65116 

LOW VCC DATA RETENTION CHARACTERISTICS ITA -0 to + 70'C) IMCM651116 Only) -
Parameter Conditions Symbol Min Typ Max Unit 

V CC for Data Retention 
E>:Vee-0.2 V 

VOR 2.0 - - V 
Vin>:Vee-0.2 V or VinSO.2 V 

Data Retention Current Vee-3.O V, E>:2.B V 
leCDR - - 50 ~A 

Vin~2.8 V or V;n<O.2 V 
Chip Disable to Data Retention Time 

See Retention Waveform teoR 0 - - ns 
Operation Recovery Time tree ·tAVAX - - ns 

·tAVAX= Read Cycle Time. 

LOW Vce DATA RETENTION WAVEFORM 

I«C---Data Retention Mode ...".. 

Vee 
----------~~I Ir __ ------------

4.5 V 1\ VDR>:2.0 V I 4.5 V 

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

~CD~ -~~ 
1///f20 E>:VDR-02V ~.20k\\\\\ 
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@ MOTOROLA 

1024 X 8 ERASABLE PROM 

The MCM2708/27A08 is an 8192·bit Erasable and Electrically 

Reprogrammable PROM designed for system debug usage and 
similar applications requiring nonvolatile memory that could be 

reprogrammed periodically. The transparent window on the package 

allows the memory content to be erased with ultraviolet light. 

Pin-for-pin mask-programmable ROMs are available for large volume 

production runs of systems initially using the MCM2708/27A08 . 

.. Organized as 1024 Bytes of 8 Bits 

(I Static Operation 

G Standard Power Supplies of +12 V, +5 V and -5 V 

.. Maximum Access Time = 300 ns - MCM27A08 

450 ns - MCM2708 

o Low Power Dissipation 

.. Chip-Select Input for Memory Expansion 

(I TTL Compatible 

(I Three-State Outputs 

.. Pin Equivalent to the 2708 

I) Pin-far-Pin Compatible to MCM65308, MCM68308 or 2308 

Mask-Programmable ROMs 

PIN CONNECTION OURING REAO OR PROGRAM 

Pin Number 
Mode 

9-11.13-17 I 12 18 19 20 21 

Read °out i VSS VSS VDO VIL VSS 

Program Din I VSS Pulsed VDD VIHW VSS 
I VIHP 

ABSOLUTE MAXIMUM RATINGS (1) 

Rating Value 

Operating Temperature o to +70 

Storage Temperature -65 to +125 

VOO with Respect to VSS +20 to -0.3 

Vee and VSS with Respect to VSS +15 to -0.3 

All Input or Output Voltages with Respect to VSS during Read +15 to -0.3 

CS/WE Input with Respect to Vas during Programming +20 to -0.3 

Program Inpu_t with Respect to VSS +35 to -0.3 

24 

VCC 

VCC 

Unit 

°c 
°c 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

~~r Dissipation 1.B Watts 

Note 1: 
Permanent device damage may occur if 

ASSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should 

be restricted to RECOMMENDED OP· 
ERATING CONDITIONS. Exposure to 

higher than recommended voltages for 
extended periods of time CQuid affect 
device reliability. 
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MCM2108 
MCM21A08 

MOS 

IN·CHANNEL, SILICON-GATE) 

1024 X 8-BIT 
UV ERASABLE PROM 

A7 

A6 

A5 

A3 

A2 

A1 

AO 

DO 

01 

02 

VSS 

FRIT·SEAL CERAMIC PACKAGE 
CASE 623A 

CERAMIC PACKAGE 
CASE 716 

PIN ASSIGNMENT 

Vee 

A8 

A9 

Vss 

CS/WE 

VDD 

PROGR. 

D7 

06 

05 

D4 

D3 

DS9440 R2/1-79 



MCM27OS·MCM27AOS 

AO-A9 

BLOCK DIAGRAM 

Y Gating 

Memory 
Matrix 

(64 x 128) 

DC READ OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 

RECOMMENDED DC READ OPERATING CONDITIONS 
Parameter Symbol Min Nom 

Supply Voltage VCC 4.75 5.0 

VOO 11.4 12 

VBB -5.25 -5.0 

Max 

5.25 

12.6 

-4.75 
Input High Voltage VIH 3.0 VCC+ 1.0 
Input Low Voltage VIL VSS 0.65 

READ OPERATION DC CHARACTERISTICS 
Characteristic Condition Symbol Min Typ Max 

Address and CS Input Sink CUrrent Vin = 5.25 V or Vin = VIL 'in - 1 10 
Output Leakage Current Vout = 5.25 V, CS/WE = 5 V ILO - 1 10 

VOO Supply Current I Worst·Case Supply Currents 100 - 50 65 
V CC Supply Current I (Note 2) All Inputs High ICC - 6 10 
V BB Supply Current I CS/WE = 5.0 V, TA = OoC IBB - 30 45 

Output Low Voltage IOL 1.6 mA VOL - 0.45 
Output High Voltage IOH = -100 I'A 'VOHl 3.7 - -
Output High Voltage IOH = -1.0 mA VOH2 2.4 - -
Power Dissipation (Note 2) TA = 700 C Po - - 800 

Nota 2: 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

Unit 

I'A 

I'A 

mA 

mA 

mA 

V 

V 

V 

mW 

The total power dissipation is specified at 800 mW. It is not calculable by summing the various current (100. ICC. and las) multiplied bv 
their respective voltages, since current paths exist between the various power supplies and VSS. The 'DO. ICC. and laa currents should be 
used to determine power supply capacity only. 

VBB must be applied prior to Vee and VOD. VBB must also be the last power supply switched off. 
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MCM2708-MCM27A08 

AC READ OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 

(All timing with tr = tf = 20 ns, Load per Note 3) 

Characteristic Symbol 

Addre .. to Output Delay tAO 
Chip Select to Output Delay tco 
Data Hold from Address tDHA 
Data Hold from Deselection tDHD 

CAPACITANCE (periodically sampled rather than 100% tested) 

Characteristic Condition 

Input Capacitance Vin=OV.TA=250C 
(f= 1.0 MHz) 

Output Capacitance Vout = 0 V. TA = 250C 
(f = 1.0 MHz) 

Not. 3: 
Output Load = 1 TTL Gate and CL = 100 pF (includes Jig Capacitance) 
Timing Measurement Reference Levels: Inputs: 0.8 V and 2.8 V 

Outputs: O.B V and 2.4 V 

Min 

-
-
0 

0 

AC TEST LOAD 

MCM27AOB 

Typ 

220 

60 

-

Symbol 

Cin 

Cout 

s.ov 

Test Point o-~r--..--I+--+ 

Address 

10QpF·,., 

MM06150 
or Equiv 

MMD7000 
or Equiv 

-Includes Jig Capacitance 
·-For VOH1 

READ OPERATION TIMING DIAGRAM 
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MCM270B 

Max Min Typ 

300 - 2BO 

120 60 

- 0 

120 0 

Typ Max 

4.0 6.0 

B.O 12 

Max Unit 

450 ns 

120 ns 

ns 

120 ns 

Unit 

pF 

pF 



MCM2708eMCM27 A08 

DC PROGRAMMING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 

RECOMMENDED PROGRAMMING OPERATING CONDITIONS 
Parameter Symbol Min Nom 

Supply Voltage VCC 4.75 5.0 

VDD 11.4 12 

VSS -5.25 -5.0 

Max 

5.25 

12.6 

-4.75 

Input High Voltage for All Addresses and Data VIH 3.0 - VCC + 1.0 

Input Low Voltage (except Program) VIL VSS - 0.65 

CS/WE Input High Voltage (Note 4) VIHW 11.4 12 12.6 

Program Pulse Input High Voltage INote 4) VIHP 25 - 27 

Program Pulse Input Low Voltage (Note 5) VILP VSS - 1.0 

Note 4: Referenced to VSS. 
NoteS: VIHP-VILP = 25Vmin. 

PROGRAMMING OPERATION DC CHARACTERISTICS 
Characteristic Condition Symbol Min Typ Max 

Address and CS!WE Input Sink Current Yin = 5.25 V III - - 10 

Program Pulse Source Current IIPL - - 3.0 

Program Pulse Sink Current IIPH - - 20 

VDD Supply Current Worst-Case Supply Currents IDD - 50 65 

V CC Supply Current All Inputs High ICC - 6 10 

Vee Supply current CS/WE = 5 V, TA = OoC ISS - 30 45 

AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise noted.) 

Characteristic Symbol Min Max 

Address Setup Time tAS 10 -
eS/WE Setup Time tcss 10 -

Data Setup Time tDS 10 -

Address Hold Time tAH 1.0 

CS/WE Hold Time tCH 0.5 -

Data Hold Time tDH 1.0 

Chip Deselect to Output Float Delay tDF 0 120 

Program to Read Delay tDPR - 10 

Program Pulse Width tpw 0.1 1.0 

Program Pulse Rise Time tpR 0.5 2.0 

Program Pulse Fall Time tpF 0.5 2.0 

4-6 

Unit 

Vde 

Vde 

Vde 

Vde 

Vde 

Vde 

Vde 

Vde 

Unit 

/lAde 

mAde 

mAde 

mAde 

mAde 

mAde 

Unit 

/lS 

/lS 

/lS 

/lS 

/l' 

/lS 

ns 

!,S 

ms 

/lS 

/lS 



MCM2708eMCM27 A08 

PROGRAMMING OPERATION TIMING DIAGRAM 

1-------------1 of N Program Loops -----------+>-- READ

CS/WE 

VIH 

Data 

Address 0 

tAH_ 

tDH-.r---j4--

tPR--t----t-----tpw--~--r_>--- tpF 

Program 
Pulse 

VIL-----.....J 

'CH---il-\oo-

(AlterN 
Program' 
Loops) 

NoteS 

Note 6: The CS/WE transition must occur after the Program Pulse transition and before the Address Transition. 
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MCM27OS-MCM27 AOS 

PROGRAMMING INSTRUCTIONS 

After the completion of an E RASE operation, every 
bit in the device is in the "1" state (represented by 
Output High). Data are entered by programming zeros 
(Output Low) into the required bits. The words are 
addressed the same way as in the READ operation. A 
programmed "0" can only be changed to a "1" by ultra
violet light erasure. 

To set the memory up for programming mode, the 
CS/WE input (Pin 20) should be raised to +12 V. Pro
gramming data is entered in 8-bit words through the 
data output terminals (DO to 07). 

Logic levels for the data lines and addresses and the 
supply voltages (Vee, VDD, VBB) are the same as for the 
READ operation. 

After address and data setup one program pulse per 
address is applied to the program input (Pin 18). A pro
gram loop is a full pass through all addresses. Total 
programming time, TPtotal = N x tpw ;;. 100 ms. The 
required number of program loops (N) is a function of the 
program pulse width (tPW). where: 0.1 ms ~ tpw ~ 
1.0 ms; correspondingly N is: 100 ~ N ~1000. There 
must be N successive loops through all 1024 addresses. It 
is not permitted to apply more than one program pulse in 
succession to the same address (i.e., N program pulses to 
an address and then change to the next address to be pro
grammed). At the end of a program sequence the eS/WE 
falling edge transition must occur before the first address 
transition, when changing from a PROGRAM to a READ 
cycle. The program pin (Pin 18) should be pulled down 
to VILP with an active device, because this pin sources a 
small amount of current (lIPL) when CS/WE is at VIHW 
(12 V) and the program pulse is at V I Lp. 

EXAMPLES FOR PROGRAMMING 
Always use the TPtotal= NxtpW;;' 100 ms relationship. 
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1. All 8192 bits should be programmed with a 0.2 ms 
program pulse width. 

The minimum number of program loops: 

N = TPtotal = 100 ms = 500. One program loop 
tpw 0.2 ms 

consists of words 0 to 1023. 

2. Words 0 to 200 and 300 to 700 are to be pro
grammed. All other bits are "don't care". The 
program pulse width is 0.5 ms. The minimum 

100 
number of program loops, N = 0.5 = 200 .. One 

program loop consists of words 0 to 1023. The 
data entered into the "don't care" bits should be 
all ls. 

3. Same requirements as example 2, but the EPROM is 
now to be updated to include data for words 850 
to 880. The minimum number of program loops is 
the same as in the previous example, N = 200. One 
program loop consists of words 0 to 1023. The data 
entered into the "don't care" bits should be all ls. 
Addresses 0 to 200 and 300 to 700 must be re
programmed with their original data pattern. 

ERASING INSTRUCTIONS 

The MCM2708/27 A08 can be erased by exposure to 
high intensity shortwave ultraviolet light, with a wave
length of 2537 A. The recommended integrated dose (i.e., 
UV·intensity x exposure time) is 12.5 Ws/cm2. As an 
example, using the "Model 30-000" UV-Eraser (Turner 
Designs, Mountain View, CA94043) the ERASE-time is 
30 minutes. The lamps should be used without shortwave 
filters and the MCM2708/27 A08 should be positioned 
about one inch away from the UV-tubes. 



@ MOTOROLA 

2048 X 8 ERASABLE PROM 

The TMS2716 and TMS27A16 are 16,384-bit Erasable and 
Electrically Reprogrammable PROMs designed for system debug 
usage and similar applications requiring nonvolatile memory that 
could be reprogrammed periodically. The transparent window on the 
package allows the memory content to be erased with ultraviolet 
light. The TMS2716 is pin compatible with 2708 EPROMs, allowing 
easy memory size doubling. 

o Organized as 2048 Bytes of 8 Bits 

o Fully Static Operation (No Clocks, No Refreshl 

II> Standard Power Supplies of + 12 V, +5 V, and -5 V 

II> Maximum Access Time ~ 300 ns - TMS27 A 16 
450 ns - TMS2716 

o Chip-Select Input for Memory Expansion 

o TTL Compatible - No Pull-up Resistors Required 

o Three-State Outputs for OR-Tie Capability 

o The TMS2716 is Pin Compatible to MCM2708 and 
MCM68708 EPROMs 

BLOCK DIAGRAM 

Data I nputJOutput 
OQO-OQ7 

AO-A 10 

Y Gating 

Memory Matrix 
(128 X 128) 
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TMS2716 
TMS27A16 

MOS 

(N-CHANNEL, SILICON-GATE) 

2048 X 8-BIT 
UV ERASABLE PROM 

FRIT-SEAL PACKAGE 
CASE 623A 

CERAMIC PACKAGE 
CASE 716 

PIN ASSIGNMENT 

A7[~~Vee(EI 
A6[ 2 23 ~A8 
A5[ 3 22 ~A9 
A4[ 4 21 ~VSS 
A3 [ 5 20 PAlO 

A2[ 6 19 ~VOO 

A I [ 7 18 pS (Progrl 

AO[ 8 17 p007 

DOOr 9 16 p006 

001 [ 10 15 p005 

002[11 14p004 

VSS[ 12 13 p003 

PIN NAMES 

AO-AlD.. . .. Address Inputs 
000-007 .......... Oata Input (Program or 

(EI .. 
s. 
(Progrl .. 

VSS·· 

Vee··· 
VOO·· 
VSS·· 

Output (Readl 
.. Program Enable 
. ........ ehip Select 
.... Program Pulse 

. ........... - 5 V Power Supply 

............. + 5 V Power Supply 
........ + 12 V Power Supply 

............. Ground 

OS9518 Rl/1-79 



TMS2716-TMS27A16 

ABSOLUTE MAXIMUM RATINGS (1) 

Rating Value Unit 

°e 

PIN CONNECTION DURING 
READ OR PROGRAM 

Operating Temperature o to +70 

Storage Temperature -65 to +125 °e 

VDD with Respect to VBB +20 to -0.3 V 

Vee and VSS with Respect to VBB +15 to -0.3 V 

All Input or Output Voltage with Respect to Vas During Read +15to-0.3 V 

(E) Input with Respect to Vas During Programming +20 to -0.3 V 

Program Input with Respect to Vas +35to -0.3 V 

Power Dissipation 1B Watts 

NOTE1: Permanent device damage may occur it ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 

Pin Number 

9-11, 
Mod. 13-17 18 

Read Oout VIL or 

VIH 

Program Din Pulsed 

VIHP 

DC READ OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted) 

RECOMMENDED DC READ OPERATING CONDITIONS 

Parameter Symbol Min Nom Max 

Supply Voltage TMS2716 Vee 4.75 5.0 5.25 

VDD 11.4 12 12.6 

VBB -5.25 -5.0 -4.75 

TMS27A16 Vce 4.5 5.0 5.5 

VDD 10.8 12 13.2 

VBB -5.5 -5.0 -4.5 

Input High Voltage VIH 2.2 - Vee+ 1.0 

I nput Low Voltage VIL VSS - 0.65 

READ OPERATING DC CHARACTERISTICS 

Characteristic Condition Symbol Min Typ Max 

Address Input Sink Current Vin = VCCmax or Vin = VIL lin - 1 10 

Output Leakage Current Vout - Vccmax and S - 5 V ILO 1 10 

VDO Supply Current Worst-Case Supply Currents 100 - - 65 

Vec Supply Current All Inputs High ICC - - 12 

VBB Supply Current (E)=5.0V,TA=00C IBB - - 45 

Output Low Voltage IOL = 1.6mA VOL - 0.45 

Output High Voltage IOH =-100~A VOHl 3.7 - -
Output High Voltage IOH=-1.0mA VOH2 2.4 - -

Vas must be applied prior to Vce and VOD' VSS must also be the last power supply sWitched off. 

CAPACITANCE (periodically sampled rather than 100% tested) 

Characteristic Condition Symbol Typ Max 

Input Capacitance Vin=OV,TA=250e Cin 4.0 6.0 
(t =1.0 MHz) 

Output Capacitance Vout = 0 V, TA = 25°C Cout B.O 12 
(f = 1.0 MHz) 
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24 

Vee 

VIHW 

Unit 

V 
V 
V 

V 
V 
V 

V 

V 

Unit 

~A 

~A 

mA 

mA 

mA 

V 

V 

V 

Unit 

pF 

pF 



TMS2716-TMS27A16 

AC READ OPERATING CONDITIONS AND CHARACTERISTICS 
IFull operating voltage and temperature range unless otherwise noted 1 

IAII timing with tr ~ tf ~ 20 ns, Load per Note 21 

TMS2716 TMS27A16 

Characteristic Symbol Min Max Min Max Unit 

Address to Output Delay tAVQV - 450 - 300 ns 

Chip Select to Output Delay tSLQV - 120 - 120 ns 

Data Hold from Address tAXQZ 10 - 10 .- ns 

Data Hold from Deselection tSHQZ 10 120 10 120 ns 

NOTE 2: Output Load = 1 TTL Gate and CL :::: 100 pF (Includes Jig Capacitance) 
Timing Measurement Reference Levels - Inputs: 0.8 V and 2.8 V 

Outputs: 0.8 V and 2.4 V 

AC TEST LOAD 

50 V 

TIMING PARAMETER ABBREVIATIONS 

t X X X X 

""'" e,,"co m w"',", e "'"" " ',',e,' -" I I I 
transition direction for first signal 

signal name to which interval is defined 
transition direction for second signal 

I 
TIMING LIMITS 

MM06150 
or b.1u1V 

MMD7000 
or El1u1V 

·Includes Jig Capacitance 

·*FO,VOH 

The transition definitions used in this data sheet are: 

The table of timing values shows either a minimum or 

a maximum limit for each parameter. Input requirements 

are specified from the external system point of view. 

Thus, address setup time is shown as a minimum since the 

system must supply at least that much time leven though 

most devices do not require it). On the other hand, 

responses from the memory are specified from the device 

point of view. Thus, the access time is shown as a maxi

mum since the device never provides data later than 

that time. 

H :::: transition to high 

L :::: transition to low 
V :::: transition to valid 

X:::: transition to invalid or don't care 

Z ~ transition to off Ihigh impedancel 

Chip Select, S 

Data Out, Q High Z 

READ OPERATION TIMING DIAGRAM 

Address Valid 

4-11 



TMS2716.TMS27 A 16 

DC PROGRAMMING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted) 

RECOMMENDED PROGRAMMING OPERATING CONDITIONS 

Parameter 

Supply Voltage - TMS2716 and TMS27A16 

Input High Voltage for Data 

I nput Low Voltage for Data 

Input High Voltage for Addresses 

Input Low Voltage for Addresses 

Program Enable (E) Input High Voltage (Note 3) 

Program Enable (El Input Low Voltage (Note 3) 

Program Pulse Input High Voltage (Note 3) 

Program Pulse Input Low Voltage (Note 4) 

NOTE 3: Referenced to VSS. 
NOTE 4: VIHP - VILP = 25 V min. 

PROGRAMMING OPERATION DC CHARACTERISTICS 
Characteristic Condition 

Address Input Sink Current Yin = 5.25 V 

Program Pulse Source Current 

Program Pulse Sink Current 

VOO Supply Current Worst-Case Supply Currents 

Vee Supply Current All Inputs High 

Vas Supply current lEI = 5 V, TA =ooe 

Symbol 

Vee 
VOO 
Vss 

VIHO 

VILO 

VIHA 

VILA 

VIHW 

VILW-Vee 

VIHP 

VILP 

Symbol 

III 

IIPL 

IIPH 

IDO 

ICC 

ISS 

Min Nom 

4.75 5.0 
11.4 12 

-5.25 -5.0 

3.B -

VSS -

3.B -

VSS 
11.4 12 

4.75 5.0 

25 

VSS -

Min Typ 

- -
- -

- -
- -
-

- -

Max 

5.25 
12.6 

-4.75 

Vee+ 1 

0.65 

Vee + 1 

0.4 

12.6 

5.25 

27 

1.0 

Max 

10 

3.0 

20 

65 

15 

45 

AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise noted) 

Characteristic Symbol Min Max 

Address Setup Time tAVPH 10 -

(E) Setup Time tEHPH 10 -

Data Setup Time tOVPH 10 -

Address Hold Time tpLAX 1.0 

lEI Hold Time tpLEL 0.5 -
Da~a Hold Time tpLOX 1.0 -

Program to Read Delay tELQV - 10 

Program Pulse Width tpHPL 0.1 1.0 

Program Pulse Rise Time tpR 0.5 2.0 

Program Pulse Fall Time tpF 0.5 2.0 
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Unit 

Vdc 
Vdc 
Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

Vde 

Vdc 

Vdc 

Unit 

,uAde 

mAde 

mAde 

mAde 

mAde 

mAde 

Unit 

ps 

ps 

ps 

ps 

ps 

ps 

ps 

ms 

ps 

ps 



TMS2716·TMS27A16 

PROGRAMMING OPERATION TIMING DIAGRAM 

1-------------1 of N Program Loops ------------oo.j.-- READ-

Program 
Enable, (E) 

IAfter N 
Program 
Loops) 

'PLEL --~-f.-

VILA 

Program 

Pulse, P 

tEHPH 

Address 0 

tp LAX ------

tOVPH tp LOX --1--+--

tPR-~~-+--------'PHPL---t---~-----tPF 

V I HP --- -- ,..------{ f-----. 

V,LP-----------J 

Note 5 

Address 0 

IRead) 

NOTE 5: This Program Enable tranistion must occur after the Program Pulse transition and before the Address Transition. 

WAVEFORM DEFINITIONS 

Waveform Input Output Waveform Input Output 
Symbol Symbol 

MUST BE WILLBE 

~ 
DON'r CARE CHANGING 

VALID VALID 
ANY CHANGE STATE 
PERMITTED UNKNOWN 

~ 
CHANGE WILL CHANGE 

FROM H TO L FROM HTO L ~ 
HIGH 

IMPEDANCE 

-.!ZllZT CHANGE WilL CHANGE 
FR(JM L TO H FROM L TO H 
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Data Out 
Valid 



TMS2716-TMS27A16 

PROGRAMMING INSTRUCTIONS 

After the completion of an ERASE operation, every bit 
in the device is in the "1" state (represented by Output 
High). Data are entered by programming zeros (Out· 
put Low) into the required bits. The words are addressed 
the same way as in the READ operation. A programmed 
"0" can only be changed to a "1" by ultraviolet light 
erasure. 

To set the memory up for programming mode, the 
VCc(E) input (Pin 24) should be raised to +12 V. Pro
gramming data is entered in 8-bit words through the data 
output terminals (000 to 007). 

The VDD and VBB supply voltages are the same as for 
the READ operation. 

After address and data setup, one program pulse per 
address is appl ied to the program input. A program loop is 
a full pass through all addresses. Total programming timel 
address, TPtotal = N X tPHPL;;;' 100 ms. The required 
number of program loops (N) is a function of the program 
pulse width (tPHPL) where: 0.1 ms';; tpHPL ,;; 1.0 ms; 
correspondingly, N is: 100';; N ,;; 1000. There must be 
N successive loops through all 2048 addresses. It is not 
permitted to apply more than one program pulse in 
succession to the same address (i.e., N program pulses to 
an address and then change to the next address to be 
programmed). At the end of a program sequence the 
Program Enable (E) falling edge transition must occur 
before the first address transition, when changing from 
a PROGRAM to a READ cycle. The program pin should 
be pulled down to VI LP with an active device, because 
this pin sources a small amount of current (lIPL) when 
(E) is at VIHW (12 V) and the program pulse is at VI LP. 
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EXAMPLE FOR PROGRAMMING 
Always use the TPtotal = N X tPHPL ;;;. 100 ms 

relationship. 
1. All 16,384 bits should be programmed with a 0.2 ms 

program pulse width. 
The minimum number of program loops: 

N = TPtotal = 100 ms = 500. 
tpHPL 0.2 ms 

One program loop consists of words 0 to 2047. 
2. Words 0 to 200 and 300 to 700 are to be pro

grammed. All other bits are "don't care". The program 
pulse width is 0.5 ms. The minimum number of program 
loops, N = 100/0.5 = 200. One program loop consists of 
words 0 to 2047. The data entered into the "don't care" 
bits should be all 1 s. 

3. Same requirements as example 2, but the EPROM is 
now to b~ updated to include data for words 850 to 880. 
The minimum number of program loops is the same as in 
the previous example, N = 200. One program loop consists 
of words 0 to 2047. The data entered into the "don't 
care" bits should be all 1 s. Addresses 0 to 200 and 
300 to 700 must be reprogrammed with their original 
data pattern. 

ERASING INSTRUCTIONS 

The TMS2716/27A16 can be erased by exposure to 
high intensity shortwave ultraviolet light, with a wave

length of 2537 A. The recommended integrated dose (i.e., 
UV-intensity X exposure time) is 12.5 Ws/cm 2. As an 
example, using the "Model 30-000" UV-Eraser (Turner 
Designs, Mountain View, CA 94043) the ERASE-time is 
30 minutes. The lamps should be used without shortwave 
filters and the TMS2716127A 16 should be positioned 
about one inch away from the UV-tubes. 



® MOTOROLA 

2048 x 8-BIT UV ERASABLE PROM 

The MCM2716 is a 16,384-bit Erasable and Electrically Reprogram
mabie PROM designed for system debug usage and similar applications 
requiring -nonvolatile memory that could be reprogrammed periodically_ 
The transparent lid on the package allows the memory content to be 
erased with ultraviolet light. 

Fur ease of use, the device operates from a single power supply and 
has a static power-down mode. Pin-for-pin mask programmable ROMs 
are available for large volume production runs of systems initially using 
the MCM2716. 

It Single 5 V Power Supply 

• Automatic Power-down Mode tStandbyl 

• Organized as 2048 Bytes of B Bits 

• TTL Compatible During Read and Program 

• Maximum Access Time=450 ns MCM2716 

• Pin Equivalent to Intel's 2716 
CO) Pin Compatible-to MCM6BA316E 

o Output Enable Active Level is User Selectable 

MOTOROLA'S PIN·COMPATIBLE EPROM FAMILY 
12K 11K 

MCIIII7I4 

MOTOROLA'S PIN-COMPATIBLE ROM FAMILY 
12K 

INDUSTRY STANDARD PINOUTS 
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MCM2716 

MOS 
tN-CHANNEL, SILICON-GATE) 

2048 x a.:BIT 
UV ERASABLE PROM 

L SUFFIX CERAMIC PACKAGE 
ALSO AVAILABLE - CASE 716 

PIN ASSIGNMENT 

·Pin NameS 

A_ . __ Address 

Vec 
AS 

A9 

Ifpp 

G" 

Al0 

E/Progr 

DQ7 

D06 

D05 

D04 

D03 

DO . _ . _ Data Input/Output 
E/Progr .. __ Chip Enable/Program 

G . . . _ Output Enable 

• New industry standard nomenclature 

DS-9518Rl/1-79 

i 

d 



MCM2716 

ABSOLUTE MAXIMUM RATINGS 
Rating Value Unit 

Temperature Under Bias (Vpp=5 VI -10to+80 DC 

Operating Temperature Range o to + 70 DC 

Storage Temperature -65 to + 125 DC 

All Input or Output Voltages with Respect to VSS +6 to -0.3 V 

Vpp Supply Voltage with Respect to VSS +28 to -0.3 V 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex· 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT· 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 

MODE SELECTION 

Mode 

Read 

Output Disable 

Standby 

Program 

Program Verify 

Program Inhibit 

'In the Read Mode if V pp:. VIH, then G (active low) 
VpPSVIL, then G (active high) 

E/Progr 

G 

BLOCK DIAGRAM 

Data Input/Output DOD-DQ7 

~ 

9-11, 
13-17 12 
DQ VSS 

Data Out VSS 
High Z VSS 
High Z VSS 

Data In VSS 

Data Out VSS 

High Z VSS 

This device contains circuitry to protect the inputs 
against damage due to high static voltages or elec
tric fields; however, it is advised that normal precau
tions be taken to avoid application of any voltage 
higher than maximum rated voltages to this high
impedance circuit. 

Pin Number 

18 20 21 24 
E/Progr Ci' Vpp VCC 

VIL VIL VCC' VCC 
Don't Care VIH VCC' VCC 

VIH Don't Care VCC VCC 

Pulsed 
VIH VPPH VCC 

VIL to VIH 

VIL VIL VPPH VCC 

VIL VIH V!'PH VCC 

FIGURE 1 - AC TEST LOAD 

5.DV 

Test Point 0--~-... --i1oa1-4 

AD-AID 

Y Gating 

Memory 
Matrix 

(l28x 128) 
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'100 pF 

'Includes Jig Capacitance 

MMD6150 
or Equiv. 
MMD7000 
or Equiv. 



MCM2716 

CAPACITANCE (f= 1.0 MHz, T = 25'C, periodically sampled rather than 100% tested I 

Characteristic 

Input Capacitance (Vin = 0 VI 

Output Capacitance (Vout=O VI 

Capacitance measured with a Boonton Mater or effective capacitance calculated from the1equation: C = ~ 
tJ.V· 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted) 

RECOMMENDED DC READ OPERATING CONDITIONS 
Parameter Symbol Min Nom Max Unit 

Supply Voltage' 
MCM2716 VCC 4.75 5.0 5.25 V 

VPP 4.75 5.0 5.25 

Input High Voltage VIH 2.0 VCC+ 1.0 V 

Input Low Voltage VIL 0.1' O.S V 

RECOMMENDED DC OPERATING CHARACTERISTICS 

Characteristic Condition Symbol 
MCM2716 

Units 
Min Typ Max 

Address, G and 'E/Progr Input Sink Current Vin=5.25 V lin - - 10 ,.A 

Output Leakage Current 
Vout -5.25 V 

ILO - - 10 

G=5.0 V 
p.A 

VCC Supply Current (Standbyl 2716 
'EiProgr= VIH 

ICCl - - 25 mA 
G=VIL 

VCC Supply Current (Activel 2716 (Outputs Openl G = E/Progr= 
ICC2 - - 100 mA 

VIL 

VPP Supply Current' Vpp-5.25 V IpPl - - 5.0 mA 

Output Low Voltage IOL-2.1 rnA VOL - - 0.45 V 

Output High Voltage IOH = - 400 p.A VOH 2.4 - - V 

'VCC must be applied simultaneously or prior to Vpp. VCC must also be switched off simultaneously with or after Vpp. With VPP connected 
directly to VCC during the read operation, the supply current would then be the sum of IpPl and ICC. 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
IFull operating voltage and temperature range unless otherwise notedl 

Input Pulse Levels .................. 0.8 Volt and 2.2 Volts Input and Output Timing Levels .......... 2.0 and 0.8 Volts 
Input Rise and Fall Times .......................... 20 ns Output Load .............................. See Figure 1 

Characteristic Condition Symbol 
MCM2716 

Units 
Min Max 

Address Valid to Output Valid E/Progr=G=VIL tAVOV - 450 

E/Progr to Output Valid INote 21 tELOV - 450 

Output Enable to Output Valid E/Progr= VIL tGLOV - 150 

E/Progr to High Z Output 
ns 

- tEHOZ 0 100 

Output Disable to High Z Output E/Progr- VIL tGHOZ 0 100 

Data Hold from Address E/Progr-G-VIL tAXDX 0 -
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MCM2716 

READ MODE TIMING DIAGRAMS ie"tProgr= VILi 

STANDBY MODE IOutput Enable=VIL) 
Standby Mode IE/Progr= VIH) 

Output Valid 

Active Mode 

tELOV INote 2) 

Output Valid 

NOTE 2: tELOV is referenced to E/Progr or stable address, whichever occurs last. 

DC PROGRAMMING CONDITIONS AND CHARACTERISTICS 
ITA=25°C±5°C) 

RECOMMENDED PROGRAMMING OPERATING CONDITIONS 
Parameter Symbol Min 

Supply Voltage VCC.VPPL 4.75 
VPPH 24 

Input High Voltage for Data VIH 2.2 

Input Low Voltage for Data VIL -0.1 

PROGRAMMING OPERATION DC CHARACTERISTICS 
Characteristic Condition Symbol Min 

Address, G and E/Progr Input Sink Current Yin - 5.25 V 10,45V III 

Ypp Programming Pulse Supply Current IVpp - 25 V ± 1 VI ~Progr-VIH IpP2 

VCC Supply Current IOutputs Open) - ICC 

AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS 
Characteristic Symbol 

Address Setup Time tAVEH 
Output Enable High to Program Pulse tGHEH 
Data Setup Time tDVEH 
Address Hold Time tELAX 
Output Enable Hold Time tELGL 
Data Hold Time tELOZ 
Ypp Setup Time tPHEH 
Ypp to"Enable Low Time tELPL 
Output Disable to High Z Output tGHOZ 
Output Enable to Valid Data IE/Progr- VILi tGLOV 
Program Pulse Width tEHEL 
Program Pulse Aise Time tpA 

Program Pulse Fall Time tPF 

Nom Max Unit 

5.0 5.25 V 
25 26 

- VCC + 1 V 

- 0.8 V 

Typ Max Unit 

10 ~A 

30 mA 

160 mA 

Min Max Unit 

2.0 - I's 
2.0 - I's 

2.0 - I's 

2.0 - I's 
2.0 - I's 
2.0 - I's 

0 - ns 

0 - ns 

0 150 ns 

- 150 ns 
1· 55 ms 

5 - ns 

5 - ns 
.. 

·If shorter than 45 ms Imln) pulses are used, the same number of pulses should be applied after the specific data has been verified to ensure that 
good programming levels have been written. 
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MCM2716 

PROGRAMMING OPERATION TIMING DIAGRAM 

l~::::::::P~ro~g~ra~m~::::::~~::::::::::Pr~o~g~ra:m~v~e~r:ifY~::::~~~ ________ _ 
VIH- -------.. 

A (Address) Address N Valid 

VIL -------' 1'---------+-----------4 "-+----
tAVEH 1+---~tELAX-----_+I 

G (Output VIH-
Enable) VIL - ________ -' 

VOHIVIH-.-------h .I<"I1--------+--"T'7'..,....,.4.. ./...--------h-.....,"'" 
o or Q IData) 

VOL!VIL -.-------......... l"":1----------!----I~.4..I.:v 

tGHEH 
tOVEH 

"-;;:"":"=-tEHEL 

E/Progr 
VIH

VIL ---------71 

VPP 

PROGRAMMING INSTRUCTIONS 
Before programming, the memory should be submitted to 

a full ERASE operation to ensure every bit in the device is in 
the "1" state I represented by Output High), Data are entered 
by programming zeros IOutput Lowl into the required bits. 
The words are addressed the same way as in the READ 
operation. A programmed "0" can only be changed to a "1" 
by ultraviolet light erasure. 

To set the memory up for Program Mode, the VPP input 
I Pin 21 I should be raised to + 25 V. The V CC supply voltage 
is the same as for the Read operation and G is at VIH. Pro
gramming data is entered in B-bit words through the data out 
IDOl terminals. Only "0 s" will be programmed when "O's" 
and "1 S" are entered in the B-bit data word. 

After address and £!Ita setup, a program pulse IVIL to 
VIHI is applied to the E/Progr input. A program pulse is ap
plied to each address location to be programmed. To 
minimize programming time, a 2 ms pulse Width is recom
mended. The maximum program pulse width is 55 ms; 
therefore, programm!!!g must not be attempted with a dc 
signal applied to the E/Progr input. 

Multiple MCM2716s may be programmed in parallel by 
connecting I£gether like inputs and applying the program 
pulse to the EI Progr inputs. Different data may be program
med into multiple MCM2716s connected in parallel by using 
the PROGRAM INHIBIT mode. Except for the E/Progr pin, 
all like inputs !including Output Enablel may be common. 

The PROGRAM VERIFY mode with Vpp at 25 V is used to 
determine that all programmed bits were correctly program
med. 
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READ OPERATION 

After access time, data is valid at the outputs in the READ 
mode. With stable system addresses, effectively faster ac
cess time can be obtained by gating the data onto the bus 
with Output Enable. 

The Standby mode is available to reduce active power 
dissipation. The outputs are in the high impedance state 
when the E/Progr input pin is high IVIHI independent of the 
Output Enable input. 

ERASING INSTRUCTIONS 

The MCM2716 can be erased by exposure to high intensity 
shortwave ultraviolet light, with a wavelength of '2£37 
angstroms. The recommended integrated dose (Le., UV
intensity X exposure timel is 15 Ws/cm2. As an example, us
ing the "Model 30-000" UV-Eraser (Turner Designs, Moun
tain View, CA 940431 the ERASE-time is 36 minutes. The 
lamps should be used without shortwave filters and the 
MCM2716 should be positioned about one inch away from 
the UV-tubes. 

RECOMMENDED OPERATING PROCEDURES 
After erasure and reprogramming of the EPROM, it is 

recommended that the quartz window be covered with an 
opaque self-adhesive cover. It is important that the self
adhesive cover not leave any residue on the quartz if it is 
removed to allow another erasure. 

d 
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MCM2716 

TIMING PARAMETER ABBREVIATIONS TIMING LIMITS 
t X X X X 

Sign. al name from which interval is defined ---..J I I I 
transition direction for first signal 

signal name to which interval is defined 
transition direction for second signal 

The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus, ad
dress setup time is shown as a minimum since the system 
must supply at least that much time (even though most 
devices do not require itl. On the other hand, responses from 
the memory are specified from the device point of view. 
Thus, the access time is shown .as a maximum since the 
device never provides data later than that time. 

The transition definitions used in this data sheet are: 
H = transition to high 
L = transition to low 
V = transition to valid 
X = transition to invalid or don't care 
Z = transition to off (high impedance) 

Waveform 
Symbol 

~ 

~ 

lR0lN 

==>-

WAVEFORMS 

Input 

Must Be 
Valid 

Change 
From H to L 

Change 
From L to H 

Don't Care: 
Any Change 

Permitted 
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Output 

Will Be 
Valid 

Will Change 
From H to L 

Will Change 
From L to H 

Changing: 
State 

Unknown 

High 
Impedance 



® MOTOROLA 

4096 x 8-BIT UV ERASABLE PROM 

The MCM2532 is a 32,768-bit Erasable and Electrically Reprogram
mabie PROM designed for system debug usage and similar applications 
requiring nonvolatile memory that could be reprogrammed periodically. 
The transparent window in the package allows the memory content to 
be erased with ultraviolet light. 

For ease of use, the device operates from a single power supply and 
has static power-down mode. Pin-far-pin compatible mask program
mable ROMs are available for large volume production runs of systems 
initially using the MCM2532. 

• Single + 5 V Power Supply 
o Organized as 4096 Bytes of 8 Bits 

• Automatic Power-Down Mode (Standby) 

• Fully Static Operation (No Clocks) 

• TTL Compatible During Both Read and Program 
• Maximum Access Time;450 ns MCM2532 
o Pin Compatible with MCM68A332 Mask Programmable ROMs 
G Power MCM2532 

Active - 150 mA Max 
Standby - 25 mA Max 

MOTOROLA'S PIN·COMPATIBLE EPROM FAMILY 

MCM88784 

32K 18K 

MOTOROLA'S PIN·COMPATIBLE ROM FAMILY 

INDUSTRY STANDARD PINOUTS 

t:l 03 

MCM88A318E 

4-21 

MCM2532 

MOS 
(N·CHANNEL, SILICON-GATE) 

4096 X B-BIT 
UV ERASABLE PROM 

·PIN NAMES 

A ...... , .. , ................. Address 
DO ............ , ... Data Input/Output 
E/ Progr. . . . . . . . Dual Function Enable 

(Power-Down/Program Pulse) 

-New Industry standard nomenclature 

DS-9816/4-80 
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MCM2532 

ABSOLUTE MAXIMUM RATINGS 

Rating Value Unit 

Temperature Under Bias IVpp = 5 VI -10 to +80 'e 

Operating Temperature Range o to + 70 'e 

Storage Temperature -65 to + 125 'e 

All Input/Output Voltages with 
+6 to -0.3 V 

Respect to VSS 

Vpp Supply Voltage with Respect to VSS +2B to -0.3 V 

NOTE: Permanent device damage may occur If ABSOLUTE MAXIMUM RATINGS are ex
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability, 

MODE SELECTION 

Mode 

Read 

Output Disable 

Standby 

Program 

Program Verify 

Program Inhibit 

BLOCK DIAGRAM 

Data Input/Output DOo-DOl 

~ 

This device contains circuitry to protect the inputs 
against damage due to high static voltages or elec· 
tric fields; however, it is advised that normal precau
tions be taken to avoid application of any voltage 
higher than maximum rated voltages to this high
impedance circuit. 

Pin Number 

9-", 12 20 21 24 
13-17 

VSS EtProgr Vpp VCC DQ 

Data Out VSS VIL 5V Vee 

High Z VSS VIH 5to 25 V Vee 

High Z VSS VIH 5V Vee 

Data In VSS 
Pulsed 

VPPH Vee 
VIH to VIL 

Data Out VSS VIL 5V Vee 

High Z VSS VIH VPPH Vee 

FIGURE 1 - AC TEST LOAD 

5.0 V 

Test Point 0--r--"""---1141---4 

Ao-Al0 

Y Gating 

Memory 
Matrix 

1256 x 1281 
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"100 pF 

"Includes Jig Capacitance 

MMD6150 
or Equiv. 
MMD7000 
or Equiv. 



MCM2532 

CAPACITANCE If = 1.0 MHz, TA= 25'C, periodically sampled rather than 100% tested. I 

Characteristic 

Input Capacitance IV in = 0 VI 

Output Capacitance IVout - 0 VI 

Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C= ltJ,.t1tl.V. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
IFuily operating voltage and temperature range unless otherwise noted I 

RECOMMENDED DC OPERATING CONDITIONS 

Parameter Symbol Min Typ 

Supply Voltage" MCM2532 VCC 4.75 5.0 
Vpp 4.75 5.0 

Input High Voltage VIH 2.2 -
Input Low Voltage VIL -0.1 -

RECOMMENDED DC OPERATING CHARACTERISTICS 

Characteristic Condition Symbol 

Address and E Input Sink Current Vin=5.25 V lin 
Output Leak.age Current Vout=5.25 V ILO 

VCC Supply Current" IStandbyl MCM2532 E=VIH ICCl 

VCC Supply Current" (Activel MCM2532 E-VIL ICC2 

Vpp Supply Current" Vpp-5.25 V IPPl 
Output Low Voltage IOL=2.1 rnA VOL 
Output High Voltage IOH- -400 "A VOH 

Max Unit 

5.25 
V 

5.25 

VCC+1.0 V 

0.65 V 

Min Max Unit 

- 10 I"A 

- 10 I"A 
- 25 rnA 

- 150 rnA 

- 5.0 rnA 

- 0.45 V 

2.4 - V 

·Vee must be applied simultaneously or prior to Vpp. Vee must also be switched off simultaneously with or after Vpp. With Vpp connected 
directly to VCC during the read operation, the supply current would be the sum of IPPl and ICC. 

AC READ OPERATING CONDITIONS AND CHARACTERISTICS 
(Full Operating Voltage and Temperature Range Unless Oth~rwise Notedl 

Input Pulse Levels ... 
Input Rise and Fall Times. 

.... 0.65 Volt and 2.2 Volts 
......... 20ns 

Input and Output Timing Levels ................. O.S and 2.0 Vplts 
Output Load. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .. See Figure 1 

Characteristic Symbol Min Max Unit 

Address Valid to Output Valid (E/Progr= VIU tAVOV - 450 ns 

E to Output Valid tELOV - 450 ns 

r to High Z Output tEHOZ a 100 ns 

Data Hold from Address (E= VILI tAXOX 0 - ns 
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READ MODE TIMING DIAGRAMS (E = VILI 

, """~"==1 '""CO" """ 

~ a (Data Outl 

STANDBY MODE 

A (Address) Address Valid New Address Valid 

/ Standby Mode \ Active Mode 

'"'' t= ________ \ 
C Output Valid r-

rr-tEHOZ -
a (Data Ou1l Output Valid ~----HighZ 

DC PROGRAMMING CONDITIONS AND CHARACTERISTICS 
(T A = 25'C± 5'C) 

RECOMMENDED PROGRAMMING OPERATION CONDITIONS 
Parameter Symbol 

Supply Voltage VCC,VPPL 
VpPH 

Input High Voltage for Data VIH 
Input Low Voltage for Data VIL 

Min 

4.75 
24 

2.2 

-0.1 

Nom Max Unit 

5.0 5.25 V 
25 26 
- VCC+ 1 V 
- 0.65 V 

·Vee must be applied simultaneously or prior to Vpp. Vee must also be switched off simultaneously with or after Vpp. The 
device must not be inserted into or removed from a board with Vpp at + 25 V. Vpp must not exceed the + 26 V maximum 
specifications. 

PROGRAMMING OPERATION DC CHARACTERISTICS 
Characteristic Condition Symbol Min Typ Max Unit 

Address and E/Progr Input Sink Current Yin = 5.25 V 10.45 V III - - 10 ~A 

VPP Programming Pulse Supply Current IVpp = 25 V ± 1 V) E/Progr= VIL IPP2 - - 30 mA 

Vce Supply Current - MCM2532 - ICC - - 160 mA 

AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS 
Characteristic Symbol Min Max Unit 

Address Setup Time tAVEL 2.0 - ~s 

Vpp Setup Time tpHEL 0 - ns 

Data Setup Time tDVEL 2.0 - ~s 

Address Hold Time tEHAX 2.0 - ~s 

Vpp to Enable Low Time tPLEL 0 - ns 

Data Hold Time tEHOZ 2.0 - ~s 

Vpp Hold Time tEHPL 0 - ns 

Enable IProgram) Active Time tELEH 1" 55 ms 

Enab)e iE/Progrl Puise Transition Time tTIPE) 5 - ns 

VPP Rise and Fall Time from 5 to 25 V tR, tF 0.5 2 ~s 

*If shorter than 45 ms (min) pulses are used, the same number of pulses should be applied after the specific data has been verified. To ensure 
that good programming levels have been written, see special programming. 
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PROGRAMMING OPERATION TIMING OIAGRAM 

"*-------Program Program VerifY~ 
VIH------~ 

A (Addressl 
VIL-------..J 

VOHIVIH 
o or 0 (Datal ------Hi-Z-------<I 

~'-----
Address N Valid 

,,*---tEHAX:---+i 

Output Valid 1>----( 
VOLIVIL 1'--------,---'1 

tELOV 

VIH---------t--------,!.l 
E/Progr 

VIL 

VPPH~~~V'_~~~~~---------------~~~~ 
VPP 
VPPL 6t.1t..I:.c..~.t::.t:.IC:JL.~CY 

PROGRAMMING INSTRUCTIONS 

Before programming, the memory should be submitted to 
a full ERASE operation to ensure every bit in the device is in 
the "1" state Irepresented by Output Highl. Data are entered 
by programming zeros IOutput Low) into the required bits. 
The words are addressed the same way as in the READ 
operation. A programmed "0" can only be changed to a "1" 
by ultraviolet light erasure. 

To set the memory up for PROGRAM mode, the VPP in
put Ipin 21) should be raised to +25 V. The VCC supply 
voltage is the same as for the READ operation. Programming 
data is entered in B-bit words through the data out IDa) ter
minals while E/Progr is high. Only "O's" will be programmed 
when "O's" and ''1's'' are entered in the data word. 

After address and data setup, a 50 ms program pulse IVIH 
to VILI is applied to the EI Progr input. A program pulse is 
applied to each address location to be programmed. The 
maximum program pulse width is 55 ms; therefore, program
ming must not be attempted with a dc signal applied to the 
EI Progr input. 

Multiple MCM2532s may be programmed in parallel with 
the same data by connecting together like inputs and apply
ing the program pulse to the EI f'rQ9r inputs. Different data 
may be programmed into multiple MCM2532s connected in 
parallel by using the PROGRAM INHIBIT mode. Except for 
the E/Progr pin, all like inputs may be common. 

PROGRAM VERIFY for the MCM2532 is the read opera
tion. 

SPECIAL PROGRAMMING 
The MCM2532 can be programmed with pulses as short as 

2 milliseconds to minimize programming time. This can 
represent considerable cost savings when programming a 
large number of devices. 

4-25 

To take full advantage of the shorter programming pulses, 
an iterative algorithm is recommended. Actual programming 
algorithms can be varied provided the following conditions 
are met: 1) Program pulses will be applied one to each se
quentiallocation Ino multiple pulses at one locationl; and 21 
after the part programs successfully, five additional 2 
millisecond pulses should be applied at each location. 

Using this iterative method, the programming time per 
location becomes 12 milliseconds minimum to 50 
milliseconds maximum. 

READ OPERATION 

After access time, data is valid at the outputs in the READ 
mode. 

ERASING INSTRUCTIONS 

The MCM2532 can be erased by exposure to high intensity 
shortwave ultraviolet light, with a wave-length of 2537 
angstroms. The recommended integrated does Ii.e., UV
intensity X exposure timel is 15 Ws/cm2. As an example, us
ing the "Model 30-000" UV-Eraser Turner Designs, Moun
tain View, CA 940431 the ERASE-time is 36 minutes. The 
lamps should be used without shortwave filters and the 
MCM2532 should be positioned about one inch away from 
the UV-tubes. 

RECOMMENDED OPERATING PROCEDURES 
After erasure and reprogramming of the EPROM, it is 

recommended that the quartz window be covered with an 
opaque self-adhesive cover. It is important that the self
adhesive cover not leave any residue on the quartz if it is 
removed to allow another erasure. 



MCM2532 

TIMING PARAMETER ABBREVIATIONS TIMING LIMITS 
t X X X X 

signal name from which interval is defined-' I I I 
transition direction for first signal 

signal name to which interval is defined 
transition direction for second signal 

The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus, ad
dress setup time is shown as a minimum since the system 
must supply at least that much time (even though most 
devices do not require itl. On the other hand, responses from 
the memory are specified from the device point of view. 
Thus, the access time is shown as a maximum since the 
device never provides data later than that time. 

The transition definitions used in this data sheet are: 
H = transition to high 
L = transition to low 
V = transition to valid 
X = transition to invalid or don't care 
Z = transition to off (high impedance I 

Waveform 
Symbol 

~ 

--..iZlZ7 

l0lNN 

~ 

WAVEFORMS 

Input 

Must Be 
Valid 

Change 
From H to L 

Change 
From L to H 

Don't Care: 
Any Change 

Permitted 
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Output 

Will Be 
Valid 

Will Change 
From H to L 

Will Change 
From L to H 

Changing: 
State 

Unknown 

High 
Impedance 



® MOTOROLA 

64K-BIT UV ERASABLE PROM 

The MCM68764 is a 65,536-bit Erasable and Electrically Reprogram
mabie PROM designed for system debug usage and similar applications 
requiring nonvolatile memory that could be reprogrammed periodically, 
or for replacing 64K ROMs for fast turnaround time. The transparent 
window on the package allows the memory content to be erased with 
ultraviolet light. 

For ease of use, the device operates from a single power supply and 
has a static power-down mode. Pin-for-pin mask programmable ROMs 
are available for large volume production runs of systems initially using 
the MCM68764. 

• Single + 5 V Power Supply 
• Automatic Power-down Mode IStandby) with Chip Enable 

• Organized as 8192 Bytes of 8 Bits 
C!I Power Dissipation 

120 mA Active Maximum 
25 mA Standby Maximum 

• Fully TTL Compatible 
• Maximum Access Time;450 ns MCM68764 

350 ns MCM68764-35 

• Standard 24-Pin DIP for EPROM Upgradability 
• Pin Compatible to MCM68A364 Mask Programmable ROM 

MOTOROLA'S PIN·COMPATIBLE EPROM FAMILY 

MOTOROLA'S PIN·COMPATIBLE ROM FAMILY 

32K 

INDUSTRY STANDARD PINOUTS 
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MCM68764 

MOS 
IN-CHANNEL, SILICON-GATE) 

8192x8-BIT 
UV ERASABLE 

PROGRAMMABLE READ 
ONLY MEMORY 

FRIT-SEAL CERAMIC PACKAGE 
CASE 623A 

L SUFFIX CERAMIC PACKAGE 
ALSO AVAILABLE - CASE 716 

PIN ASSIGNMENT 

A6 

Vss 

Pin Names 

A .... Address 

Vce 
A8 

A9 

A12 

E/vpp 

A10 

Al1 

D07 

D06 

D05 

D04 

DQ3 

00 .... Data Input/Output 
E/Vpp .... ~/Program 

DS-9815R2/4-82 

1 

~ 



MCM68764 

ABSOLUTE MAXIMUM RATINGS (See Notel 

Rating Value Unit 

Temperature Under Bias -10to +80 'c 
Operating Temperature Range o to + 70 'c 
Storage Temperature -65 to + 125 'c 
All Input or Output Voltages with Respect to VSS +6 to -0.3 V 

Vpp Supply Voltage with Respect to VSS +28 to -0.3 V 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 

MODE SELECTION 

Read 

Output Disable 

Standby 

Program 

VCC __ 

VSS __ 

Mode 

BLOCK DIAGRAM 

Data Input/ Output DOO-DQ7 

~ 

This device contains circuitry to protect the inputs 
against damage due to high static voltages or elec
tric fields; however, it is advised that normal precau
tions be taken to avoid application of any voltage 
higher than maximum rated voltages to this high
impedance circuit. 

Pin Number 

9-11, 
12 20 24 

13-17, 
VSS EIVpp VCC DQ 

Data out VSS VIL VCC 
High-Z VSS VIH VCC 
High-Z VSS VIH VCC 

Data in VSS 
Pulsed 

VCC 
VILP to VIHP --

FIGURE 1 - AC TEST LOAD 

5.0 V 

Test Point o--f--'1"----1~t---1 

"100 pF 

-Includes Jig Capacitance 
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MMD6150 
or Equiv. 
'MMD7OOO 
or Equiv. 



MCM68764 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise notedl 

CAPACITANCE 11= 1 a MHz TA - 25'C VCC-5 V periodically sampled rather than 100% testedl - -
Characteristic 

Input Capacitance (Vin=O VI Except E/vpp 

Input Capacitance E/vpp 

Output Capacitance (V out - a VI 

Symbol 

Cin 

Gin 

Cout 

Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = l.6.t/.6. V. 

RECOMMENDED DC OPERATING CONDITIONS 
Parameter Symbol Min Nom 

Supply Voltage MCM68764, MCM68764-35 VCC 4.75 5.0 

Input High Voltage VIH 2.0 -
Input Low Voltage VIL -0.1 -

RECOMMENDED DC OPERATING CHARACTERISTICS 

Typ Max 

4.0 6.0 

60 100 

8.0 12 

Max 

5.25 

VCC+ 1.0 

0.8 

Condition Symbol 
MCM68764 

Characteristic 
Min Typ Max 

Address Input Sink Current Vin=5.25 V lin - - 10 

Output Leakage Current Vout =5.25 V ILO - - 10 

E/Vpp Input Sink Current E/vpp=O.4 IEL - - 100 

E/Vpp=2.4 IFH=IPL - - 400 

VCC Supply Current (Standby! MCM68764 E/VpP=VIH ICCl - - 25 

VCC Supply Current (Standby! MCM68764-35 E/VpP=VIH ICCl - - 25 

Vec Supply Current (Active! MCM68764 (Outputs Open! E/VpP=VIL ICC2 - - 120 

VCC Supply Current (Active! MCM68764-35 (Outputs Open! E/VpP=VIL ICC2 - - 160 

Output Low Voltage IOL=2.1 mA VOL - - 0.45 

Output High Voltage IOH- -400I'A VOH 2.4 - -

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted) 

Input Pulse Levels ............ 0.8 Volt and 2.2 Volts 

Unit 

pF 

pF 

pF 

Unit 

V 

V 

V 

Units 

I.A 

I'A 

I'A 

I'A 
mA 

mA 

mA 

mA 

V 

V 

Input Rise and Fall Times ........ .... ..... ...... ......... . .... 20 ns Output Timing Levels .. . . ...... 0.8 Volt and 2 Volts 
Input Timing Levels.. .... ..... ... ........ ... . ... 1.0 and 2 Volts Output Load ............. . . ..... See Figure 1 

MCM68764-
MCM68764 

35 
Characteristic Condition Symbol 

Min Max Min Max 
Units 

Address Valid to Output Valid E = VIL 
tAVOV - 350 - 450 ns 

Chip Enable to Output Valid - tELOV - 350 - 450 ns 

Chip Enable to Output High Z tEHOZ 0 100 a 100 ns 

Data Hold from Address E - VIL tAXDX a - 0 - ns 

READ MODE TIMING DIAGRAM 

_____ ~ Address Valid 

, "'ttAVOV--! 

x'--__ A (Address! 

EiVpp 

tEHOZ 

High-Z 
o (Outputl---------< Data Valid 

High-Z 
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MCM68764 

DC PROGRAMMING CONDITIONS AND CHARACTERISTICS 
HA=25± 5°CI 

RECOMMENDED PROGRAMMING OPERATING CONDITIONS 
Parameter Symbol Min Nom 

Supply Voltage VCC 4.75 5.0 

Input High Voltage for All Addresses and Data VIH 2.2 -
Input Low Voltage for All Addresses and Data VIL -0.1 -

Program Pulse Input High Voltage VIHP 24 25 

Program Pulse Input Low Voltage VILP 2.0 VCC 

PROGRAMMING OPERATION DC CHARACTERISTICS 
Characteristic Condition Symbol Min Typ 

Address Input Sink Current Vin = 5.25 V III - -
Vpp Program Pulse Supply Current (Vpp - 25 V ± 1 VI - IpH - -
Vpp Supply Current IVpp - 2.4 VI - IPL - IEH - -
VCC Supply Current (Vpp-5.0 VI ICC 

AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS 
Characterist~c Symbol 

Address Setup Time tAVPH 
Data Setup Time tDVPH 
Chip Enable to Valid Data tELQV 
Chip Disable to Data In tEHDV 
Program Pulse Width tpHPL 
Program Pulse Rise Time tPR 
Program Pulse Fall Time tPF 
Cumulative ProQramminQ Time Per Word· trp 

Max Unit 

5.25 V 

VCC + 1 V 

0.8 V 

26 V 

6.0 V 

Max Unit 

10 "A 
30 mA 

400 "A 
160 mA 

Min Max Unit 

2.0 - lis 

2.0 - ,,~ 

450 - ns 

2.0 - lis 

1.9 2.1 ms 

0.5 2.0 ". 
0.5 2.0 liS 

12 50 ms 

• Block mode programming must be used. Block mode programming IS defined as one program pulse applied to each of the 8.192 address loca
tions in sequence. Multiple blocks are used to accumulate programming time (tcp). If less than 25 two millisecond pulses are required to verify 
programming, then 5 additional 2 millisecond pulses are required to ensure proper operating margins (i.e., 2 ms + 5 x 2 rnS= 12 ms minimum 
tcpl. 

PROGRAMMING OPERATION TIMING DIAGRAM 

A (Addressl Address a 

Dar Q IDatal Data Out 

ElVpp 

tPF tELQV 

.lDVPH 
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MCM68764 

PROGRAMMING INSTRUCTIONS 

Before programming, the memory should be submitted to 
a full erase olJeration to ensure that every bit isin the "1" 
state Irepresented by Output High). Data is entered by pro
gramming zeros IOutput Low) into the required bits. The 
words are addressed the same way as in the READ opera
tion. A programmed "0" can only be changed to a "1" by 
ultraviolet erasure. 

To set the memory up for Program Mode, the ElVpp input 
I Pin 201 should be between + 2.0 and + 6.0 V, which will 
three-state the outputs and allow data to be setup on the DQ 
terminals. The VCC voltage is the same as for the Read 
operation. Only "D's" will be programmed when "D's" and 
"l's" are entered in the B-bit data word. 

After address and data setup, 25-volt programming pulse 
IVIH to VIHP) is applied to the ElVpp input. The program 
pulse width is 2 ms and the maXimum program pulse 
amplitude is 26 V. 

Multiple MCM68764s may be programmed in parallel by 
£onnecting like inputs and applying the program pulse to the 
ElVpp inputs. Different data may be programmed into multi
ple MCM68764s connected in parallel by selectively applying 
the programming pulse only to the MCM68764s to be pro
grammed. 

READ OPERATION 

After access time, data is valid at the outputs in the Read 
mode. A single input IElVpp) enables the outputs and puts 
the chip in active or standby mode. With ElVpp = "0" the 

outputs are enabled and the chip is in active mode; with 
ElVpp= "1" the outputs are three-stated and the chip is in 
standby mode. During standby mode, the power dissipation 
is reduced. 

Multiple MCM68764s may share a common data bus with 
like outputs OR-tied together. In this configuration, only one 
E/Vpp input should be low and no other device outputs 
should be active on the same bus. This will prevent data con
tention on the bus. 

ERASING INSRUCTIONS 
The MCM68764 can be erased by exposure to high intensi

ty shortwave ultraviolet light, with a wavelength of 2537 
angstroms. The recommended integrated dose li.e., UV
intensity X exposure time) is 15 Ws/cm2. As an example, us
ing the "Model 30-000" UV-Eraser lTurner Designs, Moun
tain View, CA 94043) the ERASE-time is 36 minutes. The 
lamps should be used without shortwave filters and the 
MCM68764 should be positioned about one inch away from 
the UV-tubes. 

RECOMMENDED OPERATING PROCEDURES 

After erasure and reprogramming of the EPROM, it is 
recommended that the quartz window he covered with an 
opaque self-adhesive cover. It is important that the self
adhesive cover not leave any residue on the quartz if it is 
removed to allow another erasure. 
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® MOTOROL.A 

Advance InforIllatlon 

8192x8-BIT UV ERASABLE PROM 

The MCM68766 is a 65,536-bit Erasable and Electrically Reprogram
mabie PROM designed for system debug usage and similar applications 
requiring nonvolatile memory that could be reprogrammed periodically, 
or for replacing 64K ROMs for fast turnaround time. The transparent 
window on the package allows the memory content to be erased with 
ultraviolet light. 

For ease of use, the device operates from a single power supply that 
has an output enable control and is pin-for-pin compatible with the 
MCM68366 mask programmable ROMs, which are available for large 
volume production runs of systems initially using the MCM68766. 

• Single + 5 V Power Supply 
• Organized as 8192 Bytes of 8 Bits 

• Fully TTL Compatible 
• Maximum Access Time=450 ns MCM68766 

350 ns MCM68766-35 

• Standard 24-Pin DIP for EPROM Upgradability 

• Pin Compatible to MCM68366 Mask Programmable ROM 

• Power Dissipation - 160 mA Maximum 

DQ. 
DQ2 11 
Yss 

MOTOROLA'S PIN·COMPATIBLE EPROM FAMILY 

84K 32K 18K 

MOTOROLA'S PIN·COMPATIBLE ROM FAMILY 

32K 18K 

INDUSTRY STANDARD PINOUTS 

This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 

4-32 

AAOO-1. 

MCM68766 

MOS 

IN-CHANNEL, SILICON-GATE) 

8192 X 8-BIT 
UV ERASABLE 

PROGRAMMABLE READ ONLY 
MEMORY 

L SUFFIX CERAMIC PACKAGE 
ALSO AVAILABLE - CASE 716 

PIN ASSIGNMENT 

VCC 

A6 AS 

A9 

A12 

AlO 

All 

DOl 

006 

005 

14 004 

Vss 13 003 L..-____ .J 

·Pin Names 
A...... ..Address 
00 .................... 08t8 Input/Output 
G/Vpp ........ Output Enable/ Program 

.. New industry standard nomenclature 

AOI-843Rl/12-81 



MCM68766 

ABSOLUTE MAXIMUM RATINGS 
Rating Value Unit 

Temperature Under Bias -10to +80 'c 
Operating Temperature Range o to + 70 'c 
Storage Temperature 65 to +125 'c 
All Input or Output Voltages with Respect to V SS +6 to -0.3 Vdc 

Vpp Supply Voltage with Respect to VSS +28 to -0.3 Vdc 

NOTE: Permanent device damage may occur If ABSOLUTE MAXIMUM RATINGS are ex
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 

MODE SELECTION 

Read 

Output Disable 

Program 

VCC --1> 

VSS--1> 

<rIVP9 

Mode 

BLOCK DIAGRAM 

Data Input/Output DOO-D07 

~ 

This device contains circuitry to protect the inputs 
against damage due to high static voltages or elec-
tric fields; however. it is advised that normal precau-
tions be taken to avoid application of any voltage 
higher than maximum rated voltages to this high-
impedance circuit. 

Pin Number 

9-11, 
12 20 24 13-17, 

DO VSS ~lVpp VCC 

Data Out VSS VIL VCC 
High-Z VSS VIH VCC 

Data In VSS 
Pulsed 

VCC VILP to VIHP 

FIGURE 1 - AC TEST LOAD 

6.0V 

Test Point o---r--~-lloll---+ 
Y Gating 

Memory 
Matrix 
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·100pF 

• Includes Jig Capacitance 

MMD6160 
or J:quiv. 
MMD7000 
or Equiv. 
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MCM68766 

CAPACITANCE (f -1 0 MHz T A - 25'C VCC - 5 V periodically sampled rather than 100% testedl - - -
Characteristic Symbol Typ 

Input Capacitance (V in = 0 VI Except GlVpp Gin 4.0 

Input Capacitance (GlVpp) Cin 60 

Output Capacitance IV out - 0 VI Cout 8.0 

Capacitance measured with a Boonton Meter or effective capacitance calculated from thel equation: C= l.6.t/.6.V. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise notedl 

RECOMMENDED DC OPERATING CONDITIONS 

Parameter Symbol 

Supply Voltage MCM68766 and MCM68766-35 VCC 

Min Nom 
4.75 5.0 

Max 

6.0 

100 

12 

Max 

5.25 

Input High Voltage VIH 2.0 VCC+1.0 

Input Low Voltage VIL 0.1 

DC OPERATING CHARACTERISTICS 

Characteristic Condition Symbol 

Address Input Sink Current Vin=5.25 V lin 
Output Leakage Current Vout-5.25 V ILO 
G"/Vpp Input Sink Current G"/Vpp~O.4 V IGL 

G/Vpp=2.4 V .IGH7 IPL 
VCC Supply Current (Outputs Open) GlVpP=VIL ICC 
Output Low Voltage 

Output High Voltage 

IOL=2.1 mA VOL 
IOH- -400 ~A VOH 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted) 

0.8 

Min Typ Max 

- - 10 

- - 10 

- - 100 

- - 400 

- - 160 

- - 0.45 

2.4 - -

Unit 

pF 

pF 

pF 

Unit 

V 

V 

V 

Unite 

~A 

~A 

~A 

~A 

mA 

V 

V 

Input Pulse Levels ................ . . ..... 0.8 Volt and 2.2 Volts 
Input Timing Levels ..................................... 1.0 Volt and 2 Volts 

Input Rise and Fall Times .... . 
Output Timing Levels ................................... 0.8 Volt and 2 Volts 
Output Load... ..................... . ............... See Figure 1 . .......................... 20 ns 

MCM687S6-
MCM88768 36 

Characteristic Condition Symbol 
Min Max Min Max 

Unite 

Address Valid to Output Valid G=VIL tAvaV - 360 - 450 ns 

G to Output Valid - 1GLav - 150 - 150 ns 

G to Hi-Z Output - tGHOZ 0 100 0 100 ns 

Data Hold from Address G=VIL tAXDX 0 - 0 - ns 

READ MODE TIMING DIAGRAM 

A (Address) __ >J:- Address Valid X~ __ 
' ~-tAvav --------' 

G/Vpp 

tGHaZ 

High-Z 
a (Output) ----------< Data Valid 

High-Z 
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DC PROGRAMMING CONDITIONS AND CHARACTERISTICS 
ITA=25± 5°C) 

RECOMMENDED PROGRAMMING OPERATING CONDITIONS 

Parametar Symbol Min Nom 

Supply Vo.ltage VCC 4.75 5.0 

Input High Voltage for All Addresses and Data VIH 2.2 -
Input Low Voltage for All Addresses and Data VIL -0.1 -
Program Pulse Input High Voltage VIHP 24 25 

Program Pulse Input Low Voltage VILP 2.0 VCC 

PROGRAMMING OPERATION DC CHARACTERISTICS 
Characteristic Condition Symbol Min Typ 

Address Input Sink Current Vin = 5.25 V III - -
Vpp Program Pulse Supply Current (Vpp - 25 V ± 1 VI - IpH - -
Vpp Supply Current (Vpp- 2.4 V) - IpL = IGH - -
VCC Supply Curient (Vpp=5 VI - ICC - -

AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS 
Characteristic Symbol 

Address Setup Time tAVPH 
Data Setup Time tDVPH 
Output Enable to Valid Data tGLOV 
Output Disable to Data In tGHDV 
Program Pulse Width tPHPL 
Program Pulse Aise Time tpA 

Program Pulse Fall Time tPF 

Cumulative Programming Time Per Word· tcp 

Max Un" 
5.25 V 

VCC + 1 V 

0.8 V 

26 V 

6.0 V 

Max Un" 

10 "A 
30 rnA 

400 "A 
160 rnA 

Min Max Un" 

2.0 - i'S 
2.0 - i'S 
150 - ns 

2.0 - i'S 
1.9 2.1 ms 

0.5 2.0 "s 
0.5 2.0 "s 
12 50 ms . Block mode programming must be used. Bleck mode programmlng.s defined as one program pulse applied to each ef the8,192 address loca

tiens in sequence. Multiple blecks are used to. accumulate pregramming time ItCpl. 

PAOGAAMMING OPEAATION TIMING DIAGAAM 

A (Address) Address 0 Address 1 ... 8,191 Address 0 

o or 0 (Datal Data In Data In Data Out 

tPHPL 

G/Vpp 

tPF tGLOV 
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PROGRAMMING INSTRUCTIONS 

After the completion of an ERASE operation, every bit in 
the device is in the "1" state (represented by Output High). 
Data are entered by programming zeros (Output Low) into 
the required bits. The words are addressed the same way as 
in the READ operation. A programmed "0" can only be 
changed to a "1" by ultraviolet light erasure. _ 

To set the memory up for Program Mode, the G/Vpp in
put (Pin 20) should be between + 2.0 and +6.0 V, which will 
three-state the outputs and allow data to be set up on the 
DQ terminals. The V CC voltage is the same as for the Read 
operation. Only "a's" will be programmed when "a's" and 
"1's" are entered in the 8-bit data word. 

After address and data setup, 25-volt programming pulse 
(VIH to VIHP) is applied to the G/Vpp input. The program 
pulse width is 2 ms and the maximum program pulse 
amplitude is 26 V. 

Multiple MCM68766s may be programmed in parallel by 
connecting like inputs and applying the program pulse to the 
G/Vpp inputs. Different data may be programmed into 
multiple MCM68766s connected in parallel by selectively ap
plying the programming pulse only to the MCM68768s to be 
programmed. 

READ OPERATION 
After access time, data is valid at the outputs in the Read 

mode. With G/Vpp="O" the outputs are enabled; with 
G/Vpp="1" the outputs are three-stated. 

Multiple MCM68766s may share a common data bus with 
like outputs OR-tied together. In this configuration only one 
G/Vpp input should be low and no other device outputs 
should be active on the same bus. This will prevent data con
tention on the bus. 

ERASING INSRUCTIONS 
The MCM68766 can be erased by exposure to high intensi

ty shortwave ultraviolet light, with a wavelength of 2537 
angstroms. The recommended integrated dose (i.e., UV
intensity X exposure time) is 15 Ws/cm2. As an example, us
ing the "Model 30-000" UV Eraser (Turner Designs, Moun
tain View, CA 94043) the ERASE-time is 36 minutes. The 
lamps should be used without shortwave filters and the 
MCM68766 should be positioned about one inch away from 
the UV-tubes. 

RECOMMENDED OPERATING PROCEDURES 

After erasure and reprogramming of the EPROM, it is 
recommended that the quartz window be covered wnh an 
opaque self-adhesive cover. It is important that the self
adhesive cover not leave any residue on the quartz if it is 
removed to allow another erasure. 
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l6x 16-BIT SERIAL ELECTRICALLY ERASABLE PROM 

The MCM2801 is a 256-bit serial Electrically Erasable PROM designed 
for handling small amounts of data in applications requiring both non
volatile memory and in-system information updates. 

The MCM2801 offers in-system erase and reprogram capability. It has 
external control of timing functions and serial format for data and ad
dress. The MCM2801 is fabricated in floating gate technology for high 
reliability and producibility. 

o Single + 5 V Power Supply 

CI Organized as 16 Words of 16 Bits 

o MPU Bus Compatible 

o Single + 25 V Power Supply for Erase and Program 

o In-System Program/ Erase Capability 

o Both Word and Whole Array Erasable 

BLOCK DIAGRAM 

FIGURE 1 - Vpp CONTROL ...--___ _ 

Vpp ------<_---, r----~VpP 

Vee 

VSS 

47 kll 

This document contains information on a new product Specifications and information herein 
are subject to change without notice 
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MCM2801 

!;'v~«»$ 
IN-CHANNEL, SILICON GATEI 

16x 16 BIT 
ELECTRICALLY ERASABLE 

PROGRAMMABLE READ 
ONLY MEMORY 

PLASTIC PACKAGE 
CASE 646-05 

PIN ASSIGNMENT 

V PP I ['i"O\-I"i4 ~ V CC 

"T212 13 CTR1 

N/C 3 12 CTR2 

BE 4 11 CTR3 

"n 5 10 PVC 

S 9 C 

VSS 7 8 ADO 

• For normal operation, these inputs should 
be hardwired to VSS. 

PIN NAMES 
ADO.... . ...... Multiplexed Addressl 

Data-ln/Data-Out 
c................ . .......................... Clock 
PVC .................... Program Voltage Control 
CTR 1, 2, 3 ................................... Control 
BE ....................................... Block Erase 
S............... . .................. Chip Select 
T1, T2.......... . .................... Test Pins 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high
impedance circuit. 

ADI-841Rl/3-81 
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MODE SELECTION 
Pin Number 

Mode 1 6 7 11 12 13 14 
Vpp 5 Vc:c: CTR3 CTR2 CTRl Vrr 

Standby VSS or VCC VIH VSS VIH VIH VIH Vce 
Word Erase Vpp VIL VSS VIH VIL VIL Vce 
Write Vpp VIL VSS VIL VIH VIL Vce 
Serial Data Out VSS or Vce VIL VSS VIH VIH VIL VCC 
Serial Address In VSS or Vec VIL VSS VIL VIL VIH Vec 
Serial Data In VSS or Vce VIL VSS VIH VIL VIH Vec 
Read VSS or Vec VIL VSS VIL VIH VIH VCC 
Standby VSS or Vee VIH VSS VIL VIL VIL Vec 

ABSOLUTE MAXIMUM RATINGS (1) 

Rating Value Unit 

Temperature Under Bias 40 to +85 °c 

Operating Temperature Range o to + 70 °C 

Storage Temperature 55 to + 150 °C 

All Input or Output Voltages with Respect to VSS IExcept PVC) +8 to -0.5 V 

VPP Supply Voltage with Respect to VSS +28 to· 0.5 V 

PVC Voltage with Respect to VSS +28 to -0.5 V 

NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should 
be restricted to RECOMMENDED OPERATING CONDITIONS. Exposure to higher than recommended voltages for ex
tended periods of time could affect device reliability. 

RECOMMENDED DC OPERATING CONDITIONSIFull operating voltage and temperature range unless otherwise noted I 

Parameter 

Supply VOltage 

Input High Voltage 
Input Low Voltage 

OPERATING DC CHARACTERISTICS 

Characteristic 
Input Sink Current 

V CC Supply Current 

VPP Supply Current 
Output Low Voltage 
Output High Voltage 
PVC Current IWrite or Word Erase) 

PVC Leakage 

CAPACITANCE If= 1.0 MHz, TA=25°C, Vec= +5 V, 
periodically sampled rather than 100% tested.! 

Capacitance measured with a Boonton Meter or effective capacitance 
calculated from the equation: e= l.l.t/.l.V. 

5-4 

Symbol Min Nom Max 

VCC 4.5 5.0 5.5 
VPP 24.0 25 26.0 

VIH 2.4 - Vce+ 1.0 

VIL -0.1 - 0.8 

Condition Symbol Min Typ Max 

O<Vin<VCe lin - - 10 

Vce=5.5 V ICC - - 30 

Vpp=26.0 V Ipp - - 4.0 

IOL= 1.0 mA VOL - - 0.5 

IOH= -0.1 mA VOH 2.4 - -
PVCL-l V pveON 200 - -

PVCH-26 V PVCOFF - - 5 

FIGURE 2 - OUTPUT LOAD 

100 pF 
(Including 
Scope and 

Jig) 

Unit 

V 

V 

V 

Units 

~A 

mA 

mA 
V 
V 

~A 

~A 

Vee 

5 kG 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

Input Pulse Levels.. . .. 0.65 Volts and 2.6 Volts Output Timing Levels ................................. 1.0 Volt and 2 Volts 
Input Rise and Fall Times. . ........................ 20 ns Output Load ...................................................... See Figure 2 
Input Timing Levels ................................. 1.0 Volt and 3.8 Volts 

Characteristic Symbol Min Max Unit 

Erase Time tERASE 100 ms 

Write Time tWRITE 10 ms 

Clock High Level Hold Time tCHCL 4 10 ~s 

Clock Low Level Hold Time tCLCH 4 ~s 

Clock Rise Time tCr 5 1000 ns 

Clock Fall Time tCf 5 1000 ns 

Chip Select Setup tSLCH 1 ~s 

Chip Select Hold tCLSH 1 ~s 

Data Out Delay tCHOV 1 ~s 

Address In Setup tAVCL 1 ~s 

Data In Setup tDVCL 1 ~s 

Control Setup Time tCtrVCH 1 ~s 

Control Hold Time tCtrX 50 ns 

Data-Off Time Ifrom the Clock I tCHOl - 3.0 ~s 

Chip Select Low to Output Active Time tSLOX 2.0 ~s 

Data-Off Time Ifrom Chip Selectl tSHOl - 2.0 ~s 

TIMING DIAGRAMS 
Clock Cycle Detail 

S Chip Select 

~-----------tCHCL------------~ 
r-----VIH 

C Clock 

"1'----+---4+ - - - VIL 
tCr 

tSLOXl"""'1b'-rr.,-;.,-r-,. ...b::-------------------t--------,i. 
Data Out Valid -High l __ 

_ [tDVCL 

D IADOI -r-Tjj/;r-r-Tij/;"TT71/;"""7""T1/ /;TTT!/j;"TT7//;-r7"/1/-r-r-T/;;""T7""7;;Z--r-r-:Il0f=ta In ==s=table===== 
All times defined at 10% or 90% points. 

Serial Address In 

C 

CTRI, CTR2, 
CTR3 

A IADOI 

Serial Address In 
14 Clocksl 

Address Bit 1 
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en 

-
EEPROM 

READ AND SERIAL DATA OUT 

C 

14 -.j tCtrVCH t4 pi 1 tCtrVCH 

CTR1, 1 1..l: :L.1: I\, , ,,---+----
CTR2, READ SERIAL DATA OUT (16 Clocks) 

CTR3 I f"T 'f-t '" ' 

(AgO'- - - - -High Z- -

SERIAL DATA IN 

C 

CTR1, CTR2, 
CTR3 

o (ADO) 

tCHOV 

Data Bit 0 Data Bit 1 Data Bit 15 

tCHOZ 

s:: 
(') 

s:: 
~ 
~ 
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ERASE-WRITE SEQUENCE 

i4-------tERASE ----....... -----tWRITE ------.,~ 

C I 
I 

r--- ,..---
I \ , \ 

J.::----- - - - --+-......"L Jr-+---
WRITE CTR1, CTR2, 

CTR3 
1'=----- - - - - -+---=!'"1"-I-----

tCtrX 

NOTE: One clock pulse is sufficient to load a new control code. 

FUNCTIONAL DESCRIPTION 
The memory stores sixteen words, each of sixteen bits. All 

functions are selected by a 3-bit parallel control code. The 
clock line is used to strobe these codes and to serially shift 
data and addresses. 

Read-Out 

1. The 4-bit serial address is shifted on the ADO line 
while the SERIAL ADDRESS-IN code is applied on the 
three control pins. 

2. The READ instruction is strobed with one clock pulse. 
This reads the word from the new address in the 
memory array and parallel loads it into the data 
register. 

3. While the SERIAL DATA-OUT code is being applied, 
data is shifted out on the ADO pin with 16 clock 
pulses. In this mode, the ADO pin output buffer is ac
tive. 

Writing 
1. The address is changed, if necessary, in the same 

manner as in the readout. 
2. While the SERIAL DATA-IN code is being applied, 

data is shifted in on the ADO pin with 16 clock pulses. 
If the data to be written has already been shifted into 
the data register, it is not necessary to re-enter the 16 
bits, so this step may be omitted. 

3. The WORD ERASE code is strobed in with one clock 
pulse. After the specified ERASE time, the addressed 
word is erased. 

4. The WRITE code is strobed in with one clock pulse. 
After the specified WRITE time, a STANDBY code 
can be strobed in to stop writing. Data will be pro
grammed at the specified address. 

It is also possible to change the sequence by erasing a 
memory location before starting a write sequence. 

Standby 

Either of the two STANDBY codes, when strobed in with 
a clock pulse, puts the memory in a quiescent state. The out
put is then in the high-impedance state and the absence or 
presence of the clock will not affect the device. 
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Pin Description 
The active high clock signal (CI is used for shifting ad

dresses and data into or out of the chip. It is also used for 
strobing control codes. 

The 1/0 pin (ADOI is used for entering addresses and 
data-in. It is in the output state only for shifting output data. 

The active low Chip Select pin (S) is only used to block the 
clock and put the ADO buffer into the high-impedance 
mode. It has no influence on the operating status of the 
device and does not force a standby condition. 

The programming voltage control pin (PVC) is an open
drain output that is active when a WORD ERASE or WRITE 
control code is strobed in. As shown in Figure 1, it can be 
used to control the Vpp supply applied to the circuit. The 
BLOCK ERASE (BE) pin can be used to clear the whole ar
ray. As the PVC output is not active in this state, the pro
gramming voltage should be directly applied to the Vpp pin 
for the specified erase time. 

The Test inputs (TEST1 and TEST2) are provided for 
testing purpose only and should be connected to VSS in any 
application. 

Data Protection 
When Vpp is turned off, data stored in the array is pro

tected. The programming voltage should not be applied to 
the Vpp pin if VCC is not present. Therefore, use of the PVC 
control output, which is controlled by the V CC supply is 
recommended. Using this feature, Vpp and VCC can be 
turned on or off in any sequence without disturbing data in 
the array. However, to avoid spurious control codes being 
strobed into the device, all inputs should be stable when Vpp 
is on. 

General Comments 
The erased state corresponds to a logical zero at the ADO 

output. 
WRITE (for any address) must be preceded by an ERASE 

at the same address. 
Vpp is necessary for WRITE, WORD ERASE or BLOCK 

ERASE. In all other cases, it can be switched to high im
pedance, VCC or VSS. 



® MOTOROLA 

Advance Information 

lK-BIT SERIAL ELECTRICALLY ERASABLE PROM 

The MCM2802 is a 1 K-bit serial Electrically Erasable PROM designed 
for applications requiring both nonvolatile memory and in-system infor
mation updates. 

The MCM2802 offers in-system erase and reprogram capability. In 
digital tuning systems, it provides storage for up to 32 channels. It has 
external control of timing funct;ons and serial format for data and ad
dress. The MCM2802 is fabricated in floating gate technology for high 
reliability and producibility. 

• Single + 5 V Power Supply in Read Mode 

• Organized as 32 Bytes of 32 Bits 

• MPU Bus Compatible 

• 0-100 kHz Clock Rate 

• + 25 V Power Supply for Erase and Program 

• In-system Program/Erase Capability 

• Both Word and Array Erasable 

• Expandable to 16K-bit Systems 

BLOCK DIAGRAM 
E c 

ADQ~~--------~~ 

Pin 14=VCC 
Pm 7= VSS 
Pm 4=Vpp 

Read QuI 
Word Erase 
Block Erase 

51 52 53 54 T2 

This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MCM2802 

MOS 
IN-CHANNEL, SILICON GATE) 

32 X 32 BIT ELECTRICALLY 
ERASABLE PROGRAMMABLE 

READ ONLY MEMORY 

-1 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

PIN ASSIGNMENTS 

PVC ~PVCC 
ADO 2 13 T2" 

Tl' 3 12 RESET 

Vpp 11 E 

S4 10 SI 

C S2 

VSS S3 

* For Normal Operation, Hardwire to VSS 

PIN NAMES 
PVC .................. Program Voltage Control 
ADO ............ Multiplexed Address/ Data-In/ 

11. T2 .. 
SI, S2. 53, S4. 
C 

Data-Out 
................. Test Pins 

.. ...... Chip Select 
.. ....................... Clock 

~. . . ........................... Chip Enable 

R'ES'E'i'.. .. ....... Reset 

ADI-90S/5-S2 
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Advance inf'or:rna"tion 

2048 x 8-BIT ELECTRICALLY ERASABLE PROM 

The MCM2B16 is a 16,384-bit Electrically Erasable Programmable 
Read Only' Memory designed for handling data in applications requiring 
both nonvolatile memory and in-system reprogramming. The industry 
standard pinout in a 24-pin dual-in-line package makes the MCM2B16 
EEPROM compatible with the popular MCM2716 EPROM. 

The MCM2B16 saves time and money because of the in-system erase 
and reprogram capability. While Vpp is at 25 V andG is at VIL, a 100 ms 
active high TTL erase pulse applied to the E!Progr pin allows the entire 
memory to be erased to the "1" state. In addition to in-system program
mability, this new-generation PROM is programmable on the standard 
EPROM programmer. 

For ease of use, the device operates in the read mode from a single 
power supply and has a static power-down mode. The MCM2B16 is 
fabricated in floating gate technology for high reliaiblity and producibili
ty. 

• Single +5 V Power Supply 

• Automatic Power-Down Mode (Standby) 

• Single + 25 V Power Supply for Erase and Program 
Cit Organized as 2048 Bytes of B Bits 

• Maximum Access Time = 450 ns MCM2B16 
It Pin Compatible to MCM6B316E and MCM2716 

• In-System Program! Erase Capability 

• Chip Erase Time of 10 ms 

A7 10 

Ail 2 

A5 3 

A4 4 

A3 5 

D02 11 

VSS 12 

2' 

23 

22 

" 20 

19 

18 

17 

L..-__ --' 

MCM2816 

Vee 

A8 

A9 

Vpp 

G" 

Al0 

~/Progr 

Dm 

PINOUT 
COMPARISON 
2818 AND 2718 

A7 

A8 2 

A5 3 

A4 4 

A3 5 

A2 6 

Al 7 

AO d 

000 9 

Vee 

23 AS 

22 A9 

21 Vpp 

20 G" 

19 AlO 

18 ~/Progr 

17 Dm 

16 006 

15 D05 

14 DQ4 

13 003 

MCM2716 

This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MCM2816 

MOS 
IN-CHANNEL, SILICON GATEI 

2048xB-BIT 
ELECTRICALLY ERASABLE 

PROGRAMMABLE READ 
ONLY MEMORY 

~CSUFFIX 
FRIT·SEA~ CERAMIC 

PACKAGE 

CASE 623-06 

L SUFFIX CERAMIC PACKAGE 
ALSO AVAILABLE - CASE 716-Q8 

PIN ASSIGNMENT 

'Pin Names 

VCC 

AS 

A9 

Vpp 

cr 
AID 

E/Progr 

om 
006 

OQ5 

OQ4 

OQ3 

A ......................................... Address 
~O ......................... Data Input/Output 
E/Progr ....... Chip Enable/Program-Erase 
cr ................................. Output Enable 

·New industry standard nomenclature 

AOI-862/5-82 



MCM2816 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating 

Temperature Under Bias 

Operating Temperature Range 

Storage Temperature 

All Input or Output Voltages with Respect to VSS 

Vpp Supply Voltage with Respect to VSS 

Value 

-10 to +80 

Oto+70 

-66 to +125 

+6to -0.3 

+28 to -0.3 

Unit 

·C 

·C 

·C 

V 

V 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fialds; however, it is ad
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high
impedance circuit. 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 

MOOE SELECTION 

Mode 
9-11, 
13-17 
DO 

Read Data Out 
Output Disable High Z 
Standby High Z 

Program Data In 

Program Verify Data Out 

Program Inhibit High Z 

Erase High Z· 

·Outputs momentarily active before going to High Z at E=VIH. 
··orVss 

E/Progr 

II 

BLOCK DIAGRAM 

X 
Decoder 

• 
• 
• • 
• • 
• • 

Data Input/Output DOG-D07 
~ ____ ~A~ ____ ~ 

Y Gating 

Memory 
Matrix 

1128)( 128) 

AOOO63 
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12 
VSS 

VSS 

VSS 

VSS 

VSS 

VSS 

VSS 

VSS 

Pin Number 

18 20 21 
E/Progr G Vpp 

VIL VIL VCC·· 

Don't Care VIH VCC·· 

VIH Don't Care VCC·· 

Pulsed 
VIH VIHP VIL to VIH 

VIL VIL VIHP 

VIL VIH VIHP 
Pulsed 

VIL VIHP VIL to VIH 

FIGURE 1 - AC TEST LOAD 

5V 

Test Point o---.----t~--i.--.... 

100 pF· 6k 

·Includes Jig Capacitance 

24 
VCC 

VCC 

VCC 

VCC 

VCC 

VCC 

VCC 

VCC 

MMD6150 
or Equiv. 

MMD7000 
or Equiv. 

AIlOO64 



MCM2816 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise notedl 

RECOMMENDED DC OPERATING CONDITIONS 
Parameter Symbol Min 

Supply Voltage MCM2816-45 VCC 4.75 
Vpp VSS 

Input High Voltage VIH 2.0 

Input Low Voltage VIL -0.1 

RECOMMENDED DC OPERATING CHARACTERISTICS 
Characteristic Condition Symbol Min 

Address, G and E/Progr Input Sink Current Vin=5.25 V lin -

Output Leakage Current VQljt-5.25 V 
ILO -G=5.0 V 

VCC Supply Current (Standby) (Outputs Open) E/P!.ogr=VIH 
ICCI -

G=VIL 
VCC Supply Current (Activel (Outputs Open) Ci"- I/Progr- VIL ICC2 -
Vpp Supply Current" Vpp- 5.25 V IpPl -

Output Low Voltage IOL=2.1 mA VOL -
Output High Voltage IOH=-400p.A VOH 2.4 

Nom Max Unit 

5.0 5.25 
V 

5.0 VCC+0.6 

- VCC+ 1.0 V 

- 0.8 V 

Typ Max Units 

- 10 p.A 

- 10 p.A 

- 25 mA 

- 100 mA 

1.0 5.0 mA 

- 0.45 V 
- - V 

"VCC must be applied simultaneously or prior to Vpp. VCC must also be switched off simultaneously with or after Vpp. With VPP connected 
directly to VCC during the read operation, the supply current would then be the sum of IPPI and ICC. Typical values are for T A = 25'C and 
nominal supply voltages. 

Characteristic 

Input Capacitance (Vin = 0 VI 

Output Capacitance (Vout-O V) 

Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=IAt/AV. 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless 9therwise noted) 

Input Pulse Levels .. , ................................. 0.8 Volt and 2.2 Volts Output Timing Levels ...................................... 2.0 and 0.8 Volts 
Input Rise and Fall Times ................................................ 20 ns Output Load ....................................................... See Figu're 1 
Input Timing level. .............................................. 1.0 and 2.0 V 

Characteristic Condition Symbol Min Max Unit 
Address Valid to Output Valid E/Progr=1l'=VIL tAVOV - 450 
II Progr to Output Valid (Note 2) tELOV - 450 
Output Enable to Output Valid t/Progr= VIL tGLOV - 120 
E/Progr to High Z Output 

ns - tEHOZ 0 100 

Output Disable to High Z Output E/Progr= VIL tGHOZ a 100 

Data Hold from Address I/Progr=G=VIL tAXOX a -

READ MODE TIMING DIAGRAMS (E/Progr=VILI 

A (Addressl 

G (Output Enablel 

~------tGLOV--------~ 

~-----tAVOV'----------;~ 
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STANDBY MODE 10utput Enable=VILI 
Standby Mode (E/Progr= VI HI 

A IAddressl 

E/Progr 

Q IData Outl 

Standby Mode 
Active Mode 

"'--~f-tELQV INote 21 

Output Valid 

Note 2: tELQV is referenced to EiProgr or stable address, whichever occurs last. 

DC PROGRAMMING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted) 

RECOMMENDED PROGRAMMING OPERATING CONDITIONS 
Parameter Symbol Min Nom Max 

Supply Voltage MCM2816-45 VCC 4.75 5.0 5.25 
VPP 24 25 26 

Input High Voltage for Data VIH 2.2 VCC+l 

Input Low Voltage lor Data VIL 0.1 0.8 

PROGRAMMING OPERATION DC CHARACTERISTICS 
Characteristic Condition Symbol Min Typ Max 

Address, G and E/Progr Input Sink Current Vin=5.25 V/0.45 V III - - 10 

VPP Supply Current IVpp=25 V± 1 VI EI Progr= VIL IPPl - - 10 

VPP Programming Pulse Supply Current IVpp = 25 V ± 1 VI E/Progr=VIH IPP2 - - 10 

VCC Supply Current - ICC - - 100 

AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS 
Characteristic Symbol Min Max 

Address Setup Time tAVEH 2.0 

Output Enable High to Program Pulse tGHEH 2.0 

Data Setup Time tDVEH 2.0 

Address Hold Time tELAX 2.0 

Output Enable Hold Time tELGL 2.0 

Data Hold Time tELDZ 2.0 -
VPP Setup Time tpHEH 2.0 -
VPP to Enable Low Time tELPL 2.0 -

Output Disable to High Z Output tGHQZ 0 150 

Output Enable to Valid Data IE/Progr=VILi tGLQV - 150 

Progam Pulse Width tEHEL 1 10 

VPP Rise Time tpr 50 -

Vpp Fall Time tPI 50 
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Unit 

V 

V 

V 

Unit 

~A 

mA 

mA 

mA 

Unit 

~s 

~ 

~s 

~s 

~s 

~ 

~s 

~s 

ns 

ns 

ms 

ns 

ns 
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PROGRAMMING OPERATING TIMING OIAGRAM 

I+---Program---~""---Program Verily---.... 

A IAddressl 

o or 0 
!Data In/Dut uti 

£/Progr 

tDVEH 

Address N Valid 

t+---tELAX---l~ 

tGHOZ 

Data Out High Z 

1+-_+tELGL 

"~ 
tPI 

ERASE OPERATION 
(Full operating voltage and temperature range unless otherwise noted) 

DC ERASING CHARACTERISTICS 
Parameter Symbol Conditions Min Typ 

Input Current Ilor any inputl III Vin-5.5 V - -

VCC Supply Current IOutputs Openl ICC 
Vpp-25V±1 V 

E=VIH 
- -

VPP Supply Current Ipp Vpp=25 V± 1 V - 5 
E=VIH 

Input Low Level VIL - -0.1 -

Max 

10 

50 

10 

0.8 
Input High Level VIH - 2.0 - VCC+l 

AC ERASING CHARACTERISTICS 
Parameter Symbol Min Typ Max 

G Setup Time tGLEH 2 - -
EI Progr to Output Delay tELOH 2 - -
Erase Pulse Width tEW 1 10 100 
Erase Pulse Rise Time tEr 5 - -
Erase Pulse Fall Time tEl 5 - -
VPP Rise Time tpr 50 - -

VPP Fall Time tPI 50 -

VPP Setup Time tpHEH 2 - -

VPP to Enable Low Time tELPL 2 - -

Output Enable to Invalid Data IE/Progr= VIHI tGLOX - - 150 

Output Disable to High Z Output tGHOZ 0 - 150 

Data Hold Time tEHOZ 2 - -
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Unit 

~A 

mA 

mA 

V 

V 

Unit 

~s 

~s 

ms 

ns 
ns 

ns 

ns 

~s 

~s 

ns 

ns 

~s 
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ERASING WAVEFORMS 

Erase --~""'c-----Erase Verily ----~~- Progrem-

Address 

+25 
Vpp 

+5----~ 

Address N 

tPI 

tEl 

t-ot-----'*tELQH 

FUNCTIONAL DESCRIPTION 

All inputs for the operating modes are TTL levels. The 
power supplies are a +5 Vee and a Vpp. The Vpp power 
supply must lie at +25 V during Program, Verify, Program 
Inhibit and Erase, and must be at a or + 5 V during Read and 
Deselect. 

READ MODE 
Data is available at the outputs in the read mode 450 ns 

(tAVOV) from valid addresses with G low or '20 ns (tGLOV) 
from (f with addresses stable. 

DESELECT MODE 
The outputs of two or more EEPROMs may be OR-tied to 

the same data bus. Only one EEPROM should have its out
puts selected (13 low) to prevent data bus contention be
twaen two devices' in this configuration. The outputs of 
other EEPROMs should be deselected with the G input at a 
high TTL level. 

PROGRAMMING 
After each erasure, all bits of the EEPROM are in the "'" 

state. Data is introduced by selectively programming "O's" 
into the desired bit locations. Although only "a's" will be 
programmed, both ""s" and "O's" can be presented in the 
data word. The only way to change a "0" to a "'" is by elec
trical erasure. 

5-14 

The EEPROM is in the programming mode when the VPP 
power supply is at 25 V and G is at VIH. The data to be pro
grammed is applied 8 bits in parallel to the data output pins. 

When the addresses and data are stable, a '0 ms, active 
high, TTL Program pulse is applied to the 'E'/Progr pin. A 
program pulse must be applied at each address location to 
be programmed. The program pulse has a maximum width 
of '0 ms. The EEPROM must not be programmed with a De 
signal applied to the Progr input. 

PROGRAM INHIBIT 
Programming of multiple EEPROMs in parallel is easily ac

complished. Except for E/Progr, all like inputs of the parallel 
devices may be common. A low level on the E/Progr input 
inhibits the EEPROM from being programmed. 

VERIFY 
A verify should be performed on the programmed bits to 

determine that they were correctly programmed. This is ac
complished by performing a read cycle with V PP at 25 V and 
E/Progr at VIL. 

ERASE 
The EEPROM is electrically erased in nearly the same man

ner as it is programmed. The VPP is at 25 V and tI is at VIL. A 
100 ms active high, TTL erase pulse is applied to the E/Progr 
pin and the entire memory is erased to the "'" state. 
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® MOTOROLA 

128c X 7 X 5 CHARACTER GENERATOR 

The MCM6670 is a mask-programmable horizontal-scan (row 
select) character generator containing 128 characters in a 5 X 7 
matrix_ A 7-bit address code is used to select one of the 128 available 
characters, and a 3-bit row select code chooses the appropriate row 
to appear at the outputs_ The rows are sequentially displayed, 
providing a 7-word sequence of 5 parallel bits per word for each 
character selected by the address inputs. 

The MCM6674 is a preprogrammed version.of the MCM6670. 
The complete pattern of this device is contained in this data sheet. 

o Fully Static Operation 

o TTL Compatibility 

o Single ±10% +5 Volt Power Supply 

• 18-Pi n Package 

e Diagonal Corner Power Supply Pins 

e Fast Access Time, 350 ns (max) 

ABSOLUTE MAXIMUM RATINGS ISee Note 1) 

Rating Symbol 

Supply Voltage VCC 

Input Voltage Vin 

Operating Temperature Range TA 

Storage Temperature Range Tstg 

Value Unit 

-0.3 to +7.0 Vdc 

-0.3 to +7.0 Vdr. 

o to +70 °c 
-65 to +150 °c 

NOTE 1: Permanent device damage may occur If ABSOLUTE MAXIMUM RATINGS are ex
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT· 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 

AD 
A1 6 
A2 5 

Address 
A3 4 Decode 
A4 3 
A5 2 
A6 1 

Vee""' Pin 18 
Gnd"" Pin 9 

BLOCK DIAGRAM 

Memory Row 
Matrix Decode 

11 10 8 
RS1 RS2 RS3 

17 
CS 

6-3 

12 DO 

13 01 

1402 

15 03 

16 04 

MCM6670 
MCM6674 

MOS 
(N-CHANNEL, SILICON GATE) 

128cx7 x5 
HORIZONTAL-SCAN 

CHARACTER GENERATOR 

L SUFFIX 
CERAMIC PACKAGE 

CASE 680-{)6 

P SUFFIX 
PLASTIC PACKAGE 

CASE 707 

PIN ASSIGNMENT 

A6 

A5 

A4 04 

A3 15 03 

A2 14 02 

A1 13 01 

AO 7 12 00 

RS3 8 11 RS1 

GND 10 RS2 

This device contains circuitry to protect the 
inputs against damage due to high static volt· 
ages or electric fields; however. it is advised that 
normal precautions be taken to avoid applica
tion of any voltage higher than maximum rated 
voltages to thisl1igh impedance circuit. 

OS9469/12-n 
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DC OPERATING CONDITIONS AND CHARACTERISITCS 
(Full operating voltage and temperature range unless otherwise noted.) 

RECOMMENDED DC OPERATING CONDITIONS 
Parameter Symbol Min Nom 

Supply Voltage Vee 4.5 5.0 

Input High Voltage VIH 2.0 -
Input Low Voltage VIL -0.3 -
DC CHARACTERISTICS 

Characteristic Symbol Min Typ 

Input Current lin - -
(Vin = 0 to 5.5 VI 

Output High Voltage VOH 2.4 -
(lOH = -205/lAI 

Output Low Voltage VOL - -
1I0L = 1.6 rnA) 

Output Leakage e!!!!ent (Three-State I 
(eS = 2.0 V or es =0.8 V. Vout =0.4 V to 2.4 VI 

ILO - -

Supply Current ICC - -
(Vee = 5.5 V. TA= oOel 

CAPACITANCE (TA = 25°C. f = 1.0 MHzl 

Characteristic 

Input Capacitance 

Output Capacitance 

6-4 

Max Unit 

5.5 Vde 

5.5 Vde 

0.8 Vde 

Max Unit 

2.5 /lAde 

Vee Vde 

0.4 Vde 

10 /lAde 

130 mAde 
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AC TEST CONDITIONS 
Condition 

Input Pulse Levels 

Input Rise and Fall Times 

Output Load 

AC CHARACTERISTICS 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 

Value 

0.8 V to 2.0 V 

20 n5 

1 TTL Gate and CL = 30 pF 

AC TEST LOAD 

5.0 V 

Test Point o-...... -1r--+ .. -+ MMD6150 
,. or Equiv 

30 pF 11.7 k ~, MMD7000 

or Equiv 

Characteristic Symbol Min Max Unit 

Cycle Time 'eye 350 - ns 

Address Access Time tacclA) 350 ns 

Row Select Access Time tacclRS) - 350 ns 

Chip Select to Outr:ut Delay tco - 150 ns 

TIMING DIAGRAM 

tcyC .. 
tacc(A) 

Address ~ 2.0 V ]X 0.8 V 

I 

I 
tace( AS) 

2.0 V 
~ O.B V RS 

xxx~ 
2.0 V 

0.8 V 
CS 

'CD 

0.8 V 2.0 'A: fi<xx 

2A V 
Data Valid 04' V Data Out 

~ = Don't Care 

6-5 
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CUSTOM PROGRAMMING FOR MCM6670 

By the programming of a single photomask, the cus
tomer may specify the content of the MCM6670. En
coding of the photomask is done with the aid of a com
puter to provide quick, efficient implementation of the 
custom bit pattern while reducing the cost of implemen
·tation. 

Information for the custom memory content may be 
sent to Motorola in the following forms, in order of 
preference: 

1. Hexadecimal coding using IBM Punch Cards (Fig
ures 3 and 4). 

2. Hexadecimal coding using ASCII Paper Tape Punch 
(Figure 5). 

Programming of the MCM6670 can be achieved by 
using the following sequence: 

1. Create the 12B characters in a 5 x 7 font using 
the format shown in Figure 1. Note that information at 
output D4 appears in column one, D3 in column two, 
thru DO information in column five. The dots filled in 
and programmed as a logic "1" will appear at the outputs 

as VOH; the dots left blank will be at VOL. RO is always 
programmed to be blank (VOL). (Blank formats appear at 
the end of. this data sheet for your convenience; they are 
not to be submitted to Motorola, however.) 

2. Convert the characters to hexadecimal coding treat
ing dots as ones and blanks as zeros, and enter this infor
mation in the blocks to the right of the character font 
format. The information for D4 must be a hex one or 
zero, and is entered in the left block. The information for 
D3 thru DO is entered in the right block, with D3 the 
most significant bit for the hex coding, and DO the 
least significant. 

3. Transfer the hexadecimal figures either to punched 
cards (Figure 3) or to paper tape (Figure 5). 

4. Transmit this data to Motorola, along with the 
customer name, customer part number and revision, and 
an indication that the source device is the MCM6670. 

5. Information should be submitted on an organiza
tional data form such as that shown in Figure 2. 

FIGURE 1 - CHARACTER FORMAT 

ROW SELECT 
TRUTH TABLE 

AS3 RS2 ASt OUTPUT 

a 0 0 RO 
0 0 Rt 
0 t 0 R2 
0 t R3 

0 0 R4 
0 R5 

0 R6 
R7 

Character Numbe{CrJ.f1PPlC&/lJPrJTJ Character Number(/.fI.5101'Il£1( fNPrJ7) 

MSB LSB HEX 

RO 0000000 
Rt oo~oo '04 
R2 O~OI8lD OA 
A3 ~00018l11 
A4l&1 DO O~ 'If 
A 5 I8Il&Il&Il8Il8l T F 
R6 181 0 0 0 181 ~'t 
"7181000181 '17 04 03 DO '-'--'-

MSB LSB HEX 

AO 000000'0 
At ~18l18118l~ 71p 
A2181000D 7ro 
R3 ~DOOO 7'0 
R4 181181181 0 0 fire 
A518l0000 7ro 
R6181000D 7ro 
A 7 181181181181181 7 ff 04 03 DO '-'-"-

FIGURE 2 - FORMAT FOR PROGRAMMING GENERAL OPTIONS 

ORGANIZATIONAL DATA 
MCM6670 MOS READ ONLY MEMORY 

Customer: 

Company ________________________________ ___ 

Part No. 

Originator ________________________________ ___ 

Phone No. ________________________ __ 

Chip-Select Options: 

CS 

Active High 
1 

D 

6-6 

Motorola Use Only: 

Quote: ______________________ __ 

Part No.: 

Specif. No.: 

Active Low 
o 

D 

No-Connect 

D 
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FIGURE 3 - CARD PUNCH FORMAT 

Columns 
1-9 Blank 

10-25 Hex coding for first character 
26 Slash (/) 
27-42 Hex coding for second character 
43 Slash (/) 
44-59 Hex coding for third character 
60 Slash (/) 
61-76 Hex coding for fourth character 
77-78 Blank 
79-80 Card number (starting 01; thru 32) 

Column 10 on the first card contains either a zero or 
a one to program D4 of row RO for the first character. 
Column 11 contains the hex character for D3 thru DO. 
Columns 12 and 13 contain the information to program 
Rl. The entire first character is coded in columns 10 thru 
25. Each card contains the coding for four characters; 
32 cards are required to program the entire 128 characters. 
The characters must be programmed in sequence from 
the first character to the last in order to establish proper 
addressing for the part. Figure 3 provides an illustration of 
the correct format. 

FIGURE 4 - EXAMPLE OF CARD PUNCH FORMAT 

I First 12 Characters of MCM6670P41 

OOOOOOOOODDODDOOOOODOOOOODDoooogogoOoDoDODDDDDODODoDoOoUoooDOOgoBoDoDoDoDoooooDo 
12)45' JI9In:lI1IJI41)16IJII~~nnnN~~nnH~~nnUB~11~»4n~U~~45«~UU~~~~~~~~~~~~~~~~~IJ~69Mnnnu~nnnn. 

l1111111111D1DDDDDDDDUDD1Dll01D1D1D1D1Dl01Dllllllllili11101011101010101010011110 

11111111111111122222222211111211111122121222222222222222222212222121121211111221 

333333333 J J J J J J J J J J J J J J J J J J J JJ J J J J JJ J J JJ J J 3 J J J J J JJJ J 3JJ J J JJ J J J J J J J J J JJ JJ J 3 JJJJJ 3 

44444444444444444444444444444444444444444444440404048404044444444444444444444444 

555555555555555555555555555555555555555555555 55555 5555 5 5 5 55 5 55 5 5 5 5 55 5 5 555 5555555 

6 6 6 6 6 6 6 6 6 6 6 60 6 6 6 6 6 6 6 6 6 6 60 6 6 6 606 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 606 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 D 6 6 6·6 

11111111) 11 ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) 11 ) ) ) 11 ) ) 11 7 ) 11 ) 11 ) 1111 ) ) ) 11 ) ) ) ) ) ) ) ).1 ) ) ) ) ) ) ) ) 11) 1111 

888888888 8 8 8 8 8 8 8 8 8 8 8 8888888888888 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 888 6 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 

9999999999999999999999999999999999999999999999999999999999S139999£Y9299999999999 
12 J 4 5 6 J 8 tlD11121J141516Ulll1101111232U51ti7l2129lGJ11231U1S363138JHtl41 42n4U:i464143(9~J'\'i."~:';!~~SJJS:;~~~: f-'; '~-"" "~:;U;:I2JJJ~151&nlll'l'D 

GLOBE $-1 STANDARD fORM 

FIGURE 5 - PAPER TAPE FORMAT 

Frames 
Leader 
1 to M 
M+l,M+2 
M.;. 3 to M + 66 

M + 67, M + 68 
M + 69 to 

M + 2114 

Blank Tape 

Blank Tape 
Allowed for customer use (M ';;64) 
CR; LF (Carriage Return; Line Feed) 
First line of pattern information 
(64 hex figures per line) 
CR;LF 
Remaining 31 lines of hex figures, 
each line followed by a Carriage Re
turn and Line Feed 

Frames 1 to M are left to the customer for internal 
identification, where M ';;64. Any combination of alpha· 
numerics may be used. This information is terminated 
with a Carriage Return and Line Feed, delineating the 

start of data entry. (Note that the tape cannot begin with 
a CR and/or LF, or the customer identification will be 
assumed to be programming data.) 

Frame M + 3 contains a zero or a one to program D4 
of row RO for the first character. Frame M + 4 contains 
the hex character for D3 thru DO, completing the pro· 
gramming information for RO. Frames M + 5 and M + 6 
contain the information to program R 1. The entire first 
character is coded in Frames M + 3 thru M + 18. Four 
complete characters are programmed with each line. A 
total of 32 lines program all 128 characters (32 x 4). 
The characters must be programmed in sequence from the 
first character to the last in order to establish proper 
addressing for the part. 

6-7 
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The formats below are given for your convenience in preparing character information for MCM6670 programming. THESE 
FORMATS ARE NOT TO BE USED TO TRANSMIT THE INFORMATION TO MOTOROLA. Refer to the Custom Pro
gramming instructions for detailed procedures. 

Character Number __ _ 

MSB LSB 
I 

RO~OOOO 
R100000 
R200000 
R3qOooO 
R4ol000o 
R500000 
R6oiOooO 
R700000 

0403 DO 

HEX 

o 0 

Character Number __ _ 

MSB LSB HEX 

ROoOooo 00 
R100000 
R200000 
R300000 
R400000 
R500000 
R60 000 
R700000 

0403 DO 

Character Number __ _ 

MSB LSB HEX 

ROO 000 0 0 
R100000 
R200000 
R300000 
R400000 
R500000 
R600oo0 
R700000 

0403 DO 

Character Number __ _ 

MSB LSB HEX 

0403 DO 

Character Number __ _ 

MSB LSB HEX 

0403 DO 

Character Number __ _ 

MSB LSB HEX 

0403 DO 

Character Num~er __ _ 

MSB LSB HEX 

0403 DO 

Character Number __ _ 

MSB LSB HEX 

ROO 000 0 0 
R100000 
R200000 
R300000 
R400000 
R500000 
R60 000 
R700000 

0403 DO 

Character Number __ _ 

MSB LSB HEX 

RO 00000 0 0 
R100000 
R200000 
R300000 
R400000 
R500000 
R600000 
R700000 

0403 DO 

Character Number __ _ 

MSB LSB HEX 

ROOOOOO 0 0 
R100000 
R200000 
R300000 
R400000 
R500000 
R600000 
R700000 

0403 DO 

Character Number __ _ 

MSB ·LSB HEX 

RO 00000 0 0 
R100000 
R200000 
R300000 
R400o00 
R500000 
R600000 
R700000 

0403 DO 

Character Number __ _ 

MSB LSB HfX 

RO 0'0000 0 0 
Rl00000 
R200000 
R300000 
R400000 
R500000 
R600000 
R700000 

0403 DO 

Character Number __ ._ Character Number __ _ 

MSB LSB HEX 

RO 00000 0 0 
R100000 
R200000 
R300000 
R400000 
R500000 
R600000 
R700000 

0403 DO 

Character Number __ _ 

6-8 

MSB LSB HEX 

ROOOOOO 00 
R100000 
R200000 
R300000 
R400000 
R500000 
R600000 
R700000 

0403 DO 

MSB LSB HEX 

RO 00000 00 
Rl0000o 
R200000 
R300000 
R400000 
R500000 
R600000 
R700000 

0403 DO 

Character Number •. __ _ 

MSB LSB HEX 

RO 00000 0 0 
Rlo0000 
R200000 
R300000 
R400000 
R500000 
R600000 
R700000 

0403 DO 
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FIGURE 6 - MCM6674 PATTERN 

6-9 
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AO 

AI 

A2 

A3 

A4 

8192-BIT READ ONLY MEMORIES 
ROW SELECT CHARACTER GENERATORS 

The MCM66700 is a mask-programmable 8192-bit horizontal-scan 
(row select) character generator_ It contains 128 characters in 
a 7 X 9 matrix, and has the capability of shifting certain characters 
that normally extend below the baseline such as j, y, g, p, and 
q_ Circuitry is supplied internally to effectively lower the whole 
matrix for this type of character-a feature previously requiring 
external circu itry_ 

A seven-bit address code is used to select one of the 128 available 
characters_ Each character is defined as a specific combination of 
logic 1 s and Os stored in a 7 X 9 matrix_ When a specific four-bit 
binary row select code is applied, a word of seven' parallel bits appears 
at· the output. The rows can be sequentially selected, providing 
a nine-word sequence of seven parallel bits per word for each 
character selected by the address inputs. As the row select inputs 
are sequentially addressed, the devices will automatically place 
the 7 X 9 character in one of two preprogrammed positions on 
the 16-row matrix, with the positions defined by the four row 
select inputs. Rows that are not part of the character are 
automatically blanked. 

The devices listed are preprogrammed versions of the MCM66700. 
They contain various sets of characters to meet the requirements 
of diverse applications_ The complete patterns of these devices 
are contained in this data sheet. 

• Fully Static Operation 
• Fully TTL Compatible with Three-State Outputs 
• CMOS and MPU Compatible, Single ± 10% 5 Volt Supply 
• Shifted Character Capability 

(Except MCM66720, MCM66730, and MCM66734) 
• Maximum Access Time = 350 ns 
• 4 Programmable Chip Selects (0, 1, or Xl 
• Pin-for-Pin Replacement for the MCM6570, 

Including All Standard Patterns 

12 

11 Address 
Decode 

9 

BLOCK 
DIAGRAM 

Memory 
Matrix 
(8064) 

Shift 
Control 
Matrix 
(128) 

6-10 

MCM66700 MCM66710 
MCM66714 MCM66720 
MCM66730 MCM66734 
MCM66740 MCM66750 
MCM66751 MCM66760 
MCM66770 MCM66780 

MCM66790 

MOS 
IN-CHANNEL, SILICON-GATE) 

8K READ ONLY MEMORIES 

HORIZONTAL-SCAN 
CHARACTER GENERATORS 

WITH SHIFTED CHARACTERS 

C SUFFIX 
FRIT-SEAL CERAMIC PACKAGE 

CASE 623 

~ PSUFFIX 
24 PLASTIC PACKAGE 

1 CASE 709 

PIN ASSIGNMENT 

06 

04 

02 

DO 

AI 

AO 

CS2 

VSS 

OS9516/8-78 



MCM66700 Series 

ABSOLUTE MAXIMUM RATINGS (See Note I, Voltages Referenced to Vss) 

Rating Symbol Value Unit 

Supply Voltages Vee -0.3 to 7.0 Vdc 

Input Voltage Vin -0.3 to 7.0 Vdc 

Operating Temperature Range TA o to +70 ve 
Storage Temperature Range T stg -55 to +125 ue 

NOTE1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher·than-recommended voltages for 
extended periods of time could affect device reliability. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted) 

RECOMMENDED DC OPERATING CONDITIONS (Referenced to VSS) 

Parameter Symbol Min Nom 

Supply Voltage Vee 4.5 5.0 

Input Logic "1" Voltage VIH 2.0 -
Input Logic "0" Voltage VIL -0.3 -

DC CHARACTERISTICS 

Characteristic Symbol Min Typ 

Input Leakage Current IIH - -
(VIH • 5.5 Vdc, Vee· 4.5 Vdc) 

Output Low Voltage (Blank) VOL 0 -
110 L • 1.6 mAdc) 

Output High Voltage (Dati VOH 2.4 -
IIOH • -205 pAdc) 

Power Supply Cu rrent ICC - -

Power Dissipation PD - 200 

CAPACITANCE (Periodically sampled rather than 100% tested) 

Input Capacitance Cin - 4.0 
(f = 1.0 MHz) 

Output Capacitance Cout - 4.0 
(f = 1.0 MHz) 

Max 

5.5 

Vee 

0.8 

Max 

2.5 

0.4 

-

80 

440 

7.0 

7.0 

Unit 

Vdc 

Vdc 

Vdc 

Unit 

J..IAdc 

Vdc 

Vdc 

mAde 

mW 

pF 

pF 

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is advised that 
normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high-impedance circuit. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted) 

ACTEST LOAD 

Test Point 0-.... -< ...... -1 .... - .. 

AC TEST CONDITIONS 

Condition VaJue 
130 pF 

I "put Pulse Levels 0.8 V to 2.0 V 

Input Rise and Fall Times 20 n, 

Output Load 1 TTL Gate and CL : 130 pF 

AC CHARACTERISTICS 

Characteristic Symbol TVp Max 

Address Access Time tacc(A) 250 350 

Row Select Access Time tacc(RS) 250 350 

Chip Select to Output Delay teo 100 ISO 

TIMING DIAGRAM 

Address 

RS 

CS 

cs 

Data Out 

1~ ....... -------tacc(A)--------< ... 1 

2.0 V 
0.8 V 

)4-------tacc(RS)------.-i 

2.0 V 
0.8 V 

2.0 V 

)4------ 'co------~ 

O.B V 

~ : Don', Car. 

6-12 

Data Valid 

5.0 V 

MMD6150 
or Equiv 

MMD7000 
or Equiv 

Unit 

n, 

n, 

n, 



MCM66700 Series 

MEMORY OPERATION (Using Positive Logic) 
Most positive level = 1, most negative level = O. 

Address 
To select one of the 128 characters, apply the appro

priate binary code to the Address inputs (AD through A6). 

Row Select 
To select one of the rows of the addressed character 

to appear at the seven output lines, apply the appropriate 
binary code to the Row Select inputs (RSO through RS3). 

Shifted Characters 
These devices have the capability of displaying charac· 

ters that descend below the bottom line (such as lowercase 
letters i. y, g, p, and q). Internal circuitry effectively drops 
the whole matrix for this type of character. Any character 

can be programmed to occupy either of the two positions 
in a 7 X 16 matrix. (Shifted characters are not available 
on MCM66720, MCM66730, or MCM66734.) 

Output 
For these devices, an output dot is defined as a logic 1 

level. and an output blank is defined as a logic 0 level. 

Programmable Chip Select 
The MCM66700 has four Chip Select inputs that can 

be programmed with a 1,0, or don't care (not connected). 
A don't care must always be the highest chip select pin or 
pins. All standard patterns have Don't Care Chip Select
except MCM66751. 

OISPLA Y FORMAT 

Figure 1 shows the relationship between the logic 
levels at the row select inputs and the character row at 
the outputs. The MCM66700 allows the user to locate the 
basic 7 X 9font anywhere in the 7 X 16 array. In addition, 
a shifted font can be placed anywhere in the same 7 X 16 
array. For example, the basic MCM66710 font is 
established in rows R14 through R6. All other rows are 
automatically blanked. The shifted font is established in 
rows R 11 through R3, with all other rows blanked. Thus, 
while anyone character is contained in a 7 X 9 array, the 
MCM66710 requires a 7 X 12 array on the CRT screen to 
contain both normal and descending characters. Other 

uses of the shift option may require as much as the ful! 
7 X 16 array, or as little as the basic 7 X 9 array (when 
no shifting occurs, as in the MCM66720). 

The MCM66700 can be programmed to be scanned 
either from bottom to top or from top to bottom. This is 
achieved through the option of assigning row numbers in 
ascending or descending count, as long as both the basic 
font and the shifted font are the same. For example, an 
up counter will scan the MCM66710 from bottom to top, 
whereas an up counter will scan the MCM66714 from top 
to bottom (see Figures 7 and 8 for row designation). 

FIGURE 1 - ROW SELECT INPUT CODE AND SAMPLE CHARACTERS FOR MCM66710 AND MCM66720 

ROW SELECT 
TRUTH TABLE MCM66710 MCM66720 

RS3 RS2 RSl RSO OUTPUT 
ROW ROW 

0 0 0 0 RO NO. NO. 
0 0 0 1 Al 
0 0 1 0 A2 
0 0 1 1 A3 
0 1 0 0 A4 
0 1 0 1 R5 

0000000 A15 0000000 •••••• 0 AO 0000000 
•••••• 0 A14 0000000 .00000 • Rl.0 ••• 00 
1100000. A13 0000000 .00000. R2 8.000110 
1100000. R12 0000000 1iI000001l A311000080 
.00000. Rll .0 ••.• 00 •••••• 0 A4 •• 000.0 

0 1 1 0 A6 •••••• 0 Al0 •• 000.0 .000000 A5 .0 ••• 00 
0 1 1 1 A7 11000000 A9 110000.0 .000000 A6 .000000 
1 0 0 0 RS 
1 0 0 1 A9 
1 0 1 0 Al0 
1 0 1 1 All 

.000000 AS .0000.0 .000000 R7 .000000 

.000000 A7 •• 000.0 .000000 AS .000000 

.000000 A6 .0 ••• 00 06 DO 06 DO 
0000000 A5 .000000 
0000000 A4 .000000 

1 1 0 0 A12 0000000 A3 .000000 
1 1 0 1 A13 0000000 R2 0000000 
1 1 1 0 A14 0000000 Al 0000000 
1 1 1 1 R15 0000000 RO 0000000 

06 DO 06 DO 
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MCM66700 Series 

CUSTOM PROGRAMMING FOR MCM66700 

By the programming of a single photomask, the custom· 
er may specify the content of the MCM66700. Encoding 
of the photomask is done with the aid of a computer to 
provide quick, efficient implementation of the custom bit 
pattern while reducing the cost of implementation. 

Information for the custom memory content may 
be sent to Motorola in the following forms, in order 
of preference:' 

1. Hexadecimal coding using IBM Punch Cards 
(Figures 3 and 4) 

2. Hexadecimal coding using ASCII Paper Tape Punch 
(Figure 5) 

Programming of the MCM66700 can be achieved by 
using the follow sequence: 

1. Create the 128 characters in a 7 X 9 font using the 
format shown in Figure 2. Note that information at 
output 06 appears in column one, 05 in column two, 
through DO information in column seven. The dots filled 
in and programmed as a logic 1 will appear at the outputs 
as VOH;thedots left blank will be at VOL. (Blank formats 
appear at the end of this data sheet for your convenience; 

~ 
~ Ii 
• 

l 

FIGURE 2 - CHARACTER FORMAT 

Character Number (CVSfo"'-' INtw) 
MSB LSB HEX 

RI" 0000 0000 
RI~ 000 0000 
R ,2- 000 0000 
RII 000 0000 
RIO O~~ 0001Kl 
R " 

1Kl00 1Kl0 181 0 
R, 18100 olaoo 
R 1 1Kl00 181 Oa!!l 0 'I A 

R6 O~~ 000~ 3 I 
S 06 04 03 DO 

Columns 

1 -10 
11 
12 -29 
30 
31 -48 
49 
50 -67 
68 
69 -76 
77 -78 
79 - 80 

they are not to be submitted to Motorola, however.) 
2. Indicate which characters are shifted by filling 

in the extra square (dot) in the top row, at the left 
(column S). 

3. Convert the characters to hexadecimal coding 
treating dots as ls and blanks as Os, and enter this infor· 
mation in the blocks to the right of the character font 
format. High order bits are at the left, in columns Sand 
03. For the bottom eight rows, the bit in Column S must 
be 0, so these locations have been omitted. For the top 
row, the bit in Column S will be 0 for an unshifted 
character, and 1 for a shifted character. 

4. Transfer the hexadecimal figures either to punched 
cards (Figure 3) or to paper tape (Figure 5). 

5. Assign row numbers to the unshifted font. These 
must be nine sequential numbers (values 0 through 15) 
assigned consecutively to the rows. The shifted font is 
similarly placed in any position in the 16 rows. 

6. Provide, in writing, the information indicated in 

Figure 6 (a copy of Figure 10 may be used for this pur· 
pose). Submit this information to Motorola together 
with the punched cards or paper tape. 

FIGURE 3 - CARD PUNCH FORMAT 

Blank 
Asterisk (') 
Hex coding for first character 
Slash (I) 
Hex coding for second character 
Slash (I) 
Hex coding for third character 
Slash (I) 
Blank 
Card number (starting 01; through 43) 
Blank 

2 
~ 
I 

Character Number( OIsfeHEIl lit"",) 
MSB LSB HEX 

RII Solil~ ~1!!I00 c. 
RIO 01810 001810 
R" 018l1a 1HI~00 
R I 01810 001810 22-
R1 01!!l0 001810 22 
R' 018l1!!1 1iI1S00 3 c. 
R' 01Kl0 0000 z 0 
R.,. 01810 00002 0 
R,J 18100 0000 II " S 06 04 03 DO 

Column 12 on the first card contains the hexadecimal 
equivalent of column Sand 06 through 04 for the top row of the 
first character. Column 13 contains 03 through ~O. Columns 14 
and 15 contain the information for the next row. The entire first 
character is coded in columns 12 through 29. Each card contains 
the coding for three characters. 43 cards are required to program the 
entire 128 characters, the last card containing only two characters. 
The characters must be programmed in sequence from the first 
character to the last in order to establish proper addressing for the 
part. As an example, the first nine characters of the MCM66710 
are correctly coded and punched in Figure 4. 

*NOTE: Motorola can accept magnetic tape and truth table formats. For further information contact your local Motorola sales representative. 
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MCM66700 Series 

FIGURE 4 - EXAMPLE OF CARD PUNCH FORMAT 
(First 9 Characters of MCM667101 

DO 

ooooooooooolllllillooooooooooloooocoooooooolololioloojoonooololololloooooooolooo 
11 1')llltl.'rllll~~II:l'1111111nl]~nnlln"U11~UMJllilIUnl1',~n~nu""u~IIU~~~~\:~~WiIUI]~~"I'!!'!~I:I·'ITln'lll11,1!1 

I 11 11 I I 111 11111111111111 1 111111 1 11 1 1 11 1 1 1 1 I I I I I III I 1111111111 I I I I I III i I I II 111I11 

22222222222222222222222222222212112211112211121222222112222222222221211;12222222 

J J J J J J J 3 3 3 J 3 3 3 3 3 3 3 3 13 3 3 3 3 3 J 133 313 3113 3 3 J 113 J 3 3 3 3 3 3 3 J 3 3 J 3 3 J J 3 31313133 j 3) 3 3 3 3 J 3 J J 3 

4444444444U4444444444m4il144444444444444444444D444444444144444444444444444444444 

555555555555555555555555555555 5 5\ 5 5 5 55 5 5 5 55\ j 5 5 5 5 5 55 5 5 5 5 5~ 55 5 55 5 5 5 5 5 55 55 555 555 5 5 

666666666666666666666666666666666666666666666666666 a6 6 6 E E 6 6 6 6 6 6 6 b 6 6 6 6 6 6 666666' 6 6 

17 17 17 17 7 17 7 17 17 17 17 17 7 17 17 17 17 17 7 7 17 17 17 17 7 7 17 17 7 17 7 17 7 17 17 17 7 7 7 7 7 17 17 7 7117 7 1 17 

1111118888088888888888888188888888888888888888888888 8 8 8 8 8 8 98 8 8 8 8 8 8 8 8 8 8 8 S 88888888 

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 1 9 9 9 9 9 9 9 9 9 9 9 9 9 ~ 9 1 9 9 9 9 9 9 9 9 9 9 9 
I III I I 11"I"1111111\11111111~11»:ill»lilIH"HJ1~IJ:'1\Ji])11~u,'nnUOUIIUO~\111~11\1!IIJU~"IIUU~I\~i'~~1!IQII~I\II:""II~ 

oeE NO. I ST:'NOllPD Fe"'" ~oel 

FIGURE 5 - PAPER TAPE FORMAT 

Frames 

Leader 
1 to M 
M+l,M+2 

M + 3 to M + 66 

M +67, M +68 
M + 69 to M + 2378 

Blank Tape 

Blank Tape 
Allowed for customer use (M '" 64) 
CR; LF (Carriage Return; Line 
Feed) 
First line of pattern information 
(64 hex figures per line) 
CR; LF 
Remaining 35 lines of hex figures, 
each line followed by a Carriage 
Return and Line Feed 

Frames 1 to M are left to the customer for internal 
identification, where M '" 64. Any combination of alpha
numerics may be used. This information is terminated 
with a Carriage Return and Line Feed, delineating the 

start of data entry. (Note that the tape cannot begin 
with a CR and/or LF, or the customer identification will 
be assumed to be programming data.) 

Frame M + 3 contains the hexadecimal equivalent of 
column Sand 06 thru 04 for the top row of the first 
character. Frame M + 4 contai ns 03 thru DO. Frames 
M + 5 and M + 6 program the second row of the first 
character. Frames M + 3 to M + 66 comprise the first line 
of the printout. The line is terminated with a CR and 
LF. 

The remaining 35 lines of data are punched in sequence 
using the same format, each line terminated with a CR 
and LF. The total 36 lines of data contain 36 x 64 or 
2304 hex figures. Since 18 hex figures are required to 
program each 7 x 9 character, the full 128 (2304 .;. 18) 
characters are programmed. 

FIGURE 6 - FORMAT FOR ORGANIZATIONAL DATA 

ORGANIZATIONAL DATA 
MCM66700 MOS READ ONLY MEMORY 

Customer 

Customer Part No. _____________________ Rev. 

Row Number for top row of non-shifted font 

Row Number for bottom row of non-shifted font 

Row Number for top row of shifted font 

Programmable Chip Select information: 1 = Active High 0 = Active Low X = Don't Care (Not Connected) 

CS1_ CS2_ CS3 __ CS4 __ 
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MCM66700 Series 

FIGURE 7 - MCM66710 PATTERN 

FIGURE 8 - MCM66714 PATTERN 
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MCM66700 Series 

FIGURE 9 - MCM66734 PATTERN· 

FIGURE 10 - MCM66720 PATTERN" 
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MCM66700 Series 

FIGURE 11 - MCM66730 PATTERN·· 

FIGURE 12 - MCM66740 PATTERN 
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MCM66700 Series 

FIGURE 13 - MCM66750 PATTERN 

MCM66751 - Same as MCM66750 except CS1 = 0, CS2 = 0, CS3 = X, and CS4 = X. 

FIGURE 14 - MCM66760 PATTERN 
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MCM66700 Series 

FIGURE 16 - MCM66770 PATTERN 

FIGURE 16 - MCM66780 PATTERN 
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MCM66700 Series 

FIGURE 17 - MCM66790 PATTERN 

6-21 



MCM66700 Series 

MCM6570 Series MCM66700 Equivalent 

MCM6571 MCM66710 
MCM6571A MCM66714 
MCM6572 MCM66720 
MCM6573 MCM66730 
MCM6S73A MCM66734 
MCM6574 MCM66740 
MCM6575 MCM66750 
MCM6576 MCM66760 
MeM6577 MCM66770 
MCM6678 MCM667BO 
MCM6579 MCM667g0 

Description 

ASCII, shifted 
ASCII, shifted 

ASCII 
Japanese 
Japanese 
Math Symbols 
Alphanumeric Control 
British, shifted 
German, shifted 

French, shifted 
European, shifted 

MCM66700 Series 
Pin Assignment 

19 

16 

.... ___ =_'3 

MCM6570 Series 
Pin Assignment 

APPLICATIONS INFORMATION 

One important application for the MCM66700 series is 
in CRT display systems (Figure 18). A set of buffer shift 
registers or random access memories applies a 7-bit 
character code to the input of the character generator, 
which then supplies one row of the character according 
to the count at the four row select inputs. As each row 
is available, it is put into the TTL MC7495 shift registers. 
The parallel information in these shift registers is clocked 

serially out to the Z-axis where it modulates the raster 
to form the character. 

The MCM66700 series require one power supply of 
+5.0 volts. When powering this device from laboratory 
or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure 
can result. Sor"e power supplies exhibit spikes or glitches 
on their outputs when the ac power is switched on and off. 

FIGURE 18 - CRT DISPLAY APPLICATION USING MCM66710 

MC7495 

o-;!- Os 00 ~ 6 
MC 

9 Cl 
~ 

8 C2 
01 

0---3- DpO 

~ 3 
Dpl 02 

~ AO 
17 4 

Dp2 DO 

~ Al 
7 5 

03t=J 
01 Dp3 

~ A2 
18 

02 
Character ~ A3 03 

6 

~ 
MC7495 

Code 
~ 19 ~ A4 04 Os 00 

~ A5 05 
5 6 

MC 

~ A6 D6~ 9 
Cl ~ 01 

RSO RSI RS2RS3 8 
C2 

21 22 23 24 2 
DpO 

~ 3 
Dpl 

02 

4 
Dp2 

10 5 Z Axis Dp3 03 
Input 

Preset 

Control Cl 
Counters 

C2 
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MCM66700 Series 

The formats below are given for your convenience in preparing character information for MCM66700 programming. 

THESE FORMATS ARE NOT TO BE USED TO TRANSMIT THE INFORMATION TO MOTOROLA. Refer to the Custom 
Programming instructions for detailed procedures. 

Character Number Character Number Character Number 

MSB LSB HEX MSB LSB HEX MSB LSB HEX 

R 0000 0000 R 0000 000 R 0000 0000 
R 000 0000 R 000 0000 R 000 0000 
R DOD DODD R DOD DODD R DOD DODD 
R DOD DODD R DOD DODD R DOD 0000 
R DOD DODO R 000 DODD R DOD DODD 
R DOD DODO R DOD DODO R DOD DODO 
R DOD DODO R DOD DODD R DOD DODD 
R DOD 0000 R DOD DODO R DOD DODO 
R ODD 0000 R DOD 0000 R ODD DODD 

S D6 0403 DO S D6 0403 DO S D6 0403 DO 

Character Number Character Number Character Number _ 

MSB LSB HEX MSB LSB HEX MSB LSB HEX 

R 0000 DODO R DODO DODO R DODO DODO 
R DOD DODO R DOD DODD R DOD DODD 
R DOD DODD R DOD DODD R DOD DODD 
R DOD DODD R DOD DODD R DOD DODD 
R DOD DODO R DOD DODO R DOD DODD 
R DOD DODO R DOD DODO R DOD DODD 
R DOD DODD R DOD DODD R DOD DODD 
R DOD 0000 R DOD DODO R DOD DODO 
R DOD DODD R ODD DODD R DOD DODO 

S D6 0403 DO S D6 D4 D3 DO S D6 0403 DO 

Character Number Character Number Character Number 

MSB LSB HEX MSB LSB HEX MSB LSB HEX 

R 0000 DODO R 0000 ODD R 0000 DODO 
R DOD DODO R DOD DODO R DOD DODO 
R ODD DODD R DOD DODD R DOD DODD 
R DOD DODO R DOD DODD R DOD DODD 
R DOD DODD R DOD DODD R DOD DODD 
R 000 DODO R DOD DODO R 000 0000 
R 000 000 R 000 000 R 000 000 
R DOD 0000 R DOD 0000 R DOD DODO 
R DOD DODD R DOD 0000 R DOD DODO 

S D6 D4 D3 DO S D6 D4 D3 DO S D6 D4 D3 DO 
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® MOTOROLA 

1024X8·BIT READ ONLY MEMORY 

The MCM6BA30A/MCM6BB30A are mask-programmable byte
organized memories designed for use in bus-organized systems_ 
They are fabricated with N-channel silicon-gate technology_ For 
ease of use, the device operates from a single power supply, has 
compatibility with TTL and DTL, and needs no clocks or 
refreshing because of static operation_ 

The memory is compatible with the M6BOO Microcomputer 
Family, providing read only storage in byte increments. Memory 
expansion is provided through multiple Chip Select inputs. The 
active level of the Chip Select inputs and the memory content are 
defined by the customer. 

• Organized as 1024 Bytes of B Bits 

• Static Operation 

• Three·State Data Output 

• Four Chip Select Inputs (Programmable) 

• Single ±10% 5-Volt Power Supply 

• TTL Compatible 

• Maximum Access Time = 350 ns - MCM6BA30A 
250 ns - MCM6BB30A 

ABSOLUTE MAXIMUM RATINGS ISee Note 11 

Rating Symbol Value 

Supply Voltage VCC -0.3 to +7.0 

I nput Voltage Vin -0.3 to +7.0 

Operating Temperature Range TA o to +70 

~torage Temperature ~ange T"g -65 to +150 

Unit 

Vdc 

Vdc 

°c 
°c 

NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability_ 

Address Data 
Bus Bus 

M6BOO MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 
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MCM68A30A 
MCM68B30A 

MOS 
(N-CHANNEL.SILICON-GATEI 

1024 X 8-BIT 

READ ONLY MEMORY 

4'A'1 C SUFFIX 
, . FRIT-SEAL CERAMIC PACKAGE 

ci ' CASE 623 

P SUFFIX 
PLASTIC PACKAGE 

CASE 709 
ffIIIII' 

PIN ASSIGNMENT 

GND[~ AO 

DO! 2 23 Al 

D1I 3 22 A2 

D2! 4 21 A3 

D3! 5 20 A4 

D4[ 6 19 A5 

D5! 7 18 A6 

D6! 8 17 A7 

D7! 9 16 AB 

CS1Il0 15~A9 
CS2! 11 14 ~CS4 
Vee! 12 13 ~eS3 

MCM6BA30AlMCM6BB30A READ ONLY 
MEMORY BLOCK DIAGRAM 

Memory 
Matrix 

(1024 X 81 

Memory Address 
end Control 

Data 
Buffers 

Data Bus 

DS9456 Rl/6-78 



MCM68A30A-MCM68B30A 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted,) 

RECOMMENDED DC OPERATING CONDITIONS 

Parameter 

Supply Voltage 

Input High Voltage 

Input Low Voltage 

DC CHARACfERISTICS 

Characteristic 

I nput Current 

(Vin = 0 to 5.5 V) 

Output High Voltage 

(lOH = -205"AI 

Output Low Voltage 

IIOL = 16 mAl 

Output Leakage Current (Three-State) 

ICS = 0.8 V or CS = 2.0 V, VOU! = 0.4 V to 2.4 VI 

Supply Current 

(Vee=5.5V,TA=00el 

CAPACITANCE If = 1.0 MHz, T A = 250 e, p,modicaiiy sampled 

rather than 100% tested,) 

Characteristic Symbol Max 

I nput Capacitance Cin 7.5 

Output Capacitance Cout 12.5 

Symbol 

Vee 

V,H 

V,L 

Symbol 

I,n 

VOH 

VOL 

'LO 

ICC 

Unit 

pF 

pF 

BLOCK DIAGRAM 

AD 24 
A1 23 
A2 22 
A3 21 
A4 20 Address 

A5 19 Decode 

A6 18 
A7 17 
A8 16 
A9 15 

eS1· 10--Q--.,. 

Min Nom Max Unit 

4.5 5.0 5.5 Vdc 

2.0 - 5.5 Vdc 

-0.3 - 0.8 Vdc 

Min Typ Max Unit 

- - 2.5 }JAde 

2.4 - - Vdc 

- - 0.4 Vdc 

- - 10 .uAdc 

-- - 130 mAde 

This device contains circuitry to protect the 
inputs against damage due to high static voltages 
or electric fields; however, it is advised that 
normal precautions be taken to avoid application 
of any voltage higher than maximum rated volt· 
ages to this high-impedance circuit. 

2 DO 
3 01 
4 02 
5 03 
6 04 

05 
06 

9 07 

g~~: ~i r---------------J 
eS4· 14-~----' 

• Active level defined by the customer. 
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MCM68A30A-MCM68B30A 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise noted.) 

IAII timing with tr :::: tt = 20 ns, Load of Figure 1) 

MCM68A30AL 

Characteristic Symbol Min Max 

Cycle Time 

Access Time 

Chip Select to Output Delay 

Data Hold from Address 

Data Hold from Deselection 

tcyc 350 

tace 

tco -
tDHA 10 

tDHD 10 

FIGURE 1 - AC TEST LOAD 

Test Point 0-.... -<>--10.-. 

130 pF· 11.7 k 

-Includes Jig Capacitance 

5.0 V 

RL"'2.Sk' 

MM06150 
or Equiv 

MM07000 
or Equiv 

TIMING DIAGRAM 

t cvc 

tacc 

-
350 

150 

150 

MCM68B30AL 

Min Max 

250 -
250 

125 
10 

10 125 

Address =:y. 2.0 V 
~ 10;:.0.8 V 

cs 2.0 V 
0.8 V 

tco 

2.0 V 
0.8 V X 

I-tOHO~ 
I-tOHA 

K 2.4 V 
0.4 V 

Data Out 
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Unit 

ns 

ns 

ns 

ns 

ns 

.XJ<XAAX. 

XX 

XX~ 



MCM68A30A-MCM68B30A 

CUSTOM PROGRAMMING 
By the programming of a single photomask for the 

MCM6BA30A/MCM68B30A, the customer may specify 
the content of the memory and the method of enabling 
the outputs. 

Information on the general options of the 
MCM68A30A/MCM68B30A should be submitted on 
an Organizational Data form such as that shown in Figure 
3. ("No Connect" must always be the highest order Chip 
Select pin(s).) 

Information for custom memory content may be sent 

to Motorola in one of four forms (shown in order of 
preference) : 

1. Paper tape output of the Motorola M6800 Software. 

2. Hexadecimal coding using IBM Punch Cards. 

3. EPROM (MCM2708, MCM27A08, or MCM68708). 

4. Hand-punched paper tape (Figure 3). 

PAPER TAPE 

Included in the software packages developed for the 
M6800 Microcomputer Family is the ability to produce 
a paper tape output for computerized mask generation. 
The assembler directives are used to control allocation 
of memory, to assign values for stored data, and for 
controlling the assembly process. The paper tape must 
specify the full 1024 bytes. 
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FIGURE 2 - BINARY TO HEXADECIMAL CONVERSION 

Binary Hexadecimal 
Data Character 

0 0 0 0 0 

0 0 0 1 1 

0 0 1 0 2 

0 0 1 1 3 

0 1 0 0 4 

0 1 0 1 5 

0 1 1 0 6 

0 1 1 1 7 
1 0 0 0 8 

1 0 0 1 9 

1 0 1 0 A 

1 0 1 1 B 

1 1 0 0 C 

1 1 0 1 0 

1 1 1 0 E 

1 1 1 1 F 

IBM PUNCH CARDS 

The hexadecimal equivalent (from Figure 2) may be 
placed on 80 column IBM punch cards as follows: 

Step 

1 

2 

Column 

12 Byte "0" Hexadecimal equivalent for 
outputs D7 thru D4 (07 = M.S.B.) 

13 Byte "0" Hexadecimal equivalent for 
outputs D3 thru DO (D3 = M.S.B.) 

3 14-75 Alternate steps 1 and 2 for consecutive 
bytes. 

4 77-80 Card number (starting 0001) 



MCM68A30A-MCM68830A 

FIGURE 3 - HAND·PUNCHED PAPER TAPE FORMAT 

Frames 

leader 
1 to M 
M+l,M+2 

M+3toM+66 

M+67,M+68 
M+69toM+2112 

Blank Tape 

Blank Tape 
Allowed for customer use (M <;;;64) 
CR; IF (Carriage Return; line 
Feed) 
First line of pattern information 
(64 hex figures per line) 
CR;lF 
Remaining 31 lines of hex figures, 
each line followed by a Carriage 
Return and line Feed 

Frames 1 to M are left to the customer for internal 
identification, where M <;;; 64. Any combination of alpha· 
numerics may be used. This information is terminated 
with a Carriage Return and line Feed, delineating the 
start of data entry. (Note that the tape cannot begin 
with a CR and lor IF, or the customer identification will 
be assumed to be programming data.) 

Option A (1024 x 8) 

Frame M + 3 contains the hexadecimal equivalent of 

bits 07 thru 04 of byte O. Frame M + 4 contains bits 
03 thru DO. These two hex figures together program byte 
O. likewise, frames M + 5 and M + 6 program byte 1, 
while M + 7 and M + 8 program byte 2. Frames M + 3 to 
M + 66 comprise the first line ofthe printout and program, 
in sequence, the first 32 bytes of storage. The line is 
terminated with a CR and IF. 

Option B (2048 x 4) 
Frame M + 3 contains the hexadecimal equivalent 

of byte 0, bits 03 thru DO. Frame M + 4 contains byte 1, 
frame M + 5 byte 2, and so on. Frames M + 3 to M + 66 
sequentially program bytes 0 to 31 (the first 32 bytes). 
The line is terminated with a CR and LF. 

Both Options 
The remaining 31 lines of data are punched in sequence 

using the same format, each line terminated with a CR 
and LF. The total 32 lines of data contain 32 x 64 or 
2048 characters. Since each character programs 4 bits of 
information, a full 8192 bits are programmed. 

As an example, a printout of the punched tape for 
Figure 13 would read as shown in Figure 10 (a CR and 
LF is implicit at the end of each line). 

FIGURE 4 - FORMAT FOR PROGRAMMING GENERAL OPTIONS 

ORGANIZATIONAL DATA 
MCM68A30A/68B30A MOS READ ONLY MEMORY 

Customer: Motorola Use Only: 

Company Quote: ______________________ ___ 

Part No. Part No.: ____________________ __ 

Orig inator __________________________________ _ Specif. No.: ____________________ _ 

Phone No. ________________________ ___ 

Chip Select Options: Active Active No Connect 
High Low "Don't Care" 

CSl D D D 
CS2 D D 0 
CS3 D D 0 
CS4 D D D 
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1024 X 8-BIT READ ONLY MEMORY 
The MCM68A308/MCM68B308 is a mask-programmable byte

organized memory designed for use in bus-organized systems. It is 
fabricated with N-channel silicon·gate technology. For ease of use, 
the deVice operates from a single power supply, has compatibility 
with TTL and DTL, and needs no clocks or refreshing because 
of static operation. 

The memory is compatible with the M6800 Microcomputer 
Family, providing read only storage in byte increments. Memory 
expansion is provided through multiple Chip Select inputs. The 
active level of the Chip Select inputs and the memory content 
are defined by the customer. 
o Organized as 1024 Bytes of 8 Bits 
e Static Operation 
o Three-State Data Output 
o Mask-Programmable Chip Selects for 

Simplified Memory Expansion 
o Single ±10% 5-Volt Power Supply 
o TTL Compatible 
a Maximum Access Time = 350 ns - MCM68A308 

250 ns - MCM68B308 
o 350 mW Typical Power Dissipation 

MOTOROLA'S PIN-COMPATIBLE EPROM FAMILY 

MOTOROLA'S PIN·COMPATIBLE ROM FAMILY 
32K 

INDUSTRY STANDARD PINOUTS 

lBK 

13 as 
MCMBBA31BE 
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MCM68A308 
MCM68B308 

MOS 
IN·CHANNEL, SILICON-GATEI 

1024X 8-BIT 

READ ONLY MEMORY 

C SUFFIX 
FRIT -SEAL CERAMIC PACKAGE 

CASE 623 

P SUFFIX 
PLASTIC PACKAGE 

CASE 700 

PIN ASSIGNMENT 

A5 22 

A4 21 

A3 20 

A2 19 

A1 

AO 

00 

01 

14 

13 

PIN NAMES 

Vee 
A8 

A9 

S3 

S1 

S4 

S2 

Q7 

06 

04 

03 

AO-A9 .... Address Inputs 

51-$4 .... Chip Selects 

aO-Q7 .... Data Output 

Vee .... + 5 V Power Supply 

vss ..•. Ground 

059501/6-78 



MCM68A308-MCM68B308 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted) 

RECOMMENDED DC OPERATING CONDITIONS 

Parameter 

Supply Voltage 

Input High Voltage 

Input Low Voltage 

DC CHARACTERISTICS 

Characteristic 

I nput Current 

(V in : 0 to·5.5 V) 

Output High Voltage 
IIOH : -205 ~A} 

Output Low Voltage 
IIOl: 1.6 rnA} 

Output Leakage Current (Three-State I 
(5: 0.8 V or S: 2.0 V. V out : 0.4 V to 2.4 V) 

Supply Current 

(VCC: 5.5 V. TA: OoC) 

ABSOLUTE MAXIMUM RATINGS (See Note 1) 

Rating Symbol 

Supply Voltage 

Input Voltage 

Operating Temperature Range 

Storage Temperature Range 

NOTE 1: Permanent device damage may occur 

if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be 
restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recom
mended voltages for extended periods of time 
CQuid affect device reliability. 

AO 8 
A1 
A2 6 
A3 5 

VCC 

Vin 

TA 

Tstg 

BLOCK A4 4 Address 

DIAGRAM A5 3 Decode 

A6 
A7 
A8 23 
A9 22 

51' 20 
S2~ .18 
53' 21 
54' 19 

• Active lavel defined by the user. 

Symbol Min Typ 

VCC 4.5 5.0 

VIH 2.0 -

Vil -0.3 -

Symbol Min Max 

lin - 2.5 

VOH 2.4 -

VOL - 0.4 

IlO - 10 

ICC - 130 

Value Unit 

-0.3 to +7.0 Vdc 

-0.3 to +7.0 Vdc 

o to +70 °c 
-65to+150 °c 

M6S0D MICROCOMPUTER FAMilY 
BLOCK DIAGRAM 

Address Data 
Bus Bus 
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00 
'0 01 
11 02 
t3 03 
t4 04 
15 05 
16 06 
'7 07 

Vee = Pin 24 

VSS = Pin 12 

Mnx Unit 

5.5 Vdc 

5.5 Vdc 

0.8 Vdc 

Unit 

,uAde 

Vdc 

Vdc 

/JAde 

mAde 



MCM68A308e MCM68B308 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise noted. 

All timing with tr ::=. tf ;=: 20 ns, Load of Figure 1) 

MCM68A308 

Characteristic Symbol Min Max 

Cycle Time tcyc 350 

Access Time tace - 350 

Chip Select to Output Delay 'SO - 150 

Data Hold from Address tOHA 10 

Data Hold from Deselection tOHO 10 150 

CAPACITANCE 
(f '" 2.0 MHz, TA == 250 C, periodically sampled rather than 100% tested) 

Characteristic 

Input Capacitance 

Output Capacitance 

=:y 2.0 V 
1.0.8 V 

Address 

5 .x.y 2.0 V 

.. 
XX· t" 0.8 V 

Data O"t ~ 

~ "" Don't care 

FIGURE 1 - AC TEST LOAD 

Test Po int o---<r--r-/(}---+ 

130pF· * 11.7 k 

·lncludesJig Capacitance 

TIMING DIAGRAM 

tCYC 

tace 

'50 
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5:0 V 

MM0615Q 
or Equiv 

MMD70QO 
or Equiv 

~ 2.4 V 
0.4 V 

MCM68B308 

Min Max Unit 

250 ns 

- 250 ns 

- 150 ns 

10 ns 

10 150 ns 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this 

high·impedance circuit. 

;X 

0.8 V ~ 

2.0V;< ~ X~ 

I-'DHD~ 
I-'DHA 

~ 



MCM68A308-MCM68B308 

CUSTOM PROGRAMMING 

By the programming of a single photomask for the 
MCM6BA308/MCM68B308, the customer may specify 
the content of the memory and the method of enabling 
the outputs. (A "no·connect" must always be the highest 
order chip-select(s).) 

Information on the general options of the 
MCM68A308/MCM68B308 should be submitted on an 
Organizational Data form such as that shown in Figure 4. 

Information for customer memory content may be 
sent to Motorola in one of four forms (shown in order 
of preference) : 

1. Paper tape output of the Motorola M6800 Software. 
2. Hexadecimal coding using IBM Punch Cards. 
3. EPROM one MCM68A708 or equivalent. 
4. Hand punched paper tape (Figure 3). 

PAPER TAPE 

Included in the software packages developed for the 
M6800 Microcomputer Family is the ability to produce 
a paper tape output for computerized mask generation. 
The assembler directives are used to control allocation 
of memory, to assign values for stored data, and for 
controll ing the assembly process. The paper tape must 
specify the full 1024 bytes. 

FIGURE 2 - BINARY TO HEXADECIMAL CONVERSION 

Binary Hexadecimal 
Data Character 

0 0 0 0 0 
0 0 0 1 1 

0 0 1 0 2 

0 0 1 1 3 
0 1 0 0 4 

0 1 0 1 5 

0 1 1 0 6 
0 1 1 1 7 
1 0 0 0 8 

1 0 0 1 9 

1 0 1 0 A 

1 0 1 1 B 

1 1 0 0 C 

1 1 0 1 0 
1 1 1 0 E 

1 1 1 1 F 

IBM PUNCH CARDS 

The hexadecimal equivalent (from Figure 2) may be 
placed on 80 column IBM punch cards as follows: 

Step Column 

1 12 Byte "0" Hexadecimal equivalent for 
outputs 07 thru 04 (Q7 = M.S.B.) 

2 13 Byte "a" Hexadecimal equivalent for 
outputs 03 thru 00 (03 = M.S.B.) 

3 14-75 Alternate steps 1 and 2 for consecutive 
bytes. 

4 77-80 Card number (starting 0001) 

FIGURE 3 - HAND-PUNCHED PAPER TAPE FORMAT 

Frames 

Leader 
1 to M 
M+1,M+2 

M+3toM+66 

M + 67, M +68 
M + 69 to M + 2112 

Blank Tape 

Blank Tape 
Allowed for customer use (M";;; 64) 
CR; LF (Carriage Return; Line 
Feed) 
First line of pattern information 
(64 hex figures per line) 
CR;LF 
Remaining 31 lines of hex figures, 
each line followed by a Carriage 
Return and Line Feed 

Frames 1 to M are left to the customer for internal 
identification, where M ,,;;; 64. Any combination of alpha
numerics may be used. This information is terminated 
with a Carriage Return and Line Feed, del ineating the 
start of data entry. (Note that the tape cannot begin 

with a CR and/or LF, or the customer identification will 
be assumed to be programming data.) 

Frame M + 3 contains the hexadecimal equivalent of 
bits 07 thru 04 of byte O. Frame M + 4 contains bits 
03 thru 00. These two hex figures together program byte 
O. Likewise, frames M + 5 and M + 6 program byte 1, 
while M + 7 and M + 8 program byte 2. Frames M + 3 to 
M + 66 comprise the first line of the printout and program, 
in sequence, the first 32 bytes of storage. The line is 
terminated with a CR and LF. 

The remaining 31 lines of data are punched in sequence 
using the same format, each line terminated with a CR 
and LF. The total 32 lines of data contain 32 x 64 or 
2048 characters. Since each character programs 4 bits of 
information, a full 8192 bits are programmed. 
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MCM68A308oMCM688308 

FIGURE 4 - FORMAT FOR PROGRAMMING GENERAL OPTIONS 

ORGANIZATIONAL DATA 
MCM68308 MOS READ ONL Y MEMORY 

Customer: Motorola Use Only: 

Company ________________________________ __ Quote: ______________________ _ 

Part No. Part No.: ___________________ __ 

Originator _______________________________ _ Speci!. No.: __________________ __ 

Phone No. ________________________ _ 

Chip Select: Active Active No 
High Low Connect 

Sl D D D 
S2 D D D 
S3 D D D 
54 D D D 
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® MOTOROLA 

2048 X 8 BIT READ ONLY MEMORY 

The MCM68A316E is a mask-programmable byte-organized 
memory designed for use in bus-organized systems. It is fabricated 
with N-channel silicon-gate technology_ For ease of use, the device 
operates from a single power supply, has compatibility with TTL and 
DTL, and needs no clocks or refeshing because of static operation_ 

The memory is compatible with the M6800 Microcomp~ter 

Family, providing read only storage in byte increments_ Memory 
expansion is provided through multiple Chip Select inputs_ The 
active level of the Chip Select inputs and the memory content 
are defined by the user_ 

• Fully Static Operation 

• Three-State Data Output 

• Mask-Programmable Chip Selects for 
Simplified Memory Expansion 

• Single ± 10% 5-Volt Power Supply 

• TTL Compatible 

• Maximum Access Time = 350 ns 

• Plug-in Compatible with 2316E 

• Pin Compatible with 2708 and TMS2716 EPROMs 

MOTOROLA'S PIN-COMPATIBLE ROM FAMILY 

64K 

A7 1. 24 VCC 32K 

A6 2 23 A8 '-1l 
22 A9 24 VCC 16K 
21 A12 23 A8 
20E 22A9 
19 A10 21 S 
18 A11 20 5 
17 Q7 19 A10 
16 a6 18 A11 
15a5 17 a7 
14 a4 16 as 
13 a3 15 a5 

"-=-__ ---CJ 14 a4 
MCMS8364 13 a3 

MCMS8A332 

MCM68A31SE 

INDUSTRY STANDARD PINOUTS 

VCC 8K 
AS 

MCM68A308 
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AA89·1 

MCM68A316E 

MOS 
IN-CHANNEL, SILICDN-GATEI 

2048 X 8 BIT 
READ ONLY MEMORY 

C SUFFIX 
FRIT-SEAL CERAMIC PACKAGE 

CASE 623 

P SUFFIX 
PLASTIC PACKAGE 

CASE 700 

PIN ASSIGNMENT 

PIN NAMES 

AO-A10. .. Address Inputs 

S1-S3. .. Chip Selects 

aO-Q7 .... Data Output 

Vee, ... + 5 V Power Supply 

Vss .... Ground 

D59500/6-78 



MCM68A316E 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted) 

RECOMMENDED DC OPERATING CONDITIONS 

Parameter Symbol 

Supply Voltage Vee 

Input High Voltage VIH 

Input Low Voltage VIL 

DC CHARACTERISTICS 

Characteristic Symbol 

Input Current lin 
(Vin = 0 to 5,5 V) 

Output High Voltage VOH 
IIOH ~ -205 ~AI 

Output Low Voltage VOL 
IIOL ~ 1.6 mAl 

Output Leakage Current (Three-State) ILO 
IS ~ 03 V or S ~ 2.0 v. V out ~ 0.4 V to 2.4 VI 

Supply Current lee 
IVeC ~ 5.5 V. TA ~ OOCI 

ABSOLUTE MAXIMUM RATINGS ISee Note 1 I 

Rating Symbol Value Unit 

Supply Voltage Vec -0.3to +7.0 Vdc 

Input Voltage Vin -0.3 to +7.0 Vdc 

Operating Temperature Range TA o to +70 °e 

Storage Temperature Range Tstg -65 to +150 °c 

NOTE 1: Permanent deVice damage may occur If ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages 

Min 

4.5 

2.0 

-0.3 

Min 

-

2.4 

-

-

-

Typ Max Unit 

5.0 5.5 Vdc 

- 5.5 Vdc 

- 0.8 Vdc 

Max Unit 

2.5 }lAde 

- Vdc 

0.4 Vdc 

10 /-LAde 

130 mAde 

for extended periods of time could affect device reliability. ,,=======;,------------, 

CAPACITANCE 
(f "" 2.0 MHz, T A = 25°C, periodically sampled rather than 100% tested) 

Characteristic 

Input Capacitance 

Output Capacitance 

AO 
Al 
A2 
'13 

BLOCK A4 

DIAGRAM AS 
A6 
A7 
AS 
A9 

Al0 

S 

6 

4 
3 

23 
22 
19 

51' 
52' 
53' 

M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 

Address 
Decode 

* Active level defined by the user. 
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Addross 
Bu. 

Data 
Bu. 

9 00 
10 01 
11 02 
13 03 
14 04 
15 05 
16 06 
17 Q7 

Vee'" Pin 24 

Gnd --: Pin 12 



MCM68A316E 

FIGURE 1-AC TEST LOAD 
5.0 V 

T est Po in t 0-..,...---1>-""''--; 

130 pF· 

• 'nclu~es Jig Capacitance 

This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or elec~ 
tric fields; however, it is advised 
that normal precautions be taken 
to avoid application of any vol
tage higher than maximum fated 
voltages to this high-impedance 
circuit. 

A L . 2.5 k 

MMD6150 
or Equiv 

MM07000 
or Equiv 

0:8 V 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise noted. 

All timing with tr = tf = 20 ns, Load of Figure 1) 

Characteristic Symbol Min Max Unit 

Cycle Time tcyc 350 - ns 

Access Time tace - 350 ns 

Chip Select to Output Delay tso - 150 ns 

Data Hold from Address tDHA 10 - ns 

Data Hold from Deselection tH 10 150 ns 

TIMING DIAGRAM 

2.0 V 

~-------tso------~~ 
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MCM68A316E 

CUSTOM PROGRAMMING 

By the programming of a single photomask for the 
MCM6BA316E, the customer may specify the content of 
the memory and the method of enabling the outputs. 

FIGURE 2 - BINARY TO HEXADECIMAL CONVERSION 

Information on the general options of the 
MCM6BA316E should be submitted on an Organizational 
Data form such as that shown in Figure 3. ("No·Connect" 
must always be the highest order Chip Select(s).) 

Information for custom memory content may be sent 
to Motorola in one of three forms (shown in order of 
preference) : 

1. Paper tape output of the Motorola M6BOO Software. 
2. Hexadecimal coding using IBM Punch Cards. 
3. EPRciM (TMS2716 or MCM2716). 

Binary 
Data 

0 0 

0 0 

0 0 

0 0 

0 1 

0 1 

0 1 

0 1 

1 0 

1 0 

1 0 
1 0 

1 1 

1 1 

1 1 

1 1 

IBM PUNCH CARDS 

Hexadecimal 
Character 

0 0 0 

0 1 1 

1 0 2 
1 1 3 

0 0 4 

0 1 5 

1 0 6 
1 1 7 

0 0 8 
0 1 9 

1 0 A 

1 1 B 

0 0 C 

0 1 0 

1 0 E 

1 1 F 

PAPER TAPE 
Included in the software packages developed for the 

M6BOD Microcomputer Family is the ability to produce a 
paper tape output for computerized mask generation. The 
assembler directives are used to control allocation of 
memory, to assign values for stored data, and for control· 
ling the assembly process. The paper tape must specify the 
full 2048 bytes. 

The hexadecimal equivalent (from Figure 2) may be 
placed on 80 column· IBM punch cards as follows: 

Step Column 
1 12 Byte "0" Hexadecimal equivalent for 

outputs 07 thru 04 (07 = M.S.B.) 
2 13 Byte "0" Hexadecimal equivalent for 

outputs 03 thru ao (03 = M.S.B.) 
3 14-75 Alternate steps 1 and 2 for consecutive 

Customer: 

bytes. 
4 77-80 Card number (starting 0001) 

Total number of cards (64) 

FIGURE 3 - FORMAT FOR PROGRAMMING GENERAL OPTIONS 

ORGANIZATIONAL DATA 
MCM68A316E MOS READ ON L Y MEMORY 

Motorola Use Only: Company __________________________ . ______ __ 

Part No. 

Originator _________________ __ 

Chip Select: 

Phone No. ____________ _ 

S1 

S2 

S3 

Active 
High 

o 
o 
o 
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Ouote: ___________ ___ 

Part No.: ____________ _ 

Specif. No.: 

Active No 
Low Connect 

0 D 
0 D 
0 0 



® MOTOROLA 

E 
S 
E 
G 

2048 x 8 BIT READ ONLY MEMORY 

The MCM65516 is a complementary MOS mask programmable byte 
organized read only memory (ROMI. The MCM65516 is organized as 
2048 bytes of 8 bits, designed for use in multiplex bus systems. It is 
fabricated using Motorola's high performance silicon gate CMOS 
technology, which offers low-power operation from a single 5.0 volt 
supply. 

The memory is compatible with CMOS microprocessors that share 
address and data lines. Compatibility is enhanced by pins 13, 14, 16, 
and 17 which give the user the versatility of selecting the active levels of 
each. Pin 17 allows the user to choose active high, active low, or a third 
option of programming which is termed the "MOTEL" mode. If this 
mode is selected by the user, it provides direct compatibility with either 
the Motorola MC146805E2 or Intel 8085 type microprocessor series. In 
the MOTEL operation the ROM can accept either polarity signal on the 
data strobe input as long as the signal toggles during the cycle. This 
unique operational feature makes the ROM an extremely versatile 
device. 

• 2K x 8 CMOS ROM 

• 3 to 6 Volt Supply 

• Access Time 
430 ns (5 V) MCM65516-43 
550 ns (5 V) MCM65516-55 

• Low Power Dissipation 
15 mA Maximum (Active) 
30 p.A Maximum (Standby) 

• Multiplex Bus Directly Compatible With CMOS Microprocessors 
(MC146805E2, NSC800) 

• Pins 13, 14, 16, and 17 are Mask Programmable 

• MOTEL Mask Option Also Insures Direct Compatibility with NMOS 
Microprocessors Like MC6803, MC6801, 8085, and 8086 

• Standard 18 Pin Package 

BLOCK DIAGRAM 

AOO-A07 

M--------. 

S Disables 
Output Buffers 

E, E Limit 
Power Dissipation 

ROM Array 

~;~_1_2~SI~~~~ ________ ~_~ 
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MCM65516 

CMOS 
(COMPLEMENTARY MOSI 

2048 X 8 BIT 
MULTIPLEXED BUS 

READ ONLY MEMORY 

L SUFFIX 
CERAMIC PACKAGE 

CASE 680 

P SUFFIX 
PLASTIC PACKAGE 

CASE 707 

PIN ASSIGNMENTS 

AOO 'i;\J"i8pvcc 
AOI 17~G 
A02 16 PE 

A03 15 PM 
A04 14pS 

A05 13PE 

A06 12 PAlO 

A07 11 A9 

VSS 9 10 pAS 

PIN NAMES 
AOO-A07 ........... Address/ Data Output 
AS-A 10... .. ................... Address 
M.. . ........ rv1ultiplex Address Strobe 
E.. . ............. Chip Enable 
S.. .. .............. Chip Select 
G .............. 08t8 Strobe (Output Enable} 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 

DS-9861/4-82 



MCM65516 

ABSOLUTE MAXIMUM RATINGS ISee Note! 

Rating Symbol Value Unit 

Supply Voltage VCC -0.3 to + 7.0 V 

Input Voltage Yin -0.3 to + 7.0 V 

Operating Temperature Range TA o to + 70 'c 
Storage Temperature Range Tstq -65 to + 150 'c 

NOTE: Permanent device damage may occur If ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operatIOn should be restricted to 
RECOMMENDED OPERATING CONDITIONS. Exposure to higher than recommended voltages for extended periods of time could af
fect device reliability. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol 

Supply Voltage 
VCC (Vee must be applied at least 100 ILs before proper device operation is achieved) 

Input High Voltage VIH 

Input Low Voltage VIL 

RECOMMENDED OPERATING CHARACTERISTICS 

Characteristic Symbol 
MCM65516.-43 MCM65516-55 

Unit 
Min Max Min Max 

Output High Voltage 
VOH VCC-004 V - VCC-004 V - V 

Source Current - 1.6 rnA 

Output Low Voltage 
VOL - 004 - 0.4 V 

Sink Current + 1.6 rnA 

Supply Current IOperating! ICCI - 15 - 15 rnA 

Supply Current IDC Active! ICC2 - 100 100 ~A 

Standby Current IISB - 30 - 50 ~A 

Input Leakage lin -10 +10 -10 +10 ~A 

Output Leakage IOL -10 +10 -10 +10 ~A 

CAPACITANCE If= 1.0 MHz, T A = 25'C, periodically sampled rather than 100% tested.! 

Characteristic 

Input Capacitance 

Output Capacitance 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 

READ CYCLE 

RECOMMENDED OPERATING CONDITIONS 
CL=l30 pF 

Min Nom Max Unit 

4.5 5.0 5.5 V 

VCC-2.0 - VCC V 

-0.3 - 0.8 V 

Test Condition 

CL = 130 pF, Vin = VIH to VIL 
tcyc= 1.0 ~s 

Vin-VCC to GND 

Vin-VCC to GND 

Parameter Symbol 
MCM65516-43 MCM65516-55 

Unit 
Min Max Min Max 

Address Strobe Access Time tMLDV - 430 - 550 ns 

Read Cycle Time tMHMH - 750 - 1000 ns 

Multiplex Address Strobe High to Multiplex Address Strobe Low IPulse Width! tMHML 150 - 175 - ns 

Data Strobe Low to Multiplex Address Strobe Low tGLML 50 - 50 - ns 

Multiplex Address Strobe Low to Data Strobe High tMLGH 100 - 160 - ns 

Address Valid to Multiplex Address Strobe Low tAVML 50 - 50 - ns 

--chip Select Low to Multiplex Address Strobe Low tSLML 50 - 50 - ns 

Multiplex Address Strobe Low to Chip Select High tMLSH 50 - 80 - ns 

Chip Enable Low/ High to Multiplex Address Strobe Low tELML 50 - 50 ns 
tEHMH 50 - 50 -

Multiplex Add'ess Strobe Low to Address Don't Care tMLAX 50 - 80 - ns 

Data Strobe High to Data Valid tGHDV 175 - 200 - ns 

Data Strobe Low to High Z tGLDZ - 160 - 160 ns 
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MCM65516 

READ CYCLE TIMING \+--------- tMHMH (Read Cycle Timel-------------t~ 

VIH 
M 

VIL 

VIH 
G 

VIL 

VIH 

E and E 
VIL 

VIH 

S 
VIL 

A8to Al0 

AOO to A07 

FUNCTIONAL DESCRIPTION 
The 2K x 8 bit CMOS ROM (MCM655161 shares address 

and data lines and, therefore, is compatible with the majority 
of CMOS microprocessors in the industry. The package size 
is reduced from 24 pins for standard NMOS ROMs to 18 pins 
due to the multi~lexed bus approach. The savings in 
package size and external bus lines adds up to tighter board 
packing density which is handy for battery powered hand 
carried CMOS systems. This ROM is designed with the in
tention of having very low active as well as standby currents. 
The active power dissipation of 150 mW (at VCC=5 V 
freq= 1 MHz! and standby power of 250 p.W (at VCC= 5 V) 
add up to luw power for battery operation. The typical ac
cess time of the ROM is 280 ns making it acceptable for 
operation with today's existing CMOS microprocessors. 

An example of this operation is shown in Figure 1. Shown 
is a typical connection with either the Motorola MCl46805E2 
CMOS microprocessor (M6800 seriesl or the National 
NSC800 which is an 8085 or ZOO based system. The main dif
ference between the systems is that the data strobe IDSI on 
the MC146805E2 and the read bar (ROlon the 8085 both 
control the output of data from the ROM but are of opposite 
polarity. The Motorola2K x 8 ROM can accept either polarity 
signal on the data strobe input as long as the signal toggles 
during the cycle. This is termed the MOTEL mode of opera
tion. This unique operational feature makes the ROM an ex
tremely versatile part. Further operational features are ex
plained in the following section. 

Operational Featu res 
In order to operate in a multiplexed bus sytem the ROM 

latches, for one cycle, the address and chip select input in
formation on the trailing edge of address strobe (M) so the 
address signals can be taken off the bus. 

Since they are latched, the address and chip select signals 
have a setup and hold lime referenced to the negative edge 

~-+-----tMLDV-----------~ 
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of address strobe. Address strobe has a minimum pulse 
width requirement since the circuit is internally precharged 
during this time and is setup for the next cycle on the trailing 
edge of address strobe. Access time is measured from the 
negative edge of address strobe. 

The part is equipped with a data strobe input (GI which 
controls the output of data onto the bus lines after the ad
dresses are off the bus. The data strobe has three potential 
modes of operation which are programmable Nith the ROM 
array. The first mode is termed the MOTEL mode of opera
tion. In this mode, the circuit can. work with either the 
Motorola or Intel type microprocessor series. The difference 
between the two series for a ROM peripheral is only the 
polarity of the data strobe signal. Therefore, in the MOTEL 
mode the ROM recognizes the state of the data strobe signal 
at the trailing edge of address strobe (requires a setup and 
hold timel, latches the state into the circuit after ,address 
strobe, and turns on the data outputs when an opposite 
polarity signal appears on the data strobe input. In this man
ner the data strobe input can work with either polarity signal 
but that signal must toggle during a cycle to output data on 
the bus lines. If the data strobe remains at a d.c. level the 
outputs will remain off. The data strobe input has two other 
programmable modes of operation and those are the stan
dard static select modes (high or lowl where a d.c. input not 
synchronous with the address strobe will turn the outputs on 
or off. 

The chip enable and chip select inputs are all program
mable with the ROM array to either a high or low select. The 
chip select acts as an additional address and is latched on the 
address strobe trailing edge. On deselect the chip select 
merely turns off the output drivers acting as an output 
disable. It does not power down the chip. The chip enable in
puts, however, do put the chip in a power down standby 
mode but they are not latched with address strobe and must 
be maintained in a d.c. state for a full cycle. 



MCM65516 

FIGURE 1 

TYPICAL MINIMUM SYSTEM - MOTOROLA 

IRO 
Microprocessor 

LI MCl46805E2 

High Order Address Bus 151 

Bus Control Signals 131 

INTRODUCTION 

CBUG05 is a debug monitor program written for the 
MCl46805E2 Microprocessor Unit and contained in the 
MCM65516 2K x 8 CMOS ROM. CBUG05 allows for rapid 
development and evaluation of hardware and M6805 Family 
type software, using memory and register examine/change 
commands as well as breakpoint and single instruction trace 
commands. CBUG05 also includes software to set and 
display time, using an optional MC146818 Real-Time Clock 
I RTCl. and routines to punch and load an optional cassette 

interface. Figure 2 shows a minimum system which only re
quires the MPU, ROM, keypad inputs and display output in
terfaces. Port A of the MCl46805E2 MPU is required for the 
I/O; however, Port B and ali other MCl46805E2 MPU 
features remain available to the user. A possible expanded 
system is shown in Figure 3. If additional information is re
quired, please refer to Application Note AN-823 - "CBUG05 
Debug Monitor Program for MCl46805E2 Microprocessor 
Unit." 

FIGURE 2 - MINIMUM CBUG05 SYSTEM 
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FIGURE 3 - EXPANDED CBUG05 SYSTEM 
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MCM65516 

CUSTOM PROGRAMMING 

By the programming of a single pholomask for the 
MCM65516 the customer may specify the content of the 
memory and the method of enabling the outputs, or selec
tion of the "MOTEL" option (Pin 17l. 

Information on the general options of the MCM65516 
should be submitted on an Organizational Data form such as 
that shown in the below figure. 

Information for custom memory content may be sent to 
Motorola in one of two forms Ishown in order of preferencel: 

1. Magnetic Tape 
9 track, 800 bpi, odd parity written in EBCDIC charac
ter code. Motorola's R.O.M.S. format. 

2. EPROMs 
One 16K IMCM2716, or TMS27161. 

FORMAT FOR PROGRAMMING GENERAL OPTIONS 

ORGANIZATIONAL DATA MOS READ ONLY MEMORY 

Customer: 

Company _________________ _ 

ParI No. _________________ _ 

Origmator _________________ _ 

Phone No. _____________ __ 

Programmable Pin Options 

Active 
13 

High 0 

Active 0 Low 

14 

o 

o 

16 

o 
o 
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Molorola Use Only 

Ouole: ______________ _ 

Part No.: _____________ _ 

Speed. No.: ____________ _ 

,7 

o 

o 
MOTEL 0 



® MOTOROLA 

4096 X a-BIT READ ONL Y MEMORY 

The MCM68A332 is a mask-programmable byte-organized 
memory designed for use in bus·organized systems. It is fabricated 
with N·channel silicon·gate technology. For ease of use, the device 
operates from a single power supply, has compatibility with TTL and 
DTL, and needs no clocks or refreshing because of static operatiori. 

The memory is compatible with the M6800 Microcomputer. 
Family, providing read only storage in byte increments. Memory 
expansion is provided through multiple Chip Select inputs. The 
active level of the Chip Select inputs and the memory content 
are defined by the user. 

• Fully Static Operation 

• Three·State Data Output for OR·Ties 

• Mask·Programmable Chip Selects for Simplified Memory 
Expansion 

• Single ±10% 5-Volt Power Supply 

• Fully TTL Compatible 

• Maximum Access Time = 350 ns 

• Directly Compatible with 4732 

• Pin Compatible with 2708 and 2716 EPROMs 

• Preprogrammed MCM68A332-2 Available 

MOTOROLA'S PIN·COMPATIBLE ROM FAMILY 

64K 

24 VCC 32K 

23A8 ~ 22 A9 24 VCC 
21 A12 23 A8 
20E 22A9 
19 A10 21 S 
18 A11 20 S 
17 07 19 A10 
16 06 18 A11 
15 05 17 07 
14 04 16 06 
13 03 15 05 

'------' 14 04 
MCM68364 13 03 

MCM68A332 

16K 

MCM68A316E 

INDUSTRY STANDARD PINOUTS 

8K 
24 VCC 
23 A8 
22 A9 
21 S 
20 5 
19 S 
18 S 
17 07 
16 06 
15 05 
14 04 

l...-__ 1:..cJ303 

MCM68A308 

AA89·1 
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MCM68A332 

MOS 
IN-CHANNEL, SILICON-GATE I 

4096 X a-BIT 
READ ONL Y MEMORY 

P SUFFIX 
PLASTIC PACKAGE 

CASE 709 

C SUFFIX 
FRIT·SEAL CERAMIC PACKAGE 

CASE 623 

PIN ASSIGNMENT 

A7 

A5 

Vss 

PIN NAMES 

AS 

A9 

82 

51 

Al0 

All 

Q7 

Q6 

Q5 

Q4 

Q3 

AO-A11" •••. Address Inputs 

S ..•• Program,mable 
Chip Selects 

OO-Q7 .... Data Output 

Vee .... + 5 V Power Supply 

Vss .... Ground 

@MOTOROLA INC., 1978 DS 9519 
(Replaces ADI-469) 

08951917-78 



MCM68A332 

BLOCK 
DIAGRAM 

AO 
AI 
A2 6 
A3 
A4 4 
A5 3 
A6 
A7 
AS 23 
A9 22 

Al0 
A11 

51· 20 
52- 21 

Address 

Oecode 

Active level defined by the user. 

9 00 
10 01 
11 02 
13 03 
14 04 
15 05 

16 06 
17 07 

Vee = Pin 24 

VSS= Pin 12 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted) 

RECOMMENDED DC OPERATING CONDITIONS 

Parameter 

Supply Voltage (Vee must be applied at least 100 JlS before proper deVice operatlolllS achieved J 

Input High Voltage 

Input Low Voltage 

DC CHARACTERISTICS 

Input Current 

(Vin"'Oto5.5Vl 

Output High Voltage 

IIOH = -205 "AI 

Output Low Voltage 

(IOL - 1.6 rnA) 

Characteristic 

Output Leakage Current (Three-State) 

IS = 0.8 V or S = 2.0 V, V out = 0.4 V 10 2.4 VI 

Supply Current 

IVCC = 5.5 V, TA = OOCI 

ABSOLUTE MAXIMUM RATINGS ISee NolO 1 I 

Rating Symbol 

Supply Voltage VCC 

Input Voltage Vin 

Operating Temperature Range TA 

Storage Temperature Range Tstg 

Value 

-0.310 +7.0 

-0.3 to +7.0 

o to +70 

-65 to + 150 

Symbol 

VCC 

V,H 

V,L 

Symbol 

lin 

VOH 

VOL 

'LO 

ICC 

Unit 

Vdc 

Vdc 

°c 
°c 

NOTE 1: Permanent deVice damage may occur If ABSOLUTE MAXIMUM RATINGS are 

exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages 
for extended periods of time could affect deVice reliability. 

CAPACITANCE 
(f '"' 1.0 MHz, T A = 25°C, periodically sampled rather than 100% tested) 

Characteristic Symbol Typ 

Input Capacitance Cin 5.0 

Output Capacitance Cout 

MS800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 

Min 

4.5 

2.0 

-0.3 

Min 

2.4 

Typ Max Unit 

5.0 5.5 Vdc 

- 5.5 Vdc 

- 0.8 Vdc 

Max Unit 

2.5 /J.Adc 

Vdc 

0.4 Vdc 

10 J..!Adc 

80 mAde 

This device contains circuitry to 
protect the inputs against damage 
due to high ~tatic voltages or elec
tric fields; however, it is advised 
that normal precautions be taken 
to avoid application of any vol
tage higher than maximum rated 
voltages to this high-impedance 
circuit. 

Address Data 
Bus Bus 
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MCM68A332 

FIGURE l-AC TEST LOAD 
5.0V 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise noted. 

All timing with tr = tf = 20 ns, Load of Figure 1) 
RL = 2.5 k 

MMD6150 
Test Potnt C)-~-.>---i'''4 .,. or equivalent 

Characteristic 

Cycle Time 

Symbol 

tcyc 

Min Max Unit 

350 - ns 

Access Time tace - 350 ns 

Chip Select to Output Delay ISO - 150 ns 

130pF' ;; 11.7 k 
~ MMo7000 
" or equivalent 

Data Hold from Address IOHA 10 - ns 

Data Hold from Deselect ion IH 10 150 ns 

• Includes jig capacitance 

TIMING DIAGRAM 

teye 

tace 

Address, A ~ a:gv' 

Chip Select, S ~ 2.0 V 
0.80 ~ 

'so 

Chip Select, S xxxxxxxxxx: O.B V 
0.4 V 
~ 

f-IH;:j 
l-'oHA 

Output. Q ¢g:a~ > 

Waveform Waveform Waveform 
Symbol Input Output Symbol Input Output Symbol Input Output 

MUST BE WILL BE ~ :~:~H~~~EE CHANGING: =>- HIGH -
VALID VALID STATE IMPEDANCE 

PERMITTED UNKNOWN 
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MCM6BA332 CUSTOM PROGRAMMING 

By the programming of a single photomask for the 

MCM68A332, the customer may specify the content of the 
memory and the method of enabling the outputs. 

I nformation on the general options of the MCM68A332 
should be submitted on an Organizational Data form such as that 
shown in Figure 3. (A "No-Connect" or "Don't Care" must always 
be the highest order Chip Select(s).) 

Information for custom memory content may be sent to 
Motorola in one of four forms (shown in order of preference): 

1. IBM Punch Cards: 
A. Hexadecimal Format 
B. I ntel Format 
C. Binary Negative·Postive Format 

2. EPROMs-two 16K (MCM2716 or TMS2716) or four 
BK (MCM270B) 

3. Paper tape output of the Motorola M6SCe software 
4. Hand punched paper tape 

PAPER TAPE 
Included in the software packages developed for the M6800 

Microcomputer Family is the ability to produce a paper tape 
output for computerized mask generation. The assembler direc
tives are used to control allocation of memory, to assign values for 
stored data, and for controlling the assembly process. The paper 
tape must specify the full 4096 bytes. 

IBM PUNCH CARDS, HEXADECIMAL FORMAT 
The hexadecimal equivalent (from Figure 2) may be placed on 

80 column IBM. punch cards as follows: 

Stap 

1 

2 

3 
4 
5 

Column 

12 

13 

14-75 
77-79 

Byte "0" Hexadecimal equivalent for outputs 
07 through 04 (07 • M.S.B.) 
Byte "0" Hexadecimal equivalent for outputs 
03 through 00 (03 • M.S.B.l 
Alternate steps 1 and 2 for consecutive bytes. 
Card number (starting 001). 
Total number of cards must equal 128. 

FIGURE 2 - BINARY TO HEXADECIMAL CONVERSION 

Hexadecimal 
Binary Data Character 

0 0 0 0 0 
0 0 0 , , 
0 0 , 0 2 
0 0 , , 3 
0 , 0 0 4 
0 , 0 , 5 

0 , , 0 6 
0 , , , 7 , 0 0 0 8 , 0 0 , 9 , 0 , 0 A , 0 , , 8 , , 0 0 C , , 0 , D , , , 0 E , , , , F 

PRE·PROGRAMMED MCM6BA332P2, MCM6BA332C2 

The -2 standard ROM pattern contains sine-lookup and arctan
lookup tables. 

Locations 0000 through 2001 contain the sine values. The 
sine's first quadrant is divided into 1000 parts with sine values 
corresponding to these angles stored in the ROM. Sin 1r12 is 
included and is rounded to 0.9999. 

The arctan values contain angles in radians corresponding to 
the arc tangents of 0 through 1 in steps of 0.001 and are contained 
in locations 2048 through 4049. 

Locations 2002 through 2047 and 4050 through 4095 are 
zero filled. 

All values are represented in absolute decimal format with four 
digit precision. They are stored in BCD format with the two most 
significant digits in the lower byte and the two least significant 
digits. in the upper byte. The decimal point is assumed to be to 
the left of the most significant digit. 

Example: Sin (1060 I) ·0.0016 decimal 

Address 
0002 
0003 

Contents 

0000 0000 
0001 0110 

FIGURE 3 - FORMAT FOR PROGRAMMING GENERAL OPTIONS 

ORGANIZATIONAL DATA 
MCM6BA332 MOS READ ONL Y MEMORY 

Customer: 

Company ____ ~ ____________________________ __ 

Quote 
Part No. _______________ _ 

Part No. 
Originator __________________________________ _ 

Specif. No. 
Phone No. __________________________ _ 

Chip Select Options: Active High Active Low 

Sl 0 0 
S2 0 0 
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® MOTOROLA 

64K-BIT READ ONLY MEMORY 

The MCM68364 is a mask-programmable byte-organized memory 
designed for use in bus-organized systems. It is fabricated with 
N-channel silicon-gate technology. For ease of use, the device operates 
from a single power supply, and is TTL compatible. The addresses are 
latched with the Chip Enable input - no external latches required. 

The memory is compatible with the M6800 Microcomputer Family, 
providing read only storage in byte increments. The Chip Enable input 
deselects the output and puts the chip in a power-down mode. 

• Single ± 10% 5-Volt Power Supply 

• Automatic Power Down 
• Low Power Dissipation 

150 mW active (typical) 
35 mW standby (typical) 

• High Outpu.t Drive Capability (2 TTL Loads) 

• Three-State Data Output for OR-Ties 

• TTL Compatible 
• Maximum Access Time 

200 ns - MCM68364-20 
250 ns - MCM68364-25 
300 ns - MCM68364-30 

• Pin Compatible with 8K - MCM68A308, 16K - MCM68A316E, 
and 32K - MCM68A332 Mask-Programmable ROMs 

• Pin Compatible with 24-pin 64K EPROM MCM68764 

A7 1. 
A62 
A5 3 
A4 4 
A3 5 
A2 6 
A1 7 
AO 8 
00 9 
01 10 
Q2 11 

64K 

PIN COMPATIBLE ROM FAMILY 
(INDUSTRY STANDARD PIN-OUTS) 

32K 

• 

MCM68A332 

16K 

• 24 VCC 
23 A8 
22 A9 • 
21 S 
20 S 
19 A10 
18 S 
17 07 
16 06 
15 05 
14 04 

~ ___ 1-'J3 03 

MCM68A316E 

8K 
24 VCC 
23 A8 
22 A9 
21 S 
20 S 
19 S 
18 S 
17 07 
16 06 
15 05 
14 04 
13 03 

'-M-C-M-68-A-30-"8 

AAB9·1 
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MCM68364 

MOS 

IN-CHANNEl. SILICON-GATE) 

8192 X 8-BIT 
READ ONLY MEMORY 

P SUFFIX 
PLASTIC PACKAGE 

CASE 709 

L SUFFIX 
CERAMIC PACKAGE 

CASE 716 

C SUFFIX FRIT-SEAL CERAMIC PACKAGE 
ALSO AVAILABLE - CASE 623 

PIN ASSIGNMENT 

A7 Vce 

AS AS 

A5 A9 

A4 A12 

A3 

A2 AlO 

Al All 

AD 07 

06 

01 05 

02 04 

VSS 03 

PIN NAMES 

AO-A12 .. · ...... Address 
E. · ... Chip Enable 
00-07 . · ... Data Output 

Vee ... + 5 V Power Supply 

VSS ...... Ground 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 

DS-9805Rl/5-S2 



MCM68364 

AO 
Al 
A2 6 
A3 5 

BLOCK A4 4 Address 

OIAGRAM A5 Decode 

A6 
A7 
AS 23 
A9 22 

Ala 19 
A11 18 
A12 21 

E 20 

ABSOLUTE MAXIMUM RATINGS (See nOlel 

Rating 
Supply Voltage 

Input Voltage 

Operating Temperature Range 

Storage Temperature Range 

Matrix 
\8192 X 8) 

9 DO 
10 01 
11 02 
13 03 
14 04 
15 05 
16 06 
17 07 

Vee'" Pin 24 

Vss '= Pin 12 

Symbol 

Vee 

Vin 

TA 

Tstg 

Value Unit 

-0.5 to +7.0 Vdc 

-0.5 to +7.0 Vdc 

o to +70 'e 

-65 to + 150 'e 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to 
RECOMMENDED OPERATING CONDITIONS. Exposure to higher than recommended voltages for extended periods of time could 
affect device reliability. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 

RECOMMENDED OPERATING CONDITIONS 
Parameter Symbol Min Nom Max Unit 

Supply Voltage Vec 4.5 5.0 5.5 V 
(Vee must be applied at least 100 Jis before proper device 
operation is achieved, E=VIH) 

Input High Voltage VIH 2.0 - Vee V 

Input Low Voltage VIL -0.3 - 0.8 V 

RECOMMENDED OPERATING CHARACTERISTICS 
Characteristic Symbol Min Typ Max Unit 

Input Current (Vin = 0 to 5.5 VI lin -10 - 10 iJA 

Output High Voltage (lOH - -220 iJAI VOH 2.4 - - V 

Output Low Voltage (IOL - 3.2 mAl VOL - - 0.4 V 

Output Leakage Current (Three-State) ILO -10 - 10 iJA 
(E" = 2.0 V. Vout = 0 V to 5.5 VI 

Supply Current - Active"" ICC - 25 40 mA 
(Minimum Cycle Rate) 

Supply Current - Standby ISB - 7 10 rnA 
(E = VIHI 

""Current is proportional to cycle rate. 

CAPACITANCE (f~ 1.0 MHz, T A~ 25'e, periodically sampled rather than 100% tested) 

Characteristic 

Input Capacitance 

Output Capacitance 
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MCM68364 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
Read Cycle 

RECOMMENDED AC OPERATING CONDITIONS 
ITA=Ot070·C VCC-50V ±10% Alltimingwitht -tf-lOn. loads of Figure 1) - r- -

Parameter Symbol 
MCM68364-lO MCM68364-25 

Min Max Min Max 

Chip Enable Low to Chip Enable Low of Next Cycle 
tELEL 300 - 375 -ICycle Timel 

Chip Enable Low to Chip Enable High tELEH 200 - 250 -
Chip Enable Low 10 Output Valid IAccessi tELQV - 200 250 

Chip Enable High to Output High Z 10ff Timel tEHQZ 10 60 - 60 

Chip Enable Low to Addres. Don't Care IHoidi tELAX 60 - 60 -
Address Valid to Chip Enable Low IAddress Setupl tAVEL 0 - 0 -
Chip Enable Precharge Time IEHEL 100 - 125 -

FIGURE 1 - AC TEST LOAD 

MCM68364-30 

Min Max 

450 -

300 -

300 

- 75 

75 -
0 -

150 -

WAVEFORMS 

Waveform Input Output 

5.0V 
Svmbol 

MUST BE WILL BE 

RL;1.2k VALID VALID 

MMD6150 ~ 
CHANGE WILL CHANGE 

Test Point FROM H TO L FHOM H TO l 
or Equiv 

-.!lZll1 CHANGE WILL CHANGE 

100 pF* 10.9 k FROM L TO H FROM L TO H 

MMD7000 
or EQuiv ~ 

DON'T CARE CHANGING 

~ ANY CHANGE STATE 
PERMITTED UNKNOWN 

'=" '::' 

*Includes Jig Capacitance ==r- HIGH 

IMPEDANCE 
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MCM68364 

PRODUCT DESCRIPTION 
This Motorola MOS Read Only Memory (ROM), the 

M CM68364, is a clocked or edge enabled device. It makes 
use of virtual ground ROM cells and clocked peripheral cir
cuitry, allowing a better speed-power product. 

The MCM68364 has a period during which the non-static 
periphery must undergo a precharge. Therefore, the cycle 
time is slightly longer than the access time. It is essential that 
the precharge requirements are met to ensure proper address 
latching and avoid invalid output data. Once the address 
hold time has been met, new address information can be 
supplied in preparation for the next cycle. 

CUSTOM PROGRAMMING 
By the programming of a single photomask for the 

MCM68364, the customer may specify !he contents of the 
memory. 

Information for custom memory content may be sent te.. 
Motorola in one of two forms (shown in order of preference): 

1. EPROMs one 64K (MCM687ti4), two 32K 
(MCM2532), four 16K (MCM2716 or TMS2716), or 
eight 8K (MCM2708). 

2. Magnetic Tape - 9 Track, 800 bpi, odd parity written 
in EBCDIC character code. Motorola's R.O.M.S. for
mat. 

M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 

Address Data 
Bus Bus 

MCM68364 
Read Only 
Memory 

Example: 

PRE-PROGRAMMED MCM68364P25-3 
The - 3 standard ROM pattern contains log (base 10) and 

antilog (base 10) lookup tables for the 64K ROM. 
Locations 0000 through 3599 contain log base 10 values. 

The arguments for the log table range from 1.00 through 
9.99 incrementing in steps of 1/100. Each log value is 
represented by an eight-digit decimal number with decimal 
point assumed to be to the left of the most significant digit. 

Antilog (base 10) are stored in locations 4096 through 
8095. The arguments range from .000 through .999 in
crementing in steps of 1/1000. Each antilog value is 
represented by an eight-digit decimal number with decimal 
point assumed to be to the right of the most significant digit. 

Locations 3600 through 4095 and 8096 through 8191 are 
zero filled. 

All values are represented in absolute decimal format with 
eight digit precision. They are stored in BCD format with the 
two most significant digits in the lower byte and the remain
ing six digits in the three consecutive locations. 

REAO ONLY MEMORY 
BLOCK OIAGRAM 

Memory 
Matrix 

(8192x81 

Memory Address 
and Control 

Data 

Data Bus 

10910 (1.011 ~ .00432137 decimal 

Address Contents 

4 0000 0000 
5 0100 0011 
6 0010 0001 
7 0011 0111 
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® MOTOROLA 

64K BIT READ ONLY MEMORY 

The MCM68365 is a mask-programmable byte-organized memory 
designed for use in bus-organized systems. It is fabricated with 
N-channel silicon~gate technology. For ease of use, the device operates 
from a single power supply, has compatibility with TTL, and needs no 
clocks or refreshing due to its static operation. 

The memory is compatible with the M6800 Microcomputer Family, 
providing read only storage in byte increments. The active level of the 
Chip Enable input and the memory content are defined by the user. The 
Chip Enable input deselects the output and puts the chip in a power
down mode. 

• Fully Static Operation 
• Automatic Power Down 
• Low Power Dissipation - 125 mW Active (Typical) 

25 mW Standby (Typical) 

• Single ± 10% 5-Volt Power Supply 

• High Output Drive Capability (2 TTL Loadsl 

• Three-State Data Output for OR-Ties 
• Mask Programmable Chip Enable 

• TTL Compatible 
• Maximum Access Time - 250 ns - MCM68365-25 

350 ns - MCM68365-35 

• Pin Compatible with 8K - MCM68308, 16K - MCM68316E, 
and 32K - MCM68332, 64K - MCM68364, MCM68368 Mask
Programmable ROMs 

., 7 

AD 
DOG 

MOTOROLA'S PIN·COMPATIBLE EPROM FAMILY 

32K 16K 

MOTOROLA'S PIN·COMPATIBLE ROM FAMILY 

64K 32K 

INDUSTRY STANDARD PINOUTS 
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MCM68365 

MOS 

IN-CHANNEL, SILICON-GATE) 

8192x8-BIT 
READ ONLY MEMORY 

,.~ 
.~ ~vuuuu, 

L SUFFIX 
CERAMIC PACKAGE 

CASE 716 

P SUFFIX 
PLASTIC PACKAGE 

CASE 709 

C SUFFIX FRIT·SEAL CERAMIC PACKAGE 
ALSO AVAILABLE - CASE 623 

PIN ASSIGNMENT 

A7 

A6 

A4 

11 

VSS 12 

PIN NAMES 
AO-A 12 ...... Address 

21 

18 

E ...... Chip Enable 
00-07 ...... Data Output 

Vee 
A8 

AS 

A12 

E 
Al0 

All 

Q7 

06 

05 

04 

03 

V CC ...... + 5 V Power Suppl 
VSS······Ground 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however. it is ad
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high im
pedance circuit. 

05-9862/5-82 
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BLOCK DIAGRAM 

AO 8 
AI 
A2 6 
A3 5 
A4 4 Address 

A5 3 Decode 

A6 
A7 
A8 23 
A9 22 

Ala 19 
All 18 
A12 21 

'E 20 ___ -O-___________ ...J 

• Active level defined by the user. 

ABSOLUTE MAXIMUM RATINGS (See Notel 

Rating 
Supply Voltage 
Input Voltage 

Operating Temperature Range 
Storage Temperature Range 

9 
10 
11 
13 
14 
15 
16 
17 

VCC= Pin 24 
Vss=Pin 12 

DO 
01 
02 
03 
04 
05 
06 
07 

Symbol 

VCC 
Vin 
TA 

Tstg 

Valua Unit 
1.0 to +7.0 V 

1.0to+7.0 V 
o to + 70 ·C 

-65 to + 150 ·C 

Note. Permanent deVice damage may occur If ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restncted to 
RECOMMENDED OPERATING CONDITIONS. Exposure to higher than recommended voltages for extended periods of time could af
fect device reliability 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted) 

RECOMMENDED OPERATING CONDITIONS 

Parametar Symbol 

Supply Voltage 
VCC (VCC must be applied at least 100 p's before proper device operation is achievedl 

Input High Voltage VIH 
Input low Voltage Vil 

RECOMMENDED OPERATING CHARACTERISTICS 

Characteristic Symbol 

Input Current (Vin-O to 5.5 VI lin 
Output High Voltage tlOH- 205p.AI VOH 
Output low Voltage tlOl - 3.2 mAl VOL 
Output leakage Current (Three-Statel n:~2.0 V, Vout=O.4 V to 2.4 VI ILO 
Supply Current - Active (VCC= 5.5 VI ICC 
Supply Current Standby (VCC-G.5 VI ISB 

CAPACITANCE (f= 1.0 MHz, TA=25·C, periodically sampled rather than 100% testedl 

Characterlltlc 

NOTES: 1. Measured al forcing VCC on one input pin at a time while all others are grounded, and 

Min 

4.5 

2.0 

0.5 

Min 

-10 

2.4 

-
-10 

-

bl maintaining 0.0 V on one pin at a time while all others are at VCC=4.5 V and 5.5 V. 

Nom Max 

5.0 5.5 

- 5.5 

- 0.8 

Typ Max 

- 10 

- -
- 0.4 

- 10 

20 60 

4 15 

2. Measured· al with AO-A12=VSS and forcing 0.4 V on one output at a time while all others are held at 2.4 V, and 

Unit Notes 

V -

V -

Unit Notes 

p.A 1 

V -
V -

p.A 2 

mA ,3 

mA 4 

bl with AO-A12= VSS and force 2.4 on one output at a time while all others are held at 0.4 V (VCC=4.5 V and 5.5 VI. 
3. Measured with the Chip Enable (E= Vill addresses cycling, and the outputs unloaded. 
4. Measured with the Chip Disabled (t= VIHI and the outputs unloaded. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
Read Cycle 

RECOMMENDED OPERATING CONDITIONS (See Notes 5,61 
(TA-Ot070·C VCC-50V ±10% Alltimingwithtr=tf=10ns load of Figure 11 - _. 

Parameter 

Address Valid to Address Don't Care 
(Cycle Time when Chip Enable is held Activel 

Chip Enable Low to Chip Enable High 

Address Valid to Output Valid (Accessl 

Chip Enable Low to Output Valid (Accessl 

Addiess Valid to Output Invalid 

Chip Enable Low to Output Invalid 

Chip Enable High to Output High·Z 

Chip Selection to Power Up Time 

Chip Deseiection to Power Down Time 

5. 'E' is represente~ by active low for illustrative purposes. 
6. AC Test Conditions 

All times are guaranteed with worst ca<e de levels. 
Inputs: VIH = 2.0 V or 5.5 V 

VIL =0.8 V or -0.5 V 
Measurement Levels: Input 1.5 V 

Output Low= 0.4 V 
High=2.4 V 

Symbol 

tAVAX 

tELEH 

tAVQV 

tELOV 

tAVQX 

tELOX 

tEHQZ 
tpu 

tpD 

MCM68365-25 

Min Max 

250 -

250 -
- 250 

250 

20 

10 -

10 80 

0 
- 100 

MCM6836!>-35 

Min Max Units 

350 - ns 

350 - ns 

- 350 ns 

350 ns 

20 ns 

10 - ns 

10 80 ns 

0 ns 

- 120 ns 

READ CYCLE TIMING 1 
(EHeld Low) 

A (Address) ------------------J----- VIH ~
~---------------~VAX--------------~'~ 

-------- tAVQ:~------~~~1 ----- VIL 

Q (Data Out) ----~--~~~~--~~~~A~----~~~~------VOH ______ ~P~re~v~io~u~s~D~aw~V~a~lid~ ____ ~~~~~------------~D~a~ta~V~a~lid~ _________ '-VOL 

READ CYCLE TIMING 2 

VIH 
A (Addressl )()()Q()GE\. __________________________ A_d_d_re_ss_V_a_li_d ________________________ VIL 

tELEH 

E (Chip Enable) 

tELQV - tEHOZ r--
~tELQx--+I 

HighZ Data Valid I ~ o fData Out! ~,_-_-..... -------------------_--_ Hi·Z ''' ____ .=:!_~"_t--_____ --I_. _tP_D t VCC 
Supply 
Current IS8 r 

FIGURE 1 - AC TEST LOAD 

5.0 V 

RL=1.2k 

Test Point 0-..... -1--+1 .... 1--+ MMD6150 
.. or Equiv. 

130 pF" 11.7 k 

-
"Includes Jig Capacitance 

6-54 

.. MMD7000 
or Equiv. 
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FIGURE 2 - ADDRESS ACCESS TIME 
VERSUS TEMPERATURE 

22 
21 

g 20 
:g 19 
>= 18 

~17 

0 
0 
0 
0 
0 
0 .....-~ 160 

ffi 15 
is 

t- 4.5V.2 
0t..---

!iii 140 
E; 130 
~ 120 

110 

10~40· 

5.5 V ~ 
./ '/ 

./ ./ 5.0 V 

..-/ ./ ./ 
./ ./ ./ 

:,.....---
~ 

D· 25· 10· 100· 125· 
TA. AMBIENT TEMPERATURE {·CI 

1" 
6 "-
5 
4 
3 

2 
1 
0 

1 
6 
5 1 -40. 

FIGURE 3 - ICC SUPPLY CURRENT 
VERSUS TEMPERATURE 

T 
VCC-5.0 V -
ICC varies .5% from _ 

" Ihi' curve wilh 4.5 10 5.5 _ 

"- voll VCC. 
...... 

........... 
.......... 

............ 
~ -

0° 25° 70° 100 0 125° 
TA. AMBIENT TEMPERATURE (·CI 

FIGURE 4 - ICCSB 'STANDBY CURRENT 
VERSUS TEMPERATURE 

ICCSB v, TEMP 

5 

VCC-5.~ V .I 
0" ICCSB varies .3% from -

~ Ihi' curve wilh 4.5 10 5.5 
voll'VCC· 

5 
"-...... 

i'--.. 
0 

............... 
r----..... 5 - I--

0 
D· 25· 70· 100· 125· 

TA. AMBIENT TEMPERATURE I·C) 

PRE-PROGRAMMED MCM68365P35-3/C35-3. 
MCM68365P25-3/C25-3 

The - 3 standard ROM pattern contains log (base 10) and 
antilog (base 10) lookup tables for the 64K ROM. 

Locations 0000 through 3599 contain log base 10 values. 
The arguments for the log table range from 1.00 through 
9.99 incrementing in steps of 11100. Each log value is 
represented by an eight-digit decimal number with decimal 
point assumed to be to the left of the most-significant digit. 

Antilog (base 10l are stored in locations 4096 through 
8095. The arguments range from .000 through .999 in
crementing in steps of 1/1000. Each antilog value is 
represented- by an eight-digit decimal number with decimal 
point assumed to be to the right of the most-significant digit. 

6-55 

Locations 3600 through 4095 and 8096 through 8191 are 
zero filled. 

All values are represented in absolute decimal format with 
eight digit precision. They are stored in BCD format with the 
two most significant digits in the lower byte and the remain
ing six digits in the three consecutive locations. 

Example: 1091O(1.01) = 0.00432137 decimal 

Address 
4 
5 
6 
7 

Contents 
0000 0000 
0100 0011 
0010 0001 
0011 0111 
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MCM68365 

CUSTOM PROGRAMMING 

By the programming of a single photomask for the 
MCM68365, the customer may specify the content of the 
memory and the method of enabling the outputs. 

Information on the general options of the MCM68365 
should be submitted on 'an Organizational Data form such as 
that shown in Figure 2. 

Information for custom memory content may be sent to 
Motorola in one of two forms (shown in order of preference): 

1. EPROMs - One 64K (MCM68764, MCM68766), two 
32K (MCM2532), four. 16K (MCM2716 or TMS2716), or 
eight 8K (MCM27081. 

2. Magnetic Tape 
9 track, 800 bpi, odd parity written in EBCDIC charac-
ter code. Motorola R.O.M.S. format. . 

FIGURE2 - FORMAT FOR PROGRAMMING GENERAL OPTIONS 

ORGANIZATIONAL DATA 
MCM68366 MOS READ ONLY MEMORY 

Customer: 

Company ________________ _ 

Part No. _______________ ~_ 

OriginatDr ________________ _ 

Phone No. ___ _ 

Enable Options: 

Active High Active Low 

Chip 'Enable D D 

6-56 

Motorola Use Only: 

Ouote: _________ _ 

Part No:. _________ _ 

Specif. No: 



® MOTOROLA 

64K BIT READ ONLY MEMORY 

The MCM68366 is a mask-programmable byte-organized memory 
designed for use in bus-organized systems. It is fabricated with 
N-channel silicon-gate technology. For ease of use, the device operates 
from a single power supply, has compatibility with TTL and needs no 
clocks or refreshing due to its static operation. 

The memory is compatible with the M6800 Microcomputer Family, 
providing read only storage in byte increments. The active level of the 
Output Enable input and the memory content is defined by the user. 
The Output Enable input deselects the output. 

G Fully Static Operation 

CI Fast Data Valid Time for High Speed Microprocessors 

o Low Power Dissipation - 125 mW Active !Typical! 

o Single ± 10% 5-Volt Power Supply 

o High Output Drive Capability 12 TTL Loadsl 

o Three-State Data Output for OR-Ties 

19 Mask Programmable Output Enable 

o TTL Compatible 

iii Maximum Access Time - 120 ns from Output Enable 
250 ns from Address - MCM68366-25 
350 ns from Address - MCM68366-35 

o Pin Compatible with 8K, 16K, and 32K - Mask-Programmable ROMs 

o Pin Compatible with MCM68766 64K EPROM 

'7 

A' 
A' 
Al 

Yss 

A7 
A, 

Al 

AD 

DOl 

DO' 

MOTOROLA'S PIN·COMPATIBLE EPROM FAMILY 
32K 

MOTOROLA'S PIN·COMPATIBLE ROM FAMILY 
64K 32K 16K 

Yss,"====, 

INDUSTRY STANDARD PINOUTS 
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MCM68366 

IN·CHANNEL, SILICON·GATEI 

8192x8-BIT 
READ ONLY MEMORY 

L SUFFIX 
CERAMIC PACKAGE 

CASE 716 

P SUFFIX 
PLASTIC PACKAGE 

CASE 709 

C SUFFIX FRIT·SEAL CERAMIC PACKAGE 
ALSO AVAILABLE - CASE 623 

PIN ASSIGNMENT 

A7[~PVCC 
A6[ 2 23 JA8 

A5[ 3 22 J A9 

A4[ 4 21 JA12 

A3[ 5 20 ]G 

A2[ 6 19 ]AlO 

Al 7 18 JA1l 

AO 8 17 ]07 

00 9 16 J06 

Ol! 10 15 ]05 

02 11 14 J04 

VSS 12 13 ]03 

PIN NAMES 

AO-A12 ..... Address 
G ... .. Output Enable 

00-07 ..... Data Output 

VCC··· .. + 5 V Power Supply 
VSS ... .. Ground 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad-
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high im-
pedance circuit. 

DS-9860/5-82 
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BLOCK DIAGRAM 

AO S 
Al 
A2 6 
A3 
A4 4 Address 

A5 3- Decode 

A6 
A7 I 
AS 23 
A9 22 

Al0 19 
All IS 
A12 21 

ocr 20 

° Active level Defined by the User 

ABSOLUTE MAXIMUM RATINGS (See Note 11 

Rating 

Supply Voltage 

Input Voltage 

Operating Temperature Range 

Storage Temperature Range 

00 
01 

11 02 
13 D3 
14 04 

05 
06 
07 

Vcc=Pin 24 
Vss=Pin 12 

Symbol Value 

VCC -1.0to +7.0 

Vin -1.0to +7.0 

TA o to + 70 

Tstg -65 to +150 

Unit 

V 

V 

°c 

°c 
NOTE 1. Permanent deVice damage may occur If ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restncted to 

RECOMMENDED OPERATING CONDITIONS. Exposure to higher than recommended voltages for extended periods of time could af
fect device reliability. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol 

Supply Voltage 
VCC (VCC must be applied at least 100 ~s before proper device operation is achievedl 

Input High Voltage VIH 
Input low Voltage Vil 

RECOMMENDED OPERATING CHARACTERISTICS 

Characteristic Symbol 

Input Current (Vin=O to 5.5 VI lin 
Output High Voltage tlOH = - 205 ~AI VOH 
Output low VOltage tlOl = 3.2 mAl VOL 
Output leakage Current IThree-Statel !G = 2.0 V, Vout = 0.4 V to 2.4 VI ILO 
Supply Current (VCC-5.5 VI ICC 

CAPACITANCE (f= 1.0 MHz, TA = 25°C, periodically sampled rather than 100% tested I 

Characteristic 

Input Capacitance 

Output Capacitance 

Min Nom 

4.5 5.0 

2.0 -

-0.5 -

Min Typ 

-10 -

2.4 -

- -
-10 -

- 20 

NOTES: 1. Measured al forcing Vee on one input pin at a time, while all others are grounded (VSSI, and 
bl maintaining 0.0 V IVSSI on one pin at a time, while all others are at Vee=4.5 V and 5.5 V. 

Max 

5.5 

5.5 

0.8 

Max 

10 

-

0.4 

10 

60 

2. Measured al with AO-A12= VSS and forcing 0.4 V on one output at a time while all others are held at 2.4 V, and 

Unit Notes 

V -

V -

Unit Notes 

~A 1 

V -

V -
~A 2 

mA 3 

bl with AO-A12= VSS and 'forcing 2.4 Von one output at a time while all others are held at 0.4 V 1Vee=4.5 V and 5.5 VI. 
3. Measured with the Output Enabled (G=Vlll, addresses cycling and the ou:puts unloaded. 
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AC OPERATING CONOITIONS AND CHARACTERISTICS 
Read Cycle 

RECOMMENDED OPERATING CONDITIONS ISee Notes 4,51 
ITA - 0 to 70°C VCC - 50 V ± 10% All timing with t - tf- 10 ns load of Figure 11 - - r- -

Parameter 

Address Valid to Address Don't Care 
(Cycle Time when Output Enable is Held Active) 

Address Valid to Output Valid IAccessl 

Output Enable Low to Output Valid IAccessl 

Address Valid to Output Invalid 

Output Enable Low to Output Invalid 

Output Enable High to Output High Z 

Address Valid to Output Enable Low I Note 61 
-4. G represented as active low tor illustrative purposes. 

5. AC Test Conditions 
All times are guaranteed with worst case de levels. 
Inputs: VIH~2_0 V or 5_5 V 

VIL~0_8 Vor --0.5 V 
Measurement Levels: Input 1.5 V 

Output Low ~ 0.4 V 
High~ 2.4 V 

Symbol 

tAVAX 

tAVOV 

tGLOV 

tAVOX 

tGLOX 

tGHOZ 

tAVGL 

MCM6B366-25 

Min Max 

250 --

- 250 

- 120 

10 -

10 -

0 80 

130 -

6. A faster minimum time is allowed, but the timing must then be referenced to tAVOV and tAVOX. 

MCM6B366-35 

Min Max Unit 

350 - ns 

- 350 ns 

- 120 ns 

10 - ns 

10 ns 

0 80 ns 

230 ns 

READ CYCLE TIMING 1 
(G Held Low) 

A IAddressl 

Et---_ -_tA_vAX-_-_~l_V,H 
------ ~"":~-----:~~I ----- VIL 

o IData Outl 

READ CYCLE TIMING 2 

A (Addressl 

G 10utput Ena 

Q (Data Out) 

------------~~~~~------=_~~-------VOH 
______ ~Pr~e~vl~o~u~s=D=a~ta~V~a=ll=d ______ ~~~~,~~------------~D~a=ta=V=a=I~ld _____________ -VOL 

~ ~tAVGL 

XXXXX'I.. Address Valid 

blel It-

tGLOV 
i+-tGLOX-----.\ 

--------HighZ ~ 
FIGURE 1 - AC TEST LOAD 

Test POint 

130 pF" 11.7 k 

-Includes Jig Capacitance 
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I 5.0 V 

RL ~ 12 k 

MMD6150 
.. or Equlv 

MMD7000 
or Equiv 

-
Data VCllld 

tGHOZr-

VIH 

VIL 

)--HighZ 
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FIGURE 2 - ADDRESS ACCESS TIME 
VERSUS TEMPERATURE 

22 0 
0 
0 
0 

0 
0 

---0 

21 

g 20 
:g 19 

~ 18 
t3 17 
~ 16 
:;; 15 

~ 14 

~ 13 
:'!' 12 

4.5V2 0 __ 

0 
0 
0 

11 0 
0 10 
-40 " 

5.5 V V/l 
/ / 

/'" / 5.0 V 

/"'" / ./ ,...... // 
:,......-

~ 

25 " 
TA, AMBIENT TEMPERATURE I"CI 

27 

'"' .s 26 
>- 25 

! 24 
23 

""-
""'-

""'-
~ 

~ 22 
~ 

=> 21 '" 
'" 20 z 

! 19 
18 

~ 17 
16 

FIGURE 3 - ICC SUPPLY CURRENT 
VERSUS TEMPERATURE 

VCC-5.0 V -
ICC varies ± 5% from . _ 
this curve with 4.5 to 5.5 _ 

""- volt VCC. 

"" 
"'" -......... 

........... 
r--- -

100" 125 " 
TA, AMBIENT TEMPERATURE I"CI 

FIGURE 4 - OUTPUT ENABLE ACCESS 
VERSUS TEMPERATURE 

-;;; 125 
.5 

'" 

tGlQV VS Temp 

~ ~ ::::::;:-5 V 

51---::: 
t::==-

~ 100 

"" 

I==--I---!-----

5 

TA, AMBIENT TEMPERATURE I"CI 

PRE-PROGRAMMED MCM68366P35-3/C35-3, 
MCM68366P25-31 C25-3 
The - 3 standard ROM pattern contains log Ibase 10) and 

antilog Ibase 10) lookup tables for the 64K ROM. 
Locations CXJOO through 3599 contain log base 10 values. 

The arguments for the log table range from 1.00 through 
9.99 incrementing in steps of 1/100. Each log value is 
represented by an eight-digit decimal number with decimal 
point assumed to be to the left of the most-significant digit. 

Antilog Ibase 101 are stored in locations 4096 through 
8095. The arguments range from 0.000 through 0.999 in
crementing in steps of 111000. Each antilog value is 
represented by an eight-digit decimal number with decimal 
point assumed to be to the right of the most-significant digit. 
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Locations 3600 through 4095 and 8096 through 8191 are 
zero filled. 

All values are represented in absolute decimal format with 
eight digit precision. They are stored in BCD format with the 
two most significant digits in the lower byte and the remain
ing six digits in the three consecutive locations. 

Example: 1091O 11.011= .00432137 decimal 

Address 

4 
5 
6 
7 

Contents 

CXJOO CXJOO 
0100 0011 
0010 0001 
0011 0111 
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CUSTOM PROGRAMMING 

By the programming of a single photomask for the 
MCM68368, the customer may specify the content of the 
memory and the method of enabling the outputs. 

Information for custom memory content may be sent to 
Motorola in one of two forms (shown in order of preference): 

1. EPROMs - one 64K IMCM68764, MCM68766), two 
32K (MCM2532), four 16K (MCM2716, or TMS2716), 
or eight BK (MCM2708). 

Information on the general options of the MCM68366 
should be submitted on an Organizational Data form such as 
that shown in Figure 3. 

2. Magnetic Tape 
9 track, 800 bpi, odd parity written in EBCDIC charac
ter Code. Motorola's R.O.M.S. format. 

Customer: 

FIGURE 3 - FORMAT FOR PROGRAMMING GENERAL OPTIONS 

ORGANIZATIONAL DATA 
MCM68366 MOS READ ONLY MEMORY 

Company __________________________________ _ 
Motorola Use Only: 

Part No. ________________________________ _ 

Originator 

Enable Options: 

Phone No. _____ . _________________ _ 

Active High Active Low 

Output Enable 0 D 
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Ouote: __________________ _ 

Part No: ________________ _ 

Specif. No: 
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Product Preview 

256K BIT READ ONLY MEMORY 

The MCM63256 is a MOS mask programmable byte-organized Read 
Only Memory (ROMI. The MCM63256 is organized as 32,768 bytes of 8 
bits and is fabricated using Motorola's high performance N-channel 
silicon gate technology (HMOSI. This device is designed to provide 
maximum circuit density and reliability with highest possible perfor
mance while maintaining low power dissipation and wide operating 
margins and remaining fully compatible with TTL inputs and outputs. 

The active level of the Chip Enab!e and the Output Enable, along 'with 
the memory contents, are defined by the user. The Chip Enable input 
deselects the output and puts the chip in a power-down mode. 

• Single ± 10% + 5 Volt Power Supply 
• Fully Static Periphery - No Clocking Required on Chip Enable 

• Automatic Power Down 

• Power Dissipation 
100 mA Active (Maximuml (Unloadedl 
15 mA Standby (Maximuml 

• Current Surge Suppression When Powering Up Device 
• Program Layer Late in Process for Quick Turnaround Time 

• 150 ns Maximum Access from Address and Chip Enable 

• 28-Pin J EDEC Standard Package and Pinout 

ADDITIONAL FEATURE 

• Address (A 141 is User Selectable for Either Pin 27 or Pin 1 

BLOCK DIAGRAM 

AO 10 
Al 9 
A2 8 
A3 7 Address 

A4 6 Decode 

A5 5 
A6 4 
A7 3 
AS 25 
A9 24 
Al021 
All 23 
A122 
A1326 

A1427 

E ~------~---\--~ 

11 
12 
13 
15 
16 
17 
18 
19 

GO 
01 
02 
03 
04 
05 
06 
0/ 

"(j 22 ~---------' Vcc=Pin 28 
vss = Pin 14 

• Active level defined by the l.lSer. 

This document contains information on a product under development. Motorola reserves the 
right to change or discontinue this product without notice. 

MCM63256 

HMOS 
IN-CHANNEL, SILICON GATE) 

32,768 X 8 BIT 
READ ONLY MEMORY 

N/C 

A12 

A7 

A6 

A5 

A4 

A3 

A2 

Al 

AO 

00 

01 

02 

VSS 

AO-AI4 
E 
(j 
00-07 

VCC 
VSS 

PLASTIC PACKAGE 
CASE 710 

PIN ASSIGNMENT 

VCC 

A14 

A13 

A8 

A9 

All 

G 
Al0 

E 
07 

06 

05 

04 

03 

PIN NAMES 

Address 
Chip Enable 

OUlput Enable 
Data Output 

+ 5 V Power Supply 
Ground 

NP-350/5-82 



® MOTOROLA 

Product Preview 

256K BIT READ ONLY MEMORY 

The MCM65256 is a complementary MaS mask programmable byte
organized Read Only Memory (ROM), The MCM65256 is organized as 
32,768 bytes of 8 bits and is fabricated using Motorola's high perfor
mance silicon gate CMOS technology (HCMOS), This device is de
signed to provide maximum circuit density and reliability with highest 
possible performance while maintaining low power dissipation and wide 
operating margins. The MCM65256 offers low-power operation from a 
single + 5 Volt supply and is fully TTL compatible on all inputs and out
puts, 

The active level of the Chip Enable and the Output Enable, along. with 
the memory contents, are defined by the user. The Chip Enable input 
deselects the output and puts the chip in a power-down mode, 

(I Single ± 10% + 5 Volt Power Supply 

Ii Fully Static Periphery - No Clocking Required on Chip Enable 

(I 250 ns Maximum Access from Address and Chip Enable 

III Automatic Power Down 

'" Active Current 50 mA Maximum (Unloaded at a 250 ns Cycle 
Time) - Decreases with Increasing Cycle Time 

.., D,C, Active Current 10 mA Maximum 

(I Standby Current 50 /LA Maximum (Full Rail Inputs) 

o Standby Current 3,0 mA Maximum ITTL Inputs) 

• Mask Programmable Chip Enable and Output Enable 
(I Program Layer Late in Process for Quick Turnaround Time 

Q 28-Pin JEDEC Standard Package and Pinout 

Q Address (A 14) is User Selectable for Either Pin 27 or Pin 1 

AD 10 
Al 9 
A2 8 
A3 7 
A4 6 
A5 5 -
A6 4 
A7 3 
A8 25 
A9 24 
AID 21 
All 23 
A12 2 
AI326 
A14 27 

Address 
Decode 

E 20------.---~ 

BLOCK DIAGRAM 

II 
12 
13 
15 
16 
17 
18 
19 

00 
01 
02 
03 
04 
05 
06 
07 

"G 22----------~, _~ VCC~Pin 28 
VSS ~ Pin 14 

• Active level defined by !he IJser. 

ThiS document contains information on a product under development. Motorola reserves the 
right to change or discontinue thiS product without notice. 
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MCM65256 

IHlCMOS 
(COMPLEMENTARY MaS) 

32,768 X 8 BIT 
READ ONLY MEMORY 

P SUFFIX 

CASE 710 

PIN ASSIGNMENT 

N/C VCC 

A12 A14 

A7 A13 

A6 A8 

A5 A9 

A4 All 

A3 G 

A2 AlO 

Al 

AD 07 

00 06 

01 05 

02 04 

VSS 03 

PIN NAMES 

AO-A14 Address 

E . Chip Enable 
G. . Output Enable 
00-07 . Data Output 

VCC + 5 V Power Supply 
VSS Ground 

NP-351 R 1 /5-82 
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® MOTOROLA 

A3 

Advance :n:nforIDation 

1024-BIT RANDOM ACCESS MEMORY 
The MCM934121422 is a 1024-bit Read/Write RAM, organized 

256 words by 4 bits, 
The MCM93412/422 is designed for high performance main 

memory and control storage applications and has a typical address 
time of 30 ns. 

The MCM934121422 has full decoding on-chip, separate data 
input and data output lines, an active low-output enable, write 
enable, and two chip selects, one active high, one active low. The 
device is fully compatible with standard DTL and TTL logic families. 
A three-state output is provided on the MCM93422 to drive bus
organized systems and/or highly capacitive loads. An uncommitted 
collector output is provided on the MCM93412 for ease of memory 
expansion . 

.. Three-State Output or Uncommitted Collector Output 

• TTL Inputs and Output 

• Non-Inverting Data Output 

• Full 16 mA Outputs Drive 30 pF Loads 

• High Speed -
Access Time - 30 ns Typical 
Chip Select - 15 ns Typical 

• Power Dissipation - 0.5 mW/Bit Typical 

III Standard 22-Pin Package 

• Power Dissipation Decreases with Increasing Temperature 

.. Organized 256 Words x 4 Bits 

• Two Chip Select Lines for Memory Expansion 

01 
D2 
D3 

D4 

Word 
Drivers 

1-01-32 
Decoder 

A4 A5 A6 A7 

32 x 32 
Array 

1-01-8 
Decoder 

AO Al A2 

BLOCK DIAGRAM 
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MCM93412 
MCM93422 

TTL 
256 x 4-BIT 

RANDOM ACCESS MEMORY 

MCM93412 - OPEN COLLECTOR 
MCM93422 - THREE-STATE 

F SUFFIX 
CERAMIC PACKAGE 
CASE 662 

D SUFFIX 
CERAMIC PACKAGE 
CASE 738 

Plastic package to be announced. 

PIN ASSIGNMENT 

1 22 

2 21 

3 20 

4 19 

5 18 

6 17 

7 16 

8 15 

9 14 
10 13 

11 12 

Pin Description 

CS Chip Select 
AO-A7 Address Inputs 
OE Output Enable 
WE Write Enable 
Dn Data Input 
On Data Output 



MCM93412 • MCM93422 

FUNCTIONAL DESCRIPTION 

The MCM9341 2 and the MCM93422 are fully decoded 
1024-bit Random Access Memories organized 266 words by 
4 bits. Word selection is achieved by means of an a-bit address, 
AO-A7. 

The Chip Select (CS 1 and CS2~ inputs provide for memory array 
exponsion. For large memories, the fast chip select time permits 
the decoding of chip select from the address without increasing 
address access time. 

The read and write operations are controlled by the state 01 the 
active low Write Enable (WE, Pin 20~. With WE andes; held low 
and the CS2 held high, the data at On is written into the addressed 
location. To read, WE and CS2 are held in high and m is held 
low. Data in the specified location is presented at On and is 
non·inverted. 

The three-state output of the MCM93422 provides drive capa
bility for higher speeds with capacitive loed systems. The third 
state (high impedance~ allows bus-orgenized systems where 
mUltiple outputs are connected to a common bus. 

During writing, the output is held in the high-impedance state. 
Uncommitted collector outputs 01 the MCM934 12 are provided 

to allow wired·OR applications. In any application an external 
pull-up resistor 01 RL value must be used to provide a high at the 
output when it is off. Any RL value within the range specified 
below may be used. 

Vcc(Min~ .. RL" Vcc(Min~ - VOH 
IOL - FO(1.6~ n(ICEX~ +F0(0.04~ 

RL isin kll 
n = number of wired-OR outputs tied together 
FO = number of TTL Unit Loeds (UL~ driven 
ICEX = Memory Output Laakege Current 
VOH = Required Output High Level at Output Node 
10L = Output Low Current. 

The minimum RL value is limited by output current sinking 
ability. The minimum RL value is determined by the output and 
input leakage current which must be supplied to hold the output 
at VOH. One Unit Load = 40 ~A High/l.6 mA Low. 

ABSOLUTE MAXIMUM RATINGS (Note 1~ 
Storage Temperature 

Ceramic Package (D and F Sullix~ -55°C to +1 65°C 
Plastic Package (P Suffix~ -55°C to +1 25°C 

Operating Junction Temperature, TJ 
Ceramic Package (D and F Suffix~ <165°C 
Plastic Package (P Sullix~ <125°C 

VCC Pin Potential to Ground Pin -0.5 V to +7.0 V 
nput vo tage (oc) .5 V to +5.5 V 

Voltage Applied to Outputs (Output High~ -0.5 V to +5.5 V 
Output Current (dc~ (Output Low~ +20 mA 
Input Current (dc~ -12 mA to +5.0 mA 

NOTE1: DeVice damage may occur II ABSOLUTE MAXIMUM 
RATINGS are exceeded. 

GUARANTEED OPERATING RANGES (Note 2~ 

Part Number 
Supply Voltage (VCC~ 

Ambient Temperature (TA) 
Min I Nom I Max 

MCM934XXDC. PC 4.75 V I 5.0 V I 5.25 V aoe to +75°C 

MCM934XXFM, OM 4.50 V I 5.0 V I 5.50 V -55°C to +125°C 

DC OPERATING CONDITONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted) 

Limits 
Symbol Characteristic 

Min Max Unit. 
Conditions 

VOL Output Low Voltage 0.45 Vdc VCC = Min, IOL - 16 mA 

VIH Input High Voltage 2.1 Vde Guaranteed Input High Voltage for all Inputs 

VIL Input Low Voltage o.a Vdc Guaranteed Input Low Voltage for all Inputs 

IlL Input Low Current -400 /lAdc VCC - Max, Vin = 0.4 V 

IIH Input High Current 40 ~Adc VCC - Max, Vin = 4.5 V 

1.0 mAdc VCC = Max, Vin = 5.25 V 

lolf Output Current (High Z~ (MCM93422 only~ 50 I'Adc VCC - Max. Vout = 2.4 V 

-50 VCC = Max, Vout = 0.5 V 

lOS Output Current Short Circuit to Ground -100 mAde VCC - Max 
(MCM93422 only~ 

VOH Output High Voltage I MCM93422DC, PC 2.4 Vde 10H = -10.3 mA, "CC - 5.0 V ±5% 

I MCM93422FM, OM 2.4 Vdc 10H = -5.2 mA, VCC = 5.0 V ±1 0% 

VCD Input Diode Clamp Voltaga -1.5 Vde VCC = Max, lin = -10 mA 

ICC Power Supply Current 130 mAdc TA = Max I 
155 mAdc TA=Ooc I VCC = Max, 

170 mAde TA= Min I 
All Inputs Grounded 

ICEX Output Leakage Current (MCM934 1 2 only~ 100 ~Ade VCC = Max, Vout = 4.5 V 
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MCM93412 • MCM93422 

Load A 

Symbol 

READ MODE 

tACS 
tZRCS, [tRCS] 

tAOS 
tZROS, [tROS] 

tAA 
WRITE MODE 
tzws, [tWS] 

tWR 

tw 
tWSD 
tWHD 
tWSA 
tWHA 
twscS 
tWHCS 

Inputs 

DE C51 CS2 WE 

X H X X 

X X L X 

X L H L 

X L H L 

H X X X 

L L H H 

H = High Voltage Level 
L = Low Voltage Level 

TRUTH TABLE 

Dn 

X 

X 

L 

H 

X 

X 

Output 
Mode 

On 

High Z(H) Not Selected 

High Z(H) Not Selected 

High Z (H) Write "0" 

High Z (H) Write"'" 

High Z(H) Output Disabled 

On Read 

(H) Output of Open Collector 
Device is High. 

X = Don't Care (High or Low) 

AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature unless otherwise noted) 

AC TEST LOAD AND WAVEFORMS 

Loading Conditions Input Pulses 

All Input Pulses 

VCC 

300n 
-10% 

30 pF 30 pF 
~~~~-~-~--1-10% 
,.~ vp_~ l-\ ______ ~I ~ _ 90% 

(Capacitance 
Includes 

Scope and Jig) 

Characteristic (Notes 2. 4) 

DELAY TIMES 
Chip Select Time 
Chip Select to High Z 

Load B 

[Chip Select Disable Time] 

Output Enable Time 
Output Enable to High Z 

[Output Disable Time] 
Address Access Ti me 

DELAY TIMES 
Write Disable to High Z 

[Write Disable Time} 
Write Recovery Time 

fNPUT TIMING REQUIREMENTS 
Write Pulse Width (to guarantee write) 
Date Setup Time Prior to Write 
Data Hold Time After Write 
Address Setup Time (at tw = Min) 
Address Hold Time 
Chip Select Setup Time 
Chip Select Hold Time 

-r- I I I: 
- I I 
----1 t--10ns --I1--10ns 

MCM93412DC, PC MCM93412DM 
MCM93422DC, PC MCM93422DM, FM 

Min Max 
Units Conditions 

Min Max 

ns 
30 45 See Test Circuit 
30 45 and Waveforms 

30 45 I 
30 45 

45 60 
ns 

35 45 See Test Circuit 
and Waveforms 

40 50 
ns 

30 40 See Test Circuit 
5 5 and Waveforms 

5 5 
10 10 
5 10 
5 5 
5 5 

[] Open Collector parameters for MCM93412 only. 
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MCM93412 • MCM93422 

READ OPERATION TIMING DIAGRAM 

(All Time Measurements Referenced to 1.5 V) 

Propagation Delay from Chip Select Propagation Delay from Address Inputs 

3-State 

CS2 

CS1 

Open On 
Collector Data Output 

Load A 

CS 
Chip Select 

AO-A7 
Address 

On 
Data Input 

WE 
Write Enabl 

On 
Oata Outpu 

e 

t 

AO-A7 --V 
Address Inputs ~ _________ _ 

I 
I 

On 
Data Output ------~!--------~~ 

! 

tACS 

Propagation Delay from Output Enable 

3-State 

OE 
Output Enable -------,1 

On 
Data Output 
Load A 
On 
Data Output 
Load B 

Open On 
Collector Data Output 

Load A 

WRITE CYCLE TIMING 

\ 
1\ 

\I 
/\ 

\/ 

_tw_ 

\ V 
\ twso_ _ _ 

-tWSA--

~/ 
/\ 

\I 
/ 

-tWHO 

/ 

r--tWHA-" 
I---tWSCS- ~tWHCS------

Load A High Z - tWR 

Load B 

(All above measurements reference to 1.5 V.) 
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MCM93412 G) MCM93422 

WRITE ENABLE TO HIGH Z DELAY (MCM93422 only) 

5V 

On 
Data 
Output 

7500 

MCM93422 
Only 

Load C 

5 pF 

Propagation Delay from Chip Select to High Z 

CS2 
Chip Select -----J 

1\'5 V 
BIT ~======== 
Chip Select /1.5 V 

~ tZRCS 

~~ta Output __ -:-·':':'o-:-"-:-L_e_ve_I:---J]'----High Z 0.5 V 
__ .. ..;.1_ .. ..;.L::e"'v;:.el'--~_ 0.5 V 

'- ____ HighZ 
On 
Data Output 

WE 
Write Enable 

~ 
On tzws'" r ___ _ 
Data Output "0" Level 0.5 V High Z 

"1" Level 
On 
Data Output 

0.5 V High Z 
'-----

Propagation Delay from Output Enable to High Z 

OE 
Output Enable j15V 

~tZROS 
On ,----
Data Outpu_t_...,'..;.'o-:-"...,L:.;e_v.;.e,..1 _-'] 0.5 V High Z 

"1" Level 
On 
Data Output 

0.5 V 
'- ____ HighZ 

(All tzxxx parameters are measured at a delta of 0.5 V from the logic level and using Load C.) 

NOTE 2: DC and AC specifications limits guaranteed with 500 linear feet per minute blown air. Contact your Motorola sales representative 
if extended temperature or modified operating conditions are desired. 

NOTE 3: Output short circuit conditions must not exceed 1 second duration. 
NOTE 4: The maximum address access time is guaranteed to be the worst-case bit in the memory. 

Package 
BJA (Junction to Ambient) 

BJA (Junction to Case) 
Blown Still 

o Suffix 50'C/W 85'C/W 15'C/W 
F Suffix 55'C/W 90'C/W 15'C/W 

P Suffix 50'C/W 85'C/W 15'C/W 

PIN ASSIGNMENT 

At Vcc 24 

A2 AD 23 

A3 WE 22 

A4 CSt 2t 
A5 OE 20 
A6 CS2 t9 
A7 04 t8 
Gnd D4 t7 
Dt 03 t6 

10 01 D3 15 

It D2 02 14 

12 NC NC 13 
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® MOTOROLA 

1024-BIT RANDOM ACCESS MEMORY 

The MCM93415 is a 1024-bit Read/Write RAM organized 1024 
words by 1 bit. 

The MCM93415 is designed for buffer control storage and high 
performance main memory applications, and has a typical access 
time of 35 ns. 

The MCM93415 has full decoding on-chip, separate data 
input and data output lines, and an active low chip select. The 
device is fully compatible with standard DTL and TTL logic 
families and features an uncommitted collector output for ease 
of memory expansion. 

• Uncommitted Collector Output 

• TTL Inputs and Output 

• Non· Inverting Data Output 

• High Speed -
Access Time - 35 ns Typical 

Chip Select - 15 ns Typical 

• Power Dissipation Decreases with Increasing Temperature 

• Power Dissipation 0.5 mW/Bit Typical 
• Organized 1024 Words X 1 Bit 

Word 
Drivers 

1 of 32 
Decoder 

Sense Amp 
and 

Write Drivers 

32 X 32 
Array 

1 of 32 
Decoder 

BLOCK DIAGRAM 

13 

AO A 1 A2 A3 A4 A5 A6 A 7 AS A9 

}----<> °aut 

Vee'" Pin 16 
Gnd"" Pin 8 
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14 

15 

,. 

MCM'93415 

TTL 
1024 X 1 BIT 

RANDOM ACCESS MEMORY 

F SUFFIX 

CASE 650 

-

'1" 

1 

D SUFFIX 
CERAMIC PACKAGE 

CASE 620 

4 

6 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

PIN ASSIGNMENT 

Pin Designation 

Cs Chip Select 

AO-A9 Address Inputs 

WE Write Enable 

Din Data Input 

°out Data Output 

16 

15 

14 

13 

12 

" 
10 

9 



MCM93415 

FUNCTIONAL DESCRIPTION 

The MCM93415 is a fully decoded 1024·bit Random Access 
Memory organized 1024 words by one bit. Bit selection is 
achieved by means of a 1 O-bit address, AD to A9. 

The Chip Select input provides for memory array expansion. 
For large memories, the fast chip select access time permits the 
decoding of Chip Select (CS) from the address without affecting 
system performance. 

The read and write operations are controlled by the state of 
the active low Write Enable (WE, Pin 14l. With WE held low and 
the chip selected, the data at Din is written into the addressed 

location. To read, WE is held high and the chip selected. Data in 
the specified location is presented at Dout and is non-inverted. 

Uncommitted collector outputs are provided to allow wired
OR applications. In any application an external pull-up resistor of 

RL value must be used to provide a high at the output when it is 
off. Any R L value within the range specified below may be used. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Storage Temperatu re 
Ceramic Package (0 and F Suffix) - 550 C to +1650 C 

Plastic Package (P Suffix) -550 C to +1250 C 

Operating Junction Temperature, T J 

Ceramic Package (0 and F Suffix) < 165°C 
Plastic Package (P Suffix) < 1250 C 

VCC Pin Potential to Ground Pin -0.5 V to +7.0 V 

Input Voltage (dc) 0.5 V to +5.5 V 

Voltage Applied to Outputs (Output High) -0.5 V to +5.5 V 

Output Current (del (Output Low) +20 mA 

Input Current (dc) -12 mA to +5.0 mA 

VCC(Min) .;; RL';; VCC(Min)-VOH 

IOL - FO(l.G) n(lCEX) + FO(O.04) 

RLis in kn 
n 0::: number of wired-OR outputs tied together 
FO = number of TTL Unit Loads (ULl driven 

ICEX = Memory Output Leakage Current 
VOH = Required Output High Level at Output Node 

IOL = Output Low Current 

The minimum RL value is limited by output current sinking 
ability. The maximum R L value is determined by the output and 
input leakage current which must be supplied to hold the output 

at VOH. One Unit Load = 40 J.1A High/l.6 mA Low. 

Inputs 

-
es WE 

H X 

L L 

L L 

L H 

H = High Voltage Level 

L = Low Voltage Level 

TRUTH TABLE 

Din 

X 

L 

H 

X 

X = Don't Care (High or Low) 

Output 

Open 

Collector Mode 

H Not Selected 

H Write "0" 

H Write "1" 

Dout Read 

NOTE1: Device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 

GUARANTEED OPERATING RANGES (Note 21 

Supply Voltage (Vee) 

Part Number Min I Nom I Max Ambient Temperature (T A) 

MCM934150C. pe 4.75 V I 5.0 V I 5.25 V OOC to + 75°C 

MCM93415FM. OM 4.50 V I 5.0 V I 5.50 V -55°C to +1250 C 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted) 

Limits 

Symbol Characteristic Min Max Unit Conditions 

VOL Output Low Voltage 0.45 Vdc VCC = Min, IOL = 16 rnA 

VIH Input High Voltage 2.1 Vdc Guaranteed Input High Voltage for All Inputs 

VIL Input Low Voltage 0.8 Vdc Guaranteed Input Low Voltage for All Inputs 

IlL Input Low Current -400 J.1Adc Vce - Max, Vin - 0.4 V 

IIH Input High Current 40 J.1Adc Vce = Max, Vin = 4.5 V 

1.0 mAdc VCC = Max, Vin = 5.25 V 

ICEX Output Leakage Current 100 J.1Adc Vce = Max, V out = 4.5 V 

VCO Input Diode Clamp Voltage -1.5 Vdc Vee = Max, lin = -10 mA 

ICC Power Supply Current 130 mAdc TA = Max I 
155 mAdc TA = oOe I Vce = Max. 

All Inputs Grounded 
170 mAdc TA = Min I 
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MCM93415 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise noted) 

AC TEST LOAD AND WAVEFORM 

Svmbol 

Loading Condition 

Vcc 

300n 

MCM93415 600 n 30 pF 
Capacitance 
(Including 

-= Scope and Jig) 

Characteristic (Notes 2. 3) 
READ MODE DELAY TIMES 

tACS Chip Select Time 

tRCS Chip Select Recovery Time 

'AA Address Access Time 

WRITE MODE DELAY TIMES 

'WS Write Oisable Time 

'WR Write Recovery Time 

INPUT TIM ING REQUIREMENTS 

'W Write Pulse Width (to guarantee write) 

tWSD Data Setup Time Prior to Write 

tWHD Data Hold Time After Write 

tWSA Address Setup Time (at tw = Min) 

tWHA Address Hold Time 

twSCS Chip Select Setup Time 

tWHCS Chip Select Hold Time 

Input Pulses 

All Input Pulses 

$ft--'r-_-_ ---------t\' - - - 90% 
3.5 V pop I I I _' t" ________ L __ 10% 

: : : I 
Gnd '=" --. ,...10 ns -... 1--10 ns 

~---------_l -10% 
3.5 ~P~';', _______ _ j~_ -90% 

--.r: I I I 
Gnd"-i 1-,0n. --l1-,0n. 

MCM93415DC,PC MCM93415DM,FM 

Min Max Min Max Unit Conditions 
n. 

35 45 See Test Circuit 

35 50 and Waveforms 

45 60 

n. 

35 45 See Test Circu it 

40 50 and Waveforms 

n. 

30 40 See Test Circu it 

5 5 and Waveforms 

5 5 

10 15 

10 10 

5 5 

5 5 

READ OPERATION TIMING DIAGRAM 

Propagation Delay from Chip Select Propagation Delay from Address Inputs 

cs 
Chip Select 

AO-Ag-y 
Addre~,-________ _ 

I 
I ~~~Bt Output ----!---, 

\'---i--,r 
I 1 I I 

I V--
i "'--I I 

Dout 
Data Output 

'ACS~ I' 'I'RCS t--'AA---J 

(All Time Measurements Referenced to 1.5 V) 
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MCM93415 

WRITE CYCLE TIMING 

'\ r 
I I 

cs 
Chip Select 

~~::':, _n_p_u_ts ___ .J.: __ -J)K ~\..--..,it----
~~~a Input )K )K i i ____ -<I--__ -I--J I I I 

~l----tW--ik;! I I 
tWHD' I 

I I I '--tWHA--I I 
ItWSDi-----l ~tWHCS__i 

Dout I I--tWSA--I 1', I \' 
Data Output I"----twscs----t I __________ ....... I ..... --J I ''--_____ _ 

I I I I 

WE 

Write Enable 

I I I I 
tws-I-----l I-----f-tWR 

(All Time Measurements Referenced to 1.5 V) 

NOTE 2: DC and AC specifications limits guaranteed with 500 linear feet per minute blown air. Contact your Motorola Sales Representative 
if extended temperatu re or modified operating conditions are desired. 

()JA (Junction to Ambient) 

Package Blown Still fJ JC (Junction to Case) 

o Suffix SOoCIW 8SoCIW lSoCIW 

F Suffix SSoCIW 900 CIW lSoCIW 
P Suffix 6SoCIW 1000 CIW 2SoCIW 

NOTE 3: The AC limits are guaranteed to be the worst case bit in the memory. 
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® MOTOROLA 

1024-BIT RANDOM ACCESS MEMORY 

The MCM93425 is a 1024-bit Read/Write RAM, organized 1024 
words by 1 bit. 

The MCM93425 is designed for high performance main memory 

and control storage appl ications and has a typical address time of 
35 ns. 

The MCM93425 has full decoding on·chip, separate data input 

and data output lines, and an active low-chip select and write enable. 
The device is fully compatible with standard DTL and TTL logic 
families. A three-state output is provided to drive bus-organized 

systems and/or highly capacitive loads. 

• Three-State Output 

• TTL Inputs and Output 

• Non-Inverting Data Output 

• High Speed -

Access Time - 35 ns Typical 

Chip Select - 15 ns Typical 

• Power Dissipation - 0.5 mW/Bit Typical 

• Power Dissipation Decreases With Increasing Temperature 

Word 

Drivers 

1 of 32 
Decoder 

Sense Amp 
and 

Write Drivers 

32 X 32 
Array 

1 of 32 
Decoder 

BLOCK DIAGRAM 

13 

AD A 1 A2 A3 A4 AS A6 A 7 A8 A9 

14 

15 

Vee = Pin 16 
Gnd"" Pin 8 

WE 

cs 

Din 

NOTE; Logic driving sense amp/write drivers depicts 

negative-only write used on C4m. 
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MCM93425 

TTL 
1024 X 1 BIT 

RANDOM ACCESS MEMORY 

F SUFFIX 
CERAMIC PACKAGE 

CASE 650 

D SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

PIN ASSIGNMENT 

4 

6 

16 

15 

14 

13 

12 

11 

·10 

9 

Pin Description 

CS Chip Select 

AO-A9 Address Inputs 

WE Write Enable 

Din Data Input 

°out Data Output 



MCM93425 

FUNCTIONAL DESCRIPTION 

The MCM93425 is a fully decoded 1024-bit Random Access 
Memory organized 1024 words by one bit. Word selection is 

achieved by means of a 10-bit address, AD-A9. 
The Chip Select fe'S) input provides for memory array expan

sion. For large memories, the fast chip select time permits the 

decoding of chip select from the address without increasing 

address access time. 

The read and write operations are controlled by the state of 

the active low Write Enable (WE, Pin 14). With WE and Cs held 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Storage Temperature 

Ceramic Package (O and F Suffix) -5SoC to +'6SoC 
Plastic Package (P Suffix) -SSoC to +12SoC 

Operating Junction Temperature, T J 
Ceramic Package (0 and F Suffix) < 165°C 
Plastic Package (P Suffix) < 125°C 

V CC Pin Potential to Ground Pin -0.5 V to +7.0 V 

Input Voltage (dc) -0.5 V to +5.5 V 

Voltage Applied to Outputs (Output High; -0.5 V to +5.5 V 

Output Current (de) (Output Low) +20 mA 

I nput Current (dc) -12 mA to +5.0 mA 

low, the data at Djn is written into the addressed location. To 
read, WE is held high and Cs held low. Data in the specified 

location is presented at 00ut and is non-inverted. 
The three-state output provides drive capability for higher 

speeds with· capacitive load systems, The third state (high 

impedance) allows bus organized systems where multiple outputs 

are connected to a common bus. 
During writing, the output is held in the high-impedance state. 

TRUTH TABLE 

Inputs 

CS WE 

H X 

L L 

L L 

L H 

H 0:: High Voltage Level 

L = Low Voltage Level 

Din 

X 

L 

H 

X 

X = Don't Care (High or Low) 

Output 

Dout 

High Z 

High Z 

High Z 

°out 

Mode 

Not Selected 

Wrtte "0" 

Write "'" 
Read 

NOTE1: Device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 

Symbol 

VOL 

VIH 

VIL 

IlL 

IIH 

loft 

lOS 

VOH 

VCD 

ICC 

GUARANTEED OPERATING RANGES (Notes 2 and 3) 

Supply Voltage (VCC) 

Part Number Min 1 Nom .1 Max Ambient Temperature (T A) 

MCM93425DC, PC 4.75 V 1 5.0 V 1 5.25 V DoC to +750 C 

MCM93425FM, DM 4.50 V I 5.0 V I 5.50 V _550 e to +1250 e 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(FuJI operating voltage and temperature range unless otherwise noted) 

Limits 

Characteristic Min Max Units Conditions 

Output Low Voltage 0.45 Vdc VCC - Min, 10L - 16 mA 

Input High Voltage 2.1 Vdc Guaranteed Input High Voltage for all Inputs 

I nput Low Voltage 0.8 Vdc Guaranteed Input Low Voltage for all Inputs 

I nput Low Current -400 .uAdc Vec = Max, Vin ..: 0.4 V 

Input High Curren! 40 pAdc VCC - Max, Vin - 4.5 V 

1.0 mAde VCC - Max, V ln - 5.25 V 

Output Current (High Z) 50 .uAdc VCC - Max, Vout - 2.4 V 

-50 VCC - Max, V out - O.S V 

Output Current Short Circuit to Ground -100 mAdc Vcc-Max 

Output High Voltage I MCM93425DC, PC 2.4 Vdc 10H - -10.3 mA, V CC - 5.0 V ± 5% 

1 MCM93425FM, DM 2.4 Vdc 10H - -5.2 mA 

Input Diode Clamp Voltage -1.5 Vdc VCC - Max,lin - -10 mA 

Power Supply Current 130 mAde T A - Max I VCC = Max, 
155 mAde T A - OoC J All Inputs Grounded 
170 mAdc TA - Min I 
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MCM93425 

AC OPERATIIliG CONDITIONS AND CHARACTERISTICS 
(Full dperating voltage and temperature unless otherwise noted) 

AC TEST LOAD AND WAVEFORMS 

Loading Conditions Input Pulses 

All Input Pulses 

Vee ~--------- -1\--90% 
3.5 Vp .p I I 

• - i - - - - - - -1- ... -_1_0_% __ _ 

I 1 I I 
300 n 

=--t 1--10 ns ~ 1--10 ns 

30 pF 30 pF 

~---------1-10% 
'.0 : p.~ l-\ ______ _ I ~ - 90% 

-r I I I: 
- I I 
- ----I t"-- 10 ns --! r---10 ns 

Load A Load B 

MCM93425DC. PC MCM934250M. FM 

Symbol Characteristic (Notes 2, 4) Min Max Min Max Units Conditions 

READ MODE DELAY TIMES 

tACS Chip Select Time 35 45 See Test Circuit 

tZRCS Chip Select to High Z 35 50 and Waveforms 

tAA Address Access Time 45 60 

WRITE MODE DELAY TIMES 

tzws Write Disable to High Z 35 45 See Test Circuit 

tWR Write Recoverv Time 40 50 and Waveforms 

INPUT TIMING REQUIREMENTS ns 

tw Write Pulse Width (to guarantee write) 30 40 See Test Circuit 

tWSD Data Setup Time Prior to Write and Waveforms 

tWHD Data Hold Time After Write 

tWSA Address Setup Time (at tw =- Min) 10 15 

tWHA Address Hold Time 10 10 

tWSCS Ch ip Select Setup Time 

tWHCS Chip Select Hold Time 

READ OPERATION TIMING DIAGRAM 

Propagation Delay from Chip Select Propagation Delay from Address Inut 

cs 
Chip Select 

Dout 
Load A 

Dout 
Load B 

AD-A9 ~ 
Address Inputs ----":\'-________ _ 

I 
I 

D out 
Data Output ____ ~i ______ ~ 

I r-- tAA---1 

(All time measurements referenced to 1.5 V) 
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MCM93425 

cs 
Chip Select 

AD-A9 

Address 

Din 
Data Input 

WE 

Write Enable 

°out 
Data Output 

Load C 

WRITE CYCLE TIMING 

\ / 
1\ J 

\/ \j 

/1\ JI\ 

\I \I 
JI\ JI\ 

\~tW----:/ 

1\ / 
TWSD~ ~ __ I----tWHD 

!4-tWSA_ -tWHA..-I 
_twSCS __ 

r---tWHCS----- '--
Load A High Z --- tWR 

Load B 

(All above measurements reference to 1.5 V) 

WRITE ENABLE TO HIGH Z DELAY 

SV 
WE 

Write Enable 

~'5V ;-
Dout TZWS-----l~--_-
Data Output "0" Level _ 0.5 V High Z 

"1" Level 
D out 
Data Output 

Propagation Delay from Chip Select to High Z 

cs 
Chip Select 11.5 V 

~tZRCS 
D out ,-----
Data OutP._u_t_'..:'O_"_L:..e_v..:e'_--Jj 0.5 V High Z 

"1" Level 

D out 
Data Output 

0.5 V 
~ ____ HighZ 

(All tzxxx parameters are measured at a delta of 0.5 V from the logic level and using Load C) 

NOTE 2: DC and AC specifications limits guaranteed with 500 linear feet per minute blown air. Contact your Motorola Sales Representative 

if extended temperature or modified operating conditions are desired. 

eJA (Junction to Ambient) 

Package Blown Still e JC (Junction to Casel 

D Suffix SOoC/W 8SoC/W lSoC/W 

F Suffix SSoC/W 90oC/W lSoC/W 

P Suffix 6SoC/W 100o C/W 2SoC/W 

NOTE 3: Output short circuit conditions must not exceed 1 second duration. 

NOTE 4: The maximum address access time is guaranteed to be the worst case bit in the memory. 
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® MOTOROLA 

2048-BIT PROGRAMMABLE READ ONLY MEMORY 

The MCM7620/MCM7621 have common de electrical characteris
tics and identical programming requirements. They are fully decoded, 
high-speed, field·programmable ROMs and are available with open

collector or three·state outputs. All bits are manufactured storing 
a logical "1" (outputs high), and can be selectively programmed for 

logical "0" (outputs low). 
The field-programmable PROM can be custom programmed to 

any pattern using a simple programming procedure. Schottky bipolar 

circuitry provides fast access time, and features temperature and 
voltage compensation to minimize access time variations. 

All pinouts are compatible to industry-standard PROMs and 

ROMs. 
In addition to the conventional storage array, extra test rows and 

columns are included to assure high programmability, and guarantee 

parametric and ac performance. Fuses in these test rows and columns 
are blown prior to shipment . 

• Common de Electrical Characteristics and 
Programming Procedure 

o Simple, High·Speed Programming Procedure 
(0.1 Second per 1024 B its, Typical) 

o Expandable - Open·Coliector or Three-State Outputs 
and Chip Enable Inputs 

• Inputs and Outputs TTL·Compatible 

Low Input Current - 250l1A Logic "0",40 I1A Logic "1" 

Full Output Drive - 16 mA Sink, 2.0 mA Source 

o Fast Access Time - Guaranteed for Worst·Case 
N2 Sequencing, Over Commercial and Military 

Temperature and Voltage Ranges 

o Pin-Compatible with Industry-Standard PROMs and ROMs 

ABSOLUTE MAXIMUM RATINGS ISee Note) 
Rating Symbol Value 

Supply Voltage (operating) VCC +7.0 
Input Voltage Vi" +5.5 
Output Voltage (operating) VOH +7.0 
Supply Current ICC 650 
Input Current 'in -20 
Output Sink Current 10 100 
Operating Temperature Range TA 

MCM76xxDM -55 to +125 
MCM76xxDC o to +70 

Storage Temperature Range Tst9 -55 to +150 
Maximum Junction Temperature TJ +175 

Unit 

Vde 
Vde 
Vde 

mAde 
mAde 

mAde 

°c 

°c 
°c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS ,re 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages 

for extended periods of time could affect device reliability. (While programming. 

follow the programming specifications.) 
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MCM7621 
MCM7620 

MiTl 
2048-BIT PROGRAMMABLE 

READ ONLY MEMORIES 

MCM7620 - 512 X 4 - Open-Collector 
MCM7621 - 512 X 4 - Three-State 

4 

5 

6 

8 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

PIN ASSIGNMENT 

16 

15 

14 

13 

12 

11 

10 

9 



MCM7620 • MCM7621 

DC OPERATING CONDITIONS AND CHARACTERISTICS 

RECOMMENDED DC OPERATING CONDITIONS 
Parameter Symbol Min Nom 

Supply Voltage VCC 
MCM76xxDM 4.50 5.0 
MCM76xxDC 4.75 5.0 

Input High Voltage VIH 2.0 -

Input Low Voltage VIL - -

DC CHARACTERISTICS 
Qpen-Collector 

Output 

Symbol Parameter Test Conditions Min TVp Max 

IRA,IRE Address/Enable "I" VIH" VCC Max - - 40 

IFA,IFE I nput Current "0" Vil = 0.45 V - -0.1 -0.25 

VOH Output Voltage "I" 10H - -2.0 rnA, VCC - VCC Min N/A - -
VOL "0" 10l = +16 rnA, VCC = VCC Min - 0.35 0.45 

IOHE Output Disabled "I" VOH, VCC .. VCC Max - - 100 

10lE Current "0" Val - +0.3 V, Vce = VCC Max - - N/A 

10H Output Leakage "I" VOH, Vce - VCC Max - - 100 

VCl Input Clamp Voltage lin -10 rnA - - -1.5 

lOS Output Short Circuit Current VCC - VCC Max, V out - 0.0 V N/A - N/A 

One Output Only for 1 s Max 

ICC Power Supply Current VCC = VCC Max 
MCM7620/MCM7621 All Inputs Grounded - 60 100 

CAPACITANCE (f '" 1.0 MHz, T A = 25°C, periodic<llly sampled rather than 100% tested.) 

Characteristic 

I nput Capacitance 

Output Capacitance 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise noted) o to +70oC 

Characteristic Symbol Typ Max 

Address to Output Access Time tAA 45 70 

Chip Enable Access Time tEA 
MCM7620/7621 15 25 

TIMING DIAGRAM 

cs~ ~3.0V 
__ ~5_V_~~.~~_ - - - - -+ I t -t- - - 0.0 V 

tEA-I r--- --l r--tEA 
-----,1 I I 

"0" Output 1.5 V ~ Fv 

~ 3.0V 

Address ~~-..-------o.o V 

tAA~ ~r------
Output 1.5 V~ 

I~----

t r , tf < 5.0 ns 

8-4 

Max Unit 

Vdc 

5.50 

5.25 

- Vdc 

0.8 Vdc 

Three-State 
Output 

Min TVp Max Unit 

- - 40 IJAde 

- -0.1 -0.25 mAde 

2.4 3.4 - Vdc 
- 0.35 0.45 Vdc 

- - 100 }JAde 
- - -100 /JAde 

- - N/A }JAde 

- - 1.5 Vdc 

15 - 70 mAde 

- 60 100 mAde 

-55 to +1250 C 

TVp Max 

45 85 

15 30 

AC TEST LOAD 

Vee 

Unit 

ns 

ns 

Test Po;n, ~ Ox 

30PF'tJ 600 
-Includes Jig Capacitance 



MCM7620 • MCM7621 

PROGRAMMING 
The PROMs are manufactured with all bits/outputs 

Logical "1" (Output High). Any desired bit/output can 
be programmed to a Logical "0" (Output Low) by follow· 
ing the simple procedure shown below. One may build 

PROGRAMMING PROCEDURE 
1. Address the PROM with the binary address of the 

selected word to be programmed. Address inputs 
are TTL·compatible. An open circuit should not be 
used to address the PROM. 

2. Disable the chip by applying input highs (VIH) to 
the es input. The chip select is TTL·compatible. 
An open circuit should not be used to disable the 
chip. 

3. Disable the programming circuitry by applying an 
Output Voltage Disable of less than VOPD to the 
output of the PROM. The output may be left open 
to achieve the disable. 

4. Raise Vee to VpH with rise time equal to t r. 
5. After a delay equal to or greater than td' apply a 

pulse with amplitude of VOPE and duration of tp to 
the output selected for programming. Note that the 
PROM is supplied with fuses intact generating an 
output high. Programming a fuse will cause the 
output to go low in the verify mode. 

6. Other bits in the same word may be programmed 
while the Vee input is raised to VPH by applying 

his own programmer to satisfy the sepcifications described 
in Table 1, or buy any of the commercially available pro· 
grammers which meet these specifications. These PROMs 
can be programmed automatically or by the manual pro· 
cedure shown below. 

output enable pulses to each output which is to be 
programmed. The output enable pulses must be 
separated by a minimum interval of td' 

7. Lower Vee to 4.5 Volts following a delay of td 
from the last programming enable pulse applied to 
an output. 

8. Enable the PROM for verification by applying a 
logic "0" (V I U to the es input. 

9. If any bit does not verify as programmed, repeat 
Steps 2 through 8 until the bit has received a total 
of 1.0 ms of programming time. Bits which do not 
program within 1.0 ms may be considered pro· 
gramming rejects. Multiple pulses of durations 
shorter than 1.0 ms may be used to enhance pro· 
gramming speed. 

10. Repeat Steps 1 through 9 for all other bits to be 
programmed in the PROM. 

11. Programming rejects returned to the factory must 
be accompanied by data giving address with desired 
and actual output data of a location in which a 
programming failure has occurred. 

TABLE 1 
PROGRAMMING SPECIFICATIONS 

Symbol Parameter 

VIH Address Input 

VIL. Voltage(1) 

VPH Programming/Verify 

VPL Voltage to V CC 

ICCp Programming Voltage Current Limit 

Programming (Vec) 
tr Voltage Rise and 
tf Fall Time 

td Programming Delay 

tp Programming Pul.e Width 

DC Programming Duty Cycle 

Output Voltage 

VOPE Enable 

VOPD Disoble(2) 

lOPE Output Voltage Enabla Currant 

TC Case Temperature 

(1) Addre •• and chip .alect should not be Ie" opan for VIH. 
(2) Disable condition will be met with output opan circuit. 

Min 

2.4 

0.0 

11.75 
4.5 

600 

1 
1 

10 

100 

-

10.0 
4.5 

2 

-

8-5 

Typ Max Unit 

5.0 5.0 V 

0.4 0.8 V 

12.0 12.25 V 
4.5 5.5 V 

600 650 mA 

1 • 10 I" 
1 10 /.I' 

10 100 /.I' 

1000 /.I' 

50 90 % 

10.5 '1.0 V 

5.0 5.5 V 

4 10 mA 

25 75 °c 



MCM7620 • MCM7621 

FIGURE 1 - TYPICAL PROGRAMMING WAVEFORMS 

cs----~ 

VpH----

Vee 

Oata-1 ----------' 

Data·2 __________ ---J 

Data-N ------------------1 
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® MOTOROL.A 

4096-BIT PROGRAMMABLE READ ONLY MEMORY 

The MCM7640 through 43 PROMs comprise a completely com

patible family having common dc electrical characteristics and 
identical programming requirements_ They are fully-decoded, high

speed, field-programmable ROMs and are available in commonly 

used organizations, with both open-collector and three-state outputs. 
All bits are manufactured storing a logical "1" (outputs high), and 

can be selectively programmed for logical "0" (outputs low). 

The field-programmable PROM can be custom programmed to 

any pattern using a simple programming procedure. Schottky bipolar 

circuitry provides fast access time, and features temperature and 

voltage compensation to minimize access time variations. 

All pinouts are compatible to industry-standard PROMs and 

ROMs. 

In addition to the conventional storage array, extra test rows and 
columns are included to assure high programmability, and guarantee 
parametric and ac performance. Fuses in these test rows and 

columns are blown prior to shipment. 

o Common dc Electrical Characteristics and Programming Procedure 

o Simple, High-Speed Programming Procedure (1 Second per 1024 

Bits, Typical) 

o Expandable - Open-Collector or Three-State Outputs and Chip 

Enable Inputs 

o Inputs and Outputs TTL-Compatible 

Low Input Current - 250 IlA Logic "0", 40 IlA Logic "1" 

Full Output Drive - 16 mA Sink, 2.0 m,i\ Source 

o Fast Access Time - Guaranteed for Worst-Case N2 Sequencing, 

Over Commercial and Military Temperature and Voltage 
Ranges 

o Pin-Compatible with Industry-Standard PROMs and ROMs 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Supply Voltage (operating) VCC +7.0 Vdc 

Input Voltage Vin +5.5 Vdc 

Output Voltage (operating) VOH +7.0 Vdc 

Supply Current ICC 650 mAde 

I nput Current lin -20 mAde 

Output Sink Current 10 100 mAde 

Operating Temperature Range TA °c 
MCM76xxDM -55 to +125 
MCM76xxDC o to +70 

Storage Temperature Range Tstg -55to+150 °c 
Maximum Junction Temperature TJ +175 °c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 

exceeded. Functional operation shoUld be restricted to RECOMMENDED 

OPERATING CONDITIONS. Exposure to higher than recommended voltages 

for extended periods of time could affect device reliability. (While programming, 

follow the programming specifications.) 
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MCM7640 
thru 

MCM7643 

MIlL 
4096-BIT PROGRAMMABLE 

READ ONLY MEMORIES 

MCM7640 - 512 X B - Open-Collector 

MCM7641 - 512 x B - Three-State 

MCM7642 -1024 x 4 - Open-Collector 

MCM7643 -1024 x 4 - Three-State 

MCM7640/41 

D SUFFIX 
CERAMIC PACKAGE 

MCM7642/43 

~.~-~I, -
18 [, 

1 

D SUFFIX 
CERAMIC PACKAGE 

PIN ASSIGNMENT 

AG 18 Vee 

A5 2 17 A7 

A4 3 16 A8 

A3 4 15 A9 

AD 5 14 01 

A1 13 02 

A2 12 03 

CS1 8 11 04 

Gnd 9 10 eS2 

A7 24 Vec 

A6 2 23 A8 

A5 22 NC· 

A4 4 21 CST 

A3 5 20 eS2 

A2 6 19 eS3 

A1 18 eS4 

AD 8 17 OB 

01 16 07 

02 to 15 06 

03 11 t4 05 

Gnd t2 13 04 

• No Connection 



MCM7640 thru MCM7643 

DC OPERATING CONDITIONS AND CHARACTERISTICS 

RECOMMENDED DC OPERATING CONDITIONS 
Parameter Symbol Min Nom 

Supply Voltage VCC 
MCM76.xDM 4.50 5.0 
MCM76xxDC 4.75 5.0 

Input High Voltage VIH 2.0 -
Input Low Voltage Vil - -

DC CHARACTERISTICS 
Open-Collector 

Output 

Symbol Parameter Test Conditions Min Typ Ma. 

IRA. IRE Address/Enable "'" VIH = VCC Max - - 40 
IFA.IFE I "put Current "0" Vil = 0.45 V - -0.1 -0.25 

VOH Output Voltage "I" 10H -2.0 mAo VCC = VCC Min N/A 
VOL "0" 10l = +16 rnA. VCC = VCC Min - 0.35 0.45 

IOHE Output Disabled "I" VOH. VCC = VCC Max - - 100 
IDLE Current "0" VOL = +0.3 V. VCC = VCC Ma. - - N/A 

10H Output Lea kege "I" VOH. VCC VCC Max 100 

VCl Input Clamp Voltage lin = -10 rnA - - -1.6 

lOS Output Short Circuit Current VCC = VCC Max. Vout = 0.0 V N/A - N/A 
One Output Only for 1 s Me. 

ICC Power Supply Current VCC = VCC Max 
MCM7640/MCM7641 All Inputs Grounded - 100 140 
MCM1642/MCM7643 - 100 140 

CAPACITANCE (f =·1.0 MHz. TA = 25°C. periodically sampled rather than 100% tested.) 

Charaeteristh: 

Input Capacitance 

Output Capacitance 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise noted) o to +70oC 

Characteristic Symbol Typ Max 

Address to Output Access Time tAA 45 70 

Chip Enable Access Time tEA 
MCM7640/7641 30 40 
MCM7642/7643 15 25 

TIMING DIAGRAM 

I 
~ 3.0V 

Addr· .. ~ __ :-_____ o.o V 

tAA-! ~ 
Output 1.5 v~,.------

,'-----

~ ~3.0V 
CS __ ~5_V_L__...l~~~_ -----+ , t-I---O.OV 

teA~ r-- --I r--tEA 

I ' r:-:-
"0" Output 1.5 V \ T'.5 V 

t r • If < 5.0 ns 

8-8 

Ma. Unit 

Vde 
5.50 
5.25 

- Vde 

O.B Vde 

Three-State 
Output 

Min Typ Max Unit 

- - 40 "Ade 
- -0.1 -0.25 mAde 

2.4 3.4 Vde 
- 0.35 0.45 Vde 

- - 100 "Ade 
- - -100 "Ade 

N/A /lAde 

- - -1.5 Vde 

15 - 70 mAde 

- 100 140 mAde 

- 100 140 mAde 

-55 to +1250 C 

Typ Max Unit 

45 85 ns 

ns 
30 50 
15 30 

AC TEST LOAD 

Vee 

'".~'".~o. 
30 PF'tJ soo 

-'ncludes Jig Capacitance 



MCM7640 thru MCM7643 

PROGRAMMING 
The PROMs are manufactured with all bits/outputs 

Logical "1" (Output Highl. Any desired bit/output can 

be programmed to a Logical "0" (Output Lowl by follow
ing the simple procedure shown below_ One may build 

PROGRAMMING PROCEDURE 
1. Address the PROM with the binary address of the 

selected word to be programmed. Address inputs 
are TTL-compatible. An open circuit should not be 

used to address the PROM. 
2. Disable the chip by applying input highs (V,H' to the 

CS input(sl. CS inputs (MCM7640/41 onlyl must 
remain at V,H for program and verify. The chip 
select is TTL-compatible. An open circuit should not 
be used to disable the chip. 

3. Disable the programming circuitry by applying an 

Output Voltage Disable of less than VOPD to the 
output of the PROM. The output may be left open 
to achieve the disable. 

4. Raise VCC to VpH with rise time equal to t r . 
5. After a delay equal to or greater than td' apply a 

pulse with amplitude of VOPE and duration of tp to 
the output selected for programming. Note that the 

PROM is supplied with fuses intact generating an 
output high. Programming a fuse will cause the 

output to go low in the verify mode. 
6. Other bits in the same word may be programmed 

his own programmer to satisfy the sepcifications described 

in Table 1. or buy any of the commercially available pro
grammers which meet these specificatipns. These PROMs 
can be programmed automatically or by the manual pro
cedure shown below. 

while the VCC input is raised to VPH by applying 
output enable pulses to each output which is to be 
programmed. The output enable pulses must be 

separated by a minimum interval of td' 

7. Lower Vce to 4.5 Volts following a delay of td 
from the last programming enable pulse applied to 
an output. 

8. Enable the PROM for verification by applying a 

logic "0" (V,L' to the es input(sl. 
9. If any bit does not verify as programmed. repeat 

Steps 2 through 8 until the bit has received a total 

of 1.0 ms of programming time. Bits which do not 
program within 1.0 ms may be considered pro
gramming rejects. Multiple pulses of durations 
shorter than 1.0 ms may be used to enhance pro
gramming speed. 

10. Repeat Steps 1 through 9 for all other bits to be 
programmed in the PROM. 

11. Programming rejects returned to the factory must 

be accompanied by data giving address with desired 
and actual output data of a location in which a 
programming failure has occurred. 

TABLE 1 
PROGRAMMING SPECIFICATIONS 

Symbol Parameter 

V,H Address I n put 
V,L Voltagel1l 

VPH Programming/Verify 
VPL Voltage to Vee 
ICCp Programming Voltage Current Limit 

Programming (Vee) 
t, Voltage Rise and 

tf Fall Time 

td Programming Delay 

tp Programming Pulse Width 

DC Programming Duty Cycle 

Output Voltage 

VOPE Enable 

VOPD Disablel21 

'OPE Output Voltage Enable Current 

TC Case Temperature 

(1) Address and chip select should not be left open for V I H. 
(2) Disable condition will be met with output apen circuit. 

Min 

2.4 

0.0 

11.75 

4.5 

600 

1 
1 

10 

100 

-

10.0 

4.5 

2 

-

8-9 

Typ Max Unit 

5.0 5.0 V 

0.4 0.8 V 

12.0 12.25 V 

4.5 5.5 V 

600 650 mA 

1 10 ~s 

1 10 ~s 

10 100 ~s 

- 1000 ~s 

50 90 % 

10.5 11.0 V 

5.0 5.5 V 

4 10 mA 

25 75 °c 

/ 
/ 



MCM7640 thru MCM7643 

FIGURE 1 - TYPICAL PROGRAMMING WAVEFORMS 

es ____ ---I 

VpH----

Vee 

Data-1 ________ -..l 

Data-2 ------------1 

Data-N _______________ -..l 
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® MOTOROLA 

8192-BIT PROGRAMMABLE READ ONLY MEMORY 

The MCM7680/81 together with the MCM7620121,MCM7640/43 
comprise a complete, compatible family having common dc elec
trical characteristics and identical programming requirements. They 
are fully decoded, high·speed, field·programmable ROMs and are 
available in commonly used organizations, with both open·collector 
and three·state outputs. All bits are manufactured storing a logical 
"1" (outputs high), and can be selectively programmed for logical "0" 
(outputs low). 

The field·programmable PROM can be custom·programmed to 
any pattern using a simple programming procedure. Schottky bipolar 
circuitry provides fast access time, and features temperature and 
voltage compensation to minimize access time variations. 

Pinouts are compatible to industry·standard PROMs and ROMs. 
In addition, the MCM7680 and 81 are pin compatible replacement 
for the 512 X 8 with pin 2 connected as A9 on the 1024 X 8. 

In addition to the conventional storage array. extra test rows and 
columns are included to assure high programmability, and guarantee 
parametric and ac performance. Fuses in these test rows and columns 
are blown prior to shipment. 

eo Common dc Electrical Characteristics and 
Programming Procedure 

• Simple, High·Speed Programming Procedure 
(0.1 second per 1024 8its, Typical) 

• Expandable - Open·Coliector or Three·State 
Outputs and Chip Enable Inputs 

• Inputs and Outputs TTL·Compatible 
Low Input Current - 250 /lA Logic "0",40 /lA Logic "1" 
Full Output Drive - 16 mA Sink, 2.0 mA Source 

• Fast Access Time - Guaranteed for Worst·Case 
N2 Sequencing, Over Commercial and Military 
Temperature Ranges 

eo Pin·Compatible with IndustrY·Standard PROMs and ROMs 

ABSOLUTE MAXIMUM RATINGS ISee Notel 
Rating Symbol Value Unit 

Supply Voltage (operating) VCC +7.0 Vdc 
Input Voltage Vin +5.5 Vde 
Output Voltage (operating) VOH +7.0 Vde 
Supply Current ICC 650 mAde 
Input Current lin -20 mAde 

Output Sink Current 10 100 mAde 

Operating Temperature Range TA °c 
MCM76xxOM -55 to +125 
MCM76xxOC o to +70 

Storage Temperature Range Tst9 -55 to +150 °c 
Maximum Junction Temperature TJ +175 °c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS .r. 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages 
for extended periods of time could affect device reliability. (While programming, 

follow the programming specifications.) 
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MCM7680 
MCM7681 

MTTL 
8192-BIT PROGRAMMABLE 

READ ONLY MEMORIES 

MCM7680 - 1024 X 8 - Open-Collector 
MCM7681 - 1024 X 8 - Three-State 

2 

4 

5 

6 

8 
9 

10 

11 

12 

CERAMIC PACKAGE 

CASE 623 

PIN ASSIGNMENT 

24 

23 

22 

21 

20 

19 

18 
17 
16 

15 

14 

13 



MCM7680, MCM7681 

DC OPERATING CONDITIONS AND CHARACTERISTICS 

RECOMMENDED DC OPERATING CONDITIONS 

Parameter Symbol Min Nom 
Supply Voltage Vcc 

MCM76xxDM 4.50 5.0 
MCM76xxDC 4.75 5.0 

Input High Voltage VIH 2.0 -
Input Low Voltage VIL - -

DC CHARACTERISTICS 

Qpen-Collector 
Output 

Symbol Parameter Test Conditions Min Typ Max 

IRA. IRE Address/Enable "I" VIH = Vec Max - - 40 

IFA.IFE Input Current- "0" VIL = 0.45 V - -0.1 -0.25 

VOH Output Voltage "I" 10H -2.0 mAo VCC = VCC Min N/A 

VOL "0" 10L = +16 mAo VCC = VCC Min - 0.35 0.45 

10HE Output Disabled "I" VOH. VCC = VCC Max 100 

10LE Current "0" VOL = +0.3 V. VCC = VCC Max - - N/A 

10H Output Leakage "I" VOH. VCC - VCC Max - - 100 

VCL Input Clamp Voltage lin "":-10mA - - -1.5 

lOS Output Short Circuit Current VCC = VCC Max. Vout = 0.0 V N/A - N/A 
One Output Only for 1 s Max 

ICC Power Supply Current VCC = VCC Max 
MCM7680/MCM7681 DC All Inputs Grounded - 110 150 
MCM7680/MCM7681 DM - 110 170 

CAPACITANCE" If = 1.0 MHz. TA = 250 C. periodically sampled rather than 100% tested'! 

Characteristic 

I nput Capacitance 

Output· Capacitance 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise noted) a to +70oC 

Characteristic Symbol Typ Max 

Address to Output Access Time tAA 45 70 

Chip Enable Access Time tEA 
MCM7680/81 30 40 

TIMING DIAGRAM 

, 
~ 3.0V 

Address ~--:-------o.o V 
tAA-. ~,..-____ _ 

Output 1.5 v~ ,'-----

Cs ---::;::;y ~ 3.0 V 
~ 1.5 V 

CS tEA-:..,:------J~t r--tE~OV 

"0" Output 1.5 V~ I Fv 
t r• tf < 5.0 ns 

8-12 

Max Unit 

Vdc 
5.50 
5.25 

- Vdc 

0.8 Vdc 

Three-State 
Output 

Min Typ Max Unit 

- - 40 ~Adc 

- -0.1 -0.25 mAde 

2.4 3.4 Vdc 
- 0.35 0.45 Vdc 

100 ~Adc 

- - -100 ~Adc 

- N/A ~Adc 

- - -1.5 Vdc 

15 - 70 mAde 

- 110 150 mAde 

- 110 170 mAde 

-55 to +1250 C 

Typ Max 

45 85 

30 50 

AC TEST LOAD 

vee 

Unit 

ns 

ns 

tr:00 

Test Point Ox 

30 pF' 600 

'Includes Jig Capacitance 



MCM7680, MCM7681 

PROGRAMMING 
The .PROMs are manufactured with all bits/outputs 

Logical "1" (Output High). Any desired bit/output can 
be programmed to a Logical "0" (Output Low) by follow
ing the simple procedure shown below. One may build 

PROGRAMMING PROCEDURE 
1. Address the PROM with the binary address of the 

selected word to be programmed. Address inputs 
are TTL·compatible. An open circuit should not be 
used to address the PROM. 

2. Disable the chip by applying inputs highs (VIH) to 
the es inputs. es inputs must remain at VIH for 
program and verify. The chip select is TT L·compatible. 
An open circuit should not be used to disable the 
chip. 

3. Disable the programming circuitry by applying an 
Output Voltage Disable of less than VOPD to the 
output of the PROM. The output may be left open 
to achieve the disable. 

4. Raise Vee to VpH with rise time equal to t r· 
5. After a delay equal to or greater than td. apply a 

pulse with amplitude of VOP!; and duration of tp to 
the output selected for programming. Note that the 
PROM is supplied with fuses intact generating an 
output high. Programming a fuse will cause the 
output to go low in the verify mode. 

6. Other bits in the same word may be programmed 

his own programmer to satisfy the sepcifications described 
in Table 1, or buy any of the commercially available pro· 
grammers which meet these specification~. These PROMs 
can be programmed automatically or by the manual pro
cedure shown below. 

while the Vee input is raised to VpH by applying 
output enable pulses to each output which is to be 
programmed. The output enable pulses must be 
separated by a minimum interval of td' 

7. Lower Vee to 4.5 Volts following a delay of td 
from the last programming enable pulse applied to 
an output. 

8. Enable the PROM for verification by applying a 
logic "0" (VILl to the es inputs. 

9. If any bit does not verify as programmed, repeat 
Steps 2 through 8 until the bit has received a total 
of 1.0 ms of programming time. Bits which do not 
program within 1.0 ms may be considered pro· 
gramming rejects. Multiple pulses of durations 
shorter than 1.0 ms may be used to enhance pro· 
gramming speed. 

10. Repeat Steps 1 through 9 for all other bits to be 
programmed in the PROM. 

11. Programming rejects returned to the factory must 
be accompanied by data giving address with desired 
and actual output data of a location in which a 
programming failure has occurred. 

TABLE 1 
PROGRAMMING SPECIFICATIONS 

Symbol Parameter 

VIH Address Input 

VIL Vollagell) 

VPH Programming/Verify 

VPL Voltage to Vee 
ICCp Programming Voltage Current Limit 

Programming (Vee) 

'r Voltage Rise and 

If Fall Time 

td Programming Delay 

tp Programming Pulse Width 

DC Programming Duty Cycle 

Output Voltage 

VOPE Enable 

VOPD Disablel2) 

lOPE Output Voltage Enable Current 

TC Case Temperature 

(1) Address and chip select should not be left open for VIH. 

(2) Disable condition will be met with output open circuit. 

Min 

2.4 

0.0 

11.75 

4.5 

600 

1 
1 

10 

100 

-

10.0 

4.5 

2 

-
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Typ Max Unit 

5.0 5.0 V 

0.4 O.B V 

12.0 12.25 V 

4.5 5.5 V 

600 650 rnA 

1 10 ~s 

1 10 ~s 

10 100 ~s 

- 1000 ~s 

50 90 % 

10.5 11.0 V 

5.0 5.5 V 

4 10 rnA 

25 75 °c 



MCM7680, MCM7681 

FIGURE 1 - TYPICAL PROGRAMMING WAVEFORMS 

es------' 

VpH----

Vee 

Oata-1 

Data-2 -----------~ 

Data-N ------------------1 
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® MOTOROLA 

Advance InforJrllation 

8192-BIT PROGRAMMABLE READ ONLY MEMORY 

The MCM7684/85 together with the MCM7620/21/40/41/42/43/ 
80/81 comprise a complete, compatible family having common dc 
electrical characteristics and identical programming requirements. 

They are fully decoded, high-speed, field-programmable ROMs 
and are available in commonly used organizations, with both open

collector and three-state outputs. All bits are manufactured storing 
a logical "1" (outputs high), and can be selectively programmed 
for logical "0" (outputs low). 

The field-programmable PROM can be custom-programmed 
to any pattern using a simple programming procedure. Schottky 
bipolar circuitry provides fast access time, and features temperature 
and voltage compensation to minimize access time variations. 

Pinouts are compatible to industry-standard PROMs and ROMs. 

I n addition, the MCM7684 and 85 are pin compatible replacement 
for the 1024 X 4 with pin 8 connected as A lOon the 2048 X 4. 

In addition to the conventional storage array, extra test rows and 
columns are included to assure high programmability, and guarantee 

parametric and ae performance. Fuses in these test rows and columns 
are blown prior to shipment. 

.. Common dc Electrical Characteristics and 
Programming Procedure 

.. Simple, High-Speed Programming Procedure 
(0.1 second per 1024 Bits, Typical) 

.. Expandable - Open-Collector or Three-State 

Outputs and Chip Enable Input 

" Inputs and Outputs TTL-Compatible 
Low Input Current - 250 IlA Logic "0",40 IlA Logic "1" 
Full Output Drive - 16 mA Sink, 2.0 mA Source 

.. Fast Access Time - Guaranteed for Worst-Case 
N2 Sequencing, Over Commercial and Military 
Temperature Ranges 

.. Pin-Compatible with Industry-Standard PROMs and ROMs 

ABSOLUTE MAXIMUM RATINGS (See Notel 

Rating Symbol Value Unit 

Supply Voltage (operating) VCC +7.0 Vdc 

Input Voltage Vin +5.5 Vdo 

Output Voltage (operating) VOH +7.0 Vdc 

Supply Current ICC 650 mAde 

Input Current lin -20 mAde 

Output Sink Current 10 100 mAde 

Operating Temperature Range TA °c 
MCM76xxDM -55'0+125 
MCM76xxDC o to +70 

Storage Temperature Range T stg -55to+150 °c 
Maximum Junction Temperature TJ +175 °c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS 

] 

are 

exceeded. Functional operation should be restricted to RECOMMENDED 

OPERATING CONDITIONS. Exposure to higher than recommended voltages 

for extended periods of time could affect device reliability. (While programming, 

follow the programming specifications.) 

This IS advance Information and speciflc.atlons are subject to change without notice. 
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MCM7684 
MCM7685 

MTTl 
8192-BIT PROGRAMMABLE 

READ ONLY MEMORIES 

MCM7684 - 2048 X 4 - Open-Coli ector 

MCM7685 - 2048 X 4 - Three-State 

4 

8 

D SUFFIX 
CERAMIC PACKAGE 

CASE 726 

PIN ASSIGNMENT 

18 

17 

16 

15 

14 

13 

12 

11 

10 



MCM7684, MCM7685 

DC OPERATING CONDITIONS AND CHARACTERISTICS 

RECOMMENDED DC OPERATING CONDITIONS 
Parameter Symbol Min Nom 

Supply Voltage Vcc 
MCM76xxDM 4.50 5.0 
MCM76xxDC 4.75 5.0 

Input High Voltage VIH 2.0 -
Input Low Voltage VIL - -

DC CHARACTERISTICS 
(Over Recommended Operating Temperature Range) Open-Collector 

Output 

Symbol Parameter Test Conditions Min Typ Max 

IRA.IRE Address/Enable "1" VIH = Vee Max - - 40 

IFA,IFE Input Current "a" VIL = U.45V - -0.1 -0.25 

VOH Output Voltage "1" 10H - -2.0 rnA, VCC Min N/A - -
VOL "a" 10L = +16 rnA, Vec Min - 0.35 0.45 

10HZ Output Disabled ''1'' VOH, VCC Max - - 100 

10LZ Current "0" VOL = +0.3 V, VCC Max - - N/A 

10H Output Leakage "1" VOH, VCC Max 100 

VIC Input Clamp Voltage 'in =-10mA - -1.5 

lOS Output Short Circuit Current Vec Max, Vout - 0.0 V N/A - N/A 
One Output Only for 1 s Max 

Ice Power Supply Current VCC Max 

MCM7684/MCM7685 De All Inputs Grounded - 80 120 
MCM7684/MCM7685 DM - 80 140 

CAPACITANCE (f =1.0 MHz, TA = 25°C, periodically sampled rather than 100% tested.) 

Characteristic 

Input Capacitance 

Output Capacitance 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise noted) o to +70oC 

Characteristic Symbol Typ Max 

Address to Output Access Time tAA 45 70 

Chip Enable Access Time tEA 15 25 

TIMING DIAGRAM 

~ 3.0V 

Address ~--:------O.O V 

tAA~ ~r----------
Output 1.5 V~ 

1'------

cs~ ~3.0V 
~ 1.5V 

CS I'-;-'--~- t 0.0 V 
tEA-I r-- ---I r-- tEA 

"0" Output 1.5 V~ 1 'Fsv 

Input t r , tf < 5.0 ns 

8-16 

Max Unit 

Vdc 
5.50 
5.25 

- Vdc 

0.8 Vdc 

Three-State 
Output 

Min Typ Max Unit 

- - 40 JJAde 

- -0.1 -0.25 mAde 

2.4 3.4 - Vdc 

- 0.35 0.45 Vdc 

- - 100 i'Adc 

- - -100 J.lAde 

N/A ,uAdc 

-1.5 Vdc 

15 - 70 mAde 

- 80 120 mAde 

- 80 140 mAde 

-55 to +125O C 

Typ Max 

45 85 

15 30 

AC TEST LOAD 

Vee 

Unit 

ns 

ns 

Test Point ~ Ox 

30 pF' tJ600 

'Includes Jig Capacitance 



MCM7684, MCM7685 

PROGRAMMING 
The PROMs are manufactured with all bits/outputs 

Logical "1" (Output Highl. Any desired bit/output can 

be programmed to a Logical "0" (Output Lowl by follow· 
ing the simple procedure shown below. One may build 

PROGRAMMING PROCEDURE 
1. Address the PROM with the binary address of the 

selected word to be programmed. Address inputs 
are TTL-compatible. An open circuit should not be 

used to address the PROM. 

2. Disable the chip by applying an input high (VIHI to 
the es input. The chip select is TTL-compatible. 

An open circuit should not be used to disable the 

chip. 

3. Disable the programming circuitry by applying an 

Output Voltage Disable of less than VOPD to the 
output of the PROM. The output may be left open 

to achieve the disable. 

4. Raise Vee to VpH with rise time equal to t r· 

5. After a delay equal to or greater than td' apply a 

pulse with amplitude of VOPE and duration of tp to 
the output selected for programming. Note that the 

PROM is supplied with fuses intact generating an 

output high. Programming a fuse will cause the 
output to go low in the verify mode. 

6. Other bits in the same word may be programmed 

his own programmer to satisfy the sepcifications described 
in Table 1, or buy any of the commercially available pro

grammers which meet these specifications. These PROMs 
can be programmed automatically or by the manual pro

cedure shown below. 

while the Vee input is raised to VpH by applying 
output enable pulses to each output which is to be 
programmed. The output enable pulses must be 

separated by a minimum interval of td' 

7. Lower Vee to 4.5 Volts following a delay of td 
from the last programming enable pulse applied to 
an output. 

8. Enable the PROM for verification by applying a 

logic "0" (VI LI to the es inputs. 
9. If any bit does not verify as programmed, repeat 

Steps 2 through 8 until the bit has received a total 
of 1.0 ms of programming time. 8its which do not 

program within 1.0 ms may be considered pro· 
gramming rejects. Multiple pulses of durations 
shorter than 1.0 ms may be used to enhance pro
gramming speed. 

10. Repeat Steps 1 through 9 for all other bits to be 

programmed in the PROM. 
11. Programming rejects returned to the factory must 

be accompanied by data giving address with desired 
and actual output data of a location in which a 
programming failure has occurred. 

TABLE 1 
PROGRAMMING SPECIFICATIONS 

Symbol Parameter 

VIH Address Input 

VIL Vollage(1) 

VPH Programming/Verify 

VPL Voltage to Vee 
ICCp Programming Voltage Current limit 

Programming (Vee! 

'r Voltage Rise and 

If Fall Time 

'd Programming Delay 

Ip Programming Pulse Width 

OC Programming Duty Cycle 

Output Voltage 

VOPE Enable 

VOPO Di,able(2) 

lOPE Output Voltage Enable Current 

TC Case Temperature 

(1) Address and chip select should not be left open for VIH. 
(2) Disable condition will be met with output open circuit. 

Min 

2.4 

0.0 

11.75 

4.5 

600 

1 
1 

10 

100 

-

10.0 

4.5 

2 

-
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Typ Max Unit 

5.0 5.0 V 

0.4 0.8 V 

12.0 12.25 V 

4.5 5.5 V 

600 650 rnA 

1 10 MS 

1 10 M' 

10 100 M' 

- 1000 M' 

50 90 % 

10.5 11.0 V 

5.0 5.5 V 

4 10 rnA 

25 75 °c 



MCM7684, MCM7685 

FIGURE 1 - TYPICAL PROGRAMMING WAVEFORMS 

es----~ 

VpH---

Vee 

VPL ---"""':'::":::'./f 

Data-1 

Data-2 ___________ .J 

Data-N -----------------' 
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MECL MEMORIES 
GENERAL INFORMATION 

Complete information is available in the MECL Data Book. Contact your sales representative or authorized 
distributor for information. 

TABLE 1 - LIMITS BEYOND WHICH DEVICE LIFE MAY BE IMPAIRED 

Characteristic Symbol Rating Unit 

Supply Voltage VEE -8.0 to 0 V 

Input Voltage (VCC = 0) Vin o to VEE V 

Output Source Current - Continuous lout 50 mA 
Surge 100 

Junction Temperature - Ceramic PackageG) TJ 165 °c 
Plastic Package 150 

Storage Temperatu re T stg -55to+150 °c 
CD Maximum T J may be exceeded (<;; 2500 C) for short periods of time (<;; 240 hours) without significant 

reduction in device life. 

TABLE 2 - LIMITS BEYOND WHICH PERFORMANCE MAY BE DEGRADED 

Characteristic Symbol 

Supply Voltage (VCC = oro VEE 

Output Drive - MCM10100 Series -

MCM 1 0400 Series 
MCM10500 Series 

Operating Temperature Range@) TA 
MCM10100 Series 
MCM10400 Series 
MCM10500 Series 

® Functionality only. Data sheet limits are specified for -5.19 to -5.21 V. 

® With airflow;;;' 500 Ifpm. 

9-2 

Rating 

-4.94 to -5.46 

50 n to -2.0 V 
50 n to -2.0 V 
100 n to -2.0 V 

o to 75 
-55 to +150 

-55 to +125 

Unit 

V 

n 

°c 



MECL MEMORIES (continued) 

TABLE 3 - DC TEST PARAMETERS 

Each M EeL 10,000 series device has been designed to meet the dc specifications shown in the test table, after 

thermal equilibrium has been established. The circuit is in a test socket or mounted on a printed circuit board 
and transverse airflow greater than 500 linear feet per minute is maintained. VEE = -5.2 V ± 0.010 V. 

Forcing -550 C OOC 25°C 75°C 125°C 

Function Parameter MCM10500* MCM10100** MCM10100** MCM10500* MCM10100** MCM10500* 

VIHmax = VOHmax -0.880 -0.840 -0.810 -0.780 -0.720 -0.630 

VOHmin -1.080 -1.000 -0.960 -0.930 -0.900 -0.825 

VOHAmin -1.100 -1.020 -0.980 -0.950 -0.920 -0.845 

VIHAmin -1.255 -1.145 -1.105 -1.105 -1.045 -1.000 

VILAmin -1.510 -1.490 -1.4 75 -1.4 75 -1.450 -1.400 

VOLAmin -1.635 -1.645 -1.630 -1.600. -1.605 -1.525 

VOLAmax -1.655 -1.665 -1.650 -1.620 -1.625 -1.545 

VILmin f VOLmin -1.920 -1.870 -1.850 -1.850 -1.830 -1.820 
\ 

VILmin IINLmin 0.5 0.5 0.5 0.5 0.3 0.3 
, Driving 100 n to -2.0 V. 

"Driving 50 n to -2.0 V. 

Vee: Gnd 

I , , I 

I 

I 
I 
I 

I 
I I I 

I es, eS2 eS3 I 
INPUT LEVELS 

I 
"0 I 

I 
A, I 

I 
A2 I 

A3 I 
I 

A4 I 
I 

AS I 
I 

o-----!-
A6 °out 

eLi 
I A7 I 

I 
I AT 

I 
I 
I 

~ I I 
I I 

-2.0 V 

tr ""' If ..., 2.0 ns typo 

All timing measurements referenced to 50% of input levels. 

AT = 50 n 
CL ~ 5,0 pF (including jig and stray capacitance) 

Delay should be derated 30 ps/pF for capacitive load up to 50 pF 

I 
Din WE I 

I 

I 
I 

I I 
I 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 
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MECL MEMORIES (continued) 

FIGURE 2 - CHIP SELECT ACCESS TIME WAVEFORM 

Daut 

Chip Select 

C§ 

50% 

FIGURE 3 - ADDRESS ACCESS TIME WAVEFORM 

M~::: ----t:'AA 1~5-0-%---------

FIGURE 4 - SETUP AND HOLD WAVEFORMS (WRITE MODE) 

Address 50% 

50% 

°out ~--- tWSA----~ 
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® MOTOROLA 

8 x 2 MUL TIPORT REGISTER FILE 
(RAM) 

The MCM10143 is an 8 word by 2 bit multipart register file 
(RAM) capable of reading two locations and writing one loca
tion simultaneously. Two sets of eight latches are used for data 
storage in this LSI circuit. 

WRITE 

The word to be written is selected by addresses AO-A2. Each bit 
of the word has a separate write enable to allow more flexibility in 
system design. A write occurs on the positive transition of the clock. 
Data is enabled by having the write enables at a low level when the 
clock makes the transition. To inhibit a bit from being written. the 
bit enable must be at a high level when the clock goes low and not 
change until the clock goes high. Operation of the clock and the bit 
enables can be reversed. While the clock is Iowa positive transition of 
the bit enable will write that bit into the address selected by AO-A2. 

READ 

When the clock is high any two words may be read out simulta· 
neously, as selected by addresses 80-82 and CO-C2, including the 
word written during the preceding half clock cycle. When the clock 
goes low the addressed data is stored in the slaves. Level changes on 
the read address lines have no effect on the output until the clock 
again goes high. Read out is accomplished at any Ii me by enabling 
output gates 180-81), (CO-Cl). 

tpd: 

Clock to Data out = 5 ns Ityp) 
(Read Selected) 

Address to Data out = 10 ns Ityp) 
(Clock High) 

Read Enable to Data out = 2.8 ns Ityp) 
IClock high, Addresses present) 

PD = 610 mW/pkg Ityp no load) 

TRUTH TABLE 

'MODE INPUT OUTPUT 

" "Clock WEo WEl DO 01 REB REC aBo DBl 
Write L_ L L H H H' H L L 

Read H ,> Q Q (> L L H H 

Read H~L 0 (> <:> Q L L H H 
Read L-TH---+L H H (> Q L L H H 

Write L~H L L L H H H L L 

Read H " <:> Q r:) L L L H 

•• Note: Clock occurs sequentially through Truth Table 

• Note: AO-A2. 80·82, and CO-C2 are all set to same address location 

throughout Table. 

" . Don't Care 
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DCa 
L 

H 

H 
H 

L 

L 

DCl 

L 

H 

H 
H 

L 

H 

MCM10143 
8 X 2 MULTI PORT REGISTER 

FILE (RAM) 

3 

4 

6 

8 

9 

10 

11 

12 

." 
.

. r. 
i : , 

. I 

L SUFFIX 
CERAMIC PACKAGE 

CASE 623 

PIN ASSIGNMENT 

Vcco VCC 

QBl VCCI 

QBO QCl 

RES QCO 

S2 REC 

BO Clock 

Bl C2 

WEI Co 

WEO Cl 

DO Al 

°1 AO 

VEE A2 

24 

23 

22 

21 

20 

19 

lB 

17 

16 

15 

14 

13 



MCM10143 

REB 

WEl 

01 

4 

6 

7 

5 

9 
10 

~ 
14 

15 
13 

a 
11 

17 
16 
la 

20 

~ 

~ 

Read 
Decoder I--

B 

Write 
Amplifier 

Bit 0 

Write 
Decoder 

A 

Write 
Amplifier 

Bit 1 

Read 
Decoder ---< 

C 

BLOCK DIAGRAM 

Multi- ,- Slave 1-+ Output 2 
~ ,-

plexer B-bit 1 Gate 
B-bit 1 r- I-- --+ B-bit 1 

OBl 

Multi- f-- --- Output 3 r-- Slave 
~ 

~ 
plexer 

~ B-bit 0 r----
Gate 

B-bit 0 B-bit 0 
OBO 

L- a xl 
Master Latches 

~ 

~ Bit 0 

It.. a x 1 
Master Latches 

~ Bit 1 

t.. Multi-
~ Slave ~ Output 

~ '--
plexer C-bit 1 Gate 

C-bit 1 r- f--' r- C-bit 1 
OCl 

- Multi- L., Slave f-- f-- Output 

~ ~ 
plexer 

C-bit 0 
Gate 

C-bit 0 r---- ~ C-bit 0 
OCo 
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MCM10143 

ELECTRICAL CHARACTERISTICS 

oOC +250 C +750 C 

Characteristics Symbol Min Max Min Typ Max Min Max Unit 

Power Supply Drain Current IE 150 118 150 150 mAde 

Input Current linH }.LAde 
Pinsl0,ll,19 245 245 245 
All other pins 200 200 200 

Switching Times 1 ns 
Read Mode 

Address Input ts ±. as ±. 4.0 15.3 4.5 10 14.5 4.5 15.5 

Read Enable tRE-QB+ 1.1 5.3 1.2 3.5 5.0 1.2 5.5 
Data tClock+QB- 1.7 7.3 2.0 5.0 7.0 2.0 7.6 
Setup 

Address tsetup(B -Clock-) 8.5 5.5 
Hold 

Address thold (Clock - B +) -1.5 -4.5 
Write Mode 

Setup 
Write Enable 7.0 4.0 

1.0 -2.0 
Address 8.0 5.0 
Data 5.0 2.0 

Hold 
Write Enable thold(Clock+WE+) 5.5 2.5 

thold(Clock+WE-) 1.0 -2.0 
Address thold(Clock+A+) 1.0 -3.0 
Data thold (Clock + D +) 1.0 -2.0 

Write Pulse Width PWWE 8.0 5.0 

Rise Time, Fall Time t r, tf 1.1 4.2 1.1 2.5 4.0 1.1 4.5 
(20% to 80%) 

G)AC timing figures do not show all the necessary presetting conditions. 

• 
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MCM10143 

READ TIMING DIAGRAMS 

FIGURE 1 

Enable 
RE FIGURE 2 

Q 

FIGURE 3 

FIGUR,E 4 
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MCM10143 

Enable Setup 
WE 

Clock 

Enable Hold 

WE 

Clock 

Disable 
WE 

Clock 

Pulse Width 

Clock 

Addre •• 

WRITE TIMING DIAGRAM 

t» tsetup t»thold 
- tmin-Jr----=...:....---'---

A ------,.,------------- ___ 1,-----

0 ________ 1 '---i---.J 

Clock ___________ .11 
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FIGURE 5 

FIGURE6 

FIGURE 7 

FIGURES 

FIGURE9 



® MOTOROLA 

AD . 
2 ~ . 

AI ' . OJ"C 
.0 

A2 3 ~~ 
4 "CN 

A3 <~ 
"C_ 

9 :; 
A4 ~ 

. -g:; 
<OJ 
~= 
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AS AS A7 

TRUTH TABLE 

MODE INPUT OUTPUT 

es· WE Din Oout 

Write "0" L L L L 

Write "1" L L H L 

Read L H 

'" 
a 

Disabled H 

'" '" 
L 

tJ> -= Don't Care. 

~ LSUFFIX ~~CUE~AMIC PACKAGE 

CASE 620 

14 

13 

WE 

Din 

MCM1 0144/MCM1 0544 
256 X 1-BIT RANDOM 

ACCESS MEMORY 

The MCM10144i10544 is a 256 word 
X 1-bit RAM. Bit selection is achieved by 

means of an 8-bit address AO through A 7. 
The active-low chip select allows memory 

expansion up to 2048 words. The fast eh ip 

select access time allows memory expansion 
without affecting system performance. 

The operating mode of the RAM (CS inputs 
low) is controlled by the WE input. With WE 
low the chip is in the write mode-the output 
is low and the data present at Din is stored 
at the selected address. With WE high the chip 
is in the read mode-the data state at the 
selected memory location is presented non
inverted at D out. 

• Typical Address Access Time = 17 ns 

• Typical Ch ip Select Access Time = 4.0 ns 

• 50 kn Input Pulldown Resistors on Chip 
Select 

• Power Dissipation (470 mW typ @ 25 0 C) 
Decreases with Increasing Temperature 

• Pin-for-Pin Replacement for F10410 

PIN ASSIGNMENT 

16 

15 

14 

4 13 

12 

11 

F SUFFIX 
CERAMIC PACKAGE 

CASE 650 
8 

10 

9 
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MCM10144/MCM10544 

ELECTRICAL CHARACTERISTICS 

-55°C OOC +250 C +750 C + 125°C 

Characteristic Symbol Min Max Min Max Min Max Min Max Min Max Unit 

Power Supply Drain Current lEE - 140 - 135 - 130 - 125 - 125 mAdc 

Input Current High linH - 375 - 220 - 220 - 220 - 220 /lAdc 

-55°C and +1250 C test values apply to MC105xx devices only. 

SWITCHING CHARACTERISTICS (Note 1) 

MCM10144 MCM10544 

TA=Oto TA = -55 to 
+750 C, +1250 C, 

VEE= VEE = 
-5.2 Vdc -5.2 Vdc 

± 5% ± 5% 

Characteristics Symbol Min' Max Min Max Unit Conditions 

Read Mode ns Measured from 50% of 
Chip Select Access Time tACS 2.0 10 2.0 10 input to 50% of output. 
Chip Select Recovery Time tRCS 2.0 10 2.0 10 See Note 2. 
Address Access Time tAA 7.0 26 7.0 26 

Write Mode ns tWSA - 8.0 ns 
Write Pulse Width tw 25 - 25 - Measured at 50% of 
Data Setup Time Prior to Write tWSD 2.0 - 2.0 - input to 50% of output. 
Data Hold Time After Write tWHD 2.0 - 2.0 - tw,,,, 25 ns. 
Address Setup Time Prior to Write tWSA 8.0 - 8.0 -
Address Hold Time After Write tWHA 2.0 - 0.0 -
Chip Select Setup Time Prior to tWSCS 2.0 - 2.0 -

Write 
Chip Select Hold Time After Write tWHCS 2.0 - 2.0 -
Write Disable Time tws 2.5 10 2.5 10 
Write Recovery Time tWR 2.5 10 2.5 10 

Rise and Fall Time t r, tf ns Measured between 20% 
and 80% points. 

Address to Output 1.5 7.0 1.5 7.0 
CS or WE to Output 1.5 5.0 1.5 5.0 

Capacitance pF Measured with a pulse 
Input Capacitance Cin - 5.0 - 5.0 technique. 
Output Capacitance Cout - 8.0 - 8.0 

.. 
NOTES: 1. Test circuit characteristics: AT = 50.!1, MCM10144; 100.!1, MCM10544. CL';; 5.0 pF (including Jig 

and stray capacitance). Delay should be derated 30 ps/pF for capacitive load up to 50 pF. 
2. The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 
3. For proper use of MECL Memories in a system environment, consult MECL System Design 

Handbook. 
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A1 

A3 

ao 01 

10 

01 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

F SUFFIX 
CERAMIC PACKAGE 

CASE 650 

02 

02 

03 

MODE 

Write "0" 

Write "1" 

Read 

Disabled 

rp ,. Don't Care. 

A 

Din 

Vi 

Cs 

MCM10145/MCM10545 

WE 

16 X 4-BIT REGISTER FILE 
(RAM) 

The M CM 1 0145/10545 is a 16 word X 4-bit 

RAM. Bit selection is achieved by means of 

a 4-bit address AO th rough A3. 

The active-low chip select allows memory 

expansion up to 32 words. The fast ch ip 
select access time allows memory expansion 
without affecting system performance. 

The operating mode of the RAM (CS input 

low) is controlled by the WE input. With WE 

low the chip is in the write mode-the output 

is low and the data present at Dn is stored at 
the selected address. With WE high the chip 

is in the read m ode-the data state at the 
selected mem ory location is presented non

inverted at On. 

• Typical Address Access Time = 10·ns 

• Typical Chip Select Access Time = 4.5 ns 

• 50 k.l1 Pulldown Resistors on All Inputs 

• Power Dissipation (470 mW tYP @ 25 0 C) 
Decreases with Increasing Temperature 

PIN ASSIGNMENT 

TRUTH TABLE 

16 

15 

14 

13 

12 

11 

10 

9 

INPUT OUTPUT 
4 

cs WE on On 

L L L L 
6 

L L H L 

L H <J> ° 
H <J> <J> L 

FIGURE 1 - CHIP ENABLE STROBE MODE 

~U---------------------~Ir---

tesD tCHA 

----

tCHW 

tCSA tcs 
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MCM10145/MCM10545 

ELECTRICAL CHARACTERISTICS 

-55°C OOC +250 C +750 C + 125°C 

Characteristic Symbol Min Max Min Max Min Max Min Max Min Max Unit 

Power Supply Drain Current lEE - 135 - 130 - 125 - 120 - 120 mAdc 

Input Cu rrent High linH - 375 - 220 - 220 - 220 - 220 /.IAdc 

-SSoC and +12SoC test values apply to MC10Sxx devices only. 

SWITCHING CHARACTERISTICS (Note 1) 

MCM10145 MCM10545 

TA=Oto TA=-55to 
+750 C, +1250 C, 

VEE = VEE = 
-5.2 Vdc -5.2 Vdc 

± 5% ± 5% 

Characteristics Symbol Min Max Min Max Unit Conditions 

Read Mode ns Measured from 50% of 
Chip Select Access Time tACS 2.0 8.0 2.0 10 input to 50% of output. 
Chip Select Recovery Time tRCS 2.0 8.0 2.0 10 See Note 2. 
Address Access Time tAA 4.0 15 4.0 18 

Write Mode ns tWSA = 5 ns 
Write Pulse Width tw 8.0 - 8.0 - Measured at 50% of 
Data Setup Time Prior to Write tWSD 0 - 0 - input to 50% of output. 
Data Hold Time After Write tWHD 3.0 - 4.0 - tW=8ns. 
Address Setup Time Prior to Write tWSA 5.0 - 5.0 -
Address Hold Time After Write tWHA 1.0 - 3.0 -
Chip Select Setup Time Prior to tWSCS 0 - 5.0 -

Write 
Chip Select Hold Time After Write tWHCS 0 - 0 -
Write Disable Time tws 2.0 8.0 2.0 10 
Write Recovery Time tWR 2.0 8.0 2.0 10 

Chip Enable Strobe Mode ns Guaranteed but not 
Data Setup Prior to Chip Select tCSD 0 - - - tested on standard 
Write Enable Setup Prior to tcsw 0 - - - product. See Figure 1. 

Chip Select 
Address Setup Prior to Chip Select tCSA 0 - - -
Data Hold Time After Chip Select tCHD 2.0 - - -
Write Enable Hold Time After tCHW 0 - - -

Chip Select 
~ddress Hold Time After Chip tCHA 4.0 - - -

Select 
Chip Select Minimum Pulse Width tcs 18 - - -

Rise and Fall Time t r , tf ns Measured between 20% 
Address to Output 1.5 7.0 1.5 7.0 and 80% points. 
CS to Output 1.5 5.0 1.5 5.0 

Capacitance pF Measured with a pulse 
I n put Capac ita nce Cin - 6.0 - 6.0 technique. 
Output Capacitance Cout - 8.0 - 8.0 

NOTES: 1. Test circuit characteristics: RT = 50 .11, MCM10145; 100 .11, MCM10545. CL';;; 5.0 pF (including jig 
and Stray Capacitance). Delay should be derated 30 ps/pF for capacitive loads up to 50 pF. 

2. The maximum Address Access Time is guaranteed to be the worst-case bit in the memory. 
3. For proper use of MECL Memories in a system environment, consult MECL System Design Handbook. 
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2 
AO 

3 
A1 

4 
A2 

A3 

A4 
6 

~ 

-g~ 13 «CD 
e£ 
~ ~ 

0 15 

AS A6 A7 AS A9 

TRUTH TABLE 

MODE INPUT OUTPUT 

CS WE Din Dout 

Write "0" 

Write "'" H 

Read H 1> 0 

Disabled H 1> 1> L 

¢ "" Don't Care. 

_LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

MCM10146/MCM10546 

WE 

Din 

10-12 

1024 X 1-BIT RANDOM 
ACCESS MEMORY 

The MCM10146/10546 is a 1024 X 1-bit 

RAM. B it selection is ach ieved by means of 

a 10-bit address, AO to A9. 

The active-low ch ip select is provided for 

memory expansion up to 2048 words. 

The operating mode of the RAM (CS input 

low) is controlled by the WE input. With WE 

low, the chip is in the write mode, the output, 

Dout, is low and the data state present at 
Din is stored at the selected address. With WE 
high, the chip is in the read mode and the data 

stored at the selected memory location will be 

presented non-inverted at D out. (See Truth 
Table.) 

• Pin-far-Pin Compatible with the 10415 

• Power Dissipation (520 mW typ @ 25 0 C) 

Decreases with I ncreasing Temperature 

• Typical Address Access of 24 ns 

• Typical Chip Select Access of 4.0 ns 

• 50 kn Pulldown Resistor on Chip Select 
Input 

PIN ASSIGNMENT 

4 

8 

16 

15 

14 

13 

12 

11 

10 

9 

CERAMIC PACKAGE 

CASE 650-03 



MCM 1 0146/MCM 1 0546 

ELECTRICAL CHARACTERISTICS 

-SSoC ooc 

Characteristic Symbol Min Max Min Max 

Power Supply Drain Current lEE - 155 - 150 

Input Current HigH linH - 375 - 220 

Logic "0" Output Voltage VOL -1.970 -1.655 -1.920 -1.66S 

NOTE: -550 C and +1250 C test values apply to MCM105XX only. 

SWITCHING CHARACTERISTICS (Note 1) 

Characteristics 

Read Mode 
Chip Select Access Time 
Chip Select Recovery Time 
Address Access Time 

Write Mode 

Write Pulse Width 
(To guarantee writing) 

Data Setup Time Prior to Write 
Data Hold Time After Write 

Address Setup Time Prior to Write 
Address Hold Time After Write 

Chip Select Setup Time Prior to 
Write 

Chip Select Hold Time After Write 

Write Disable Time 

Write Recovery Time 

Rise and Fall Time 
CS or WE to Output 

Address to Output 

Capacitance 
I nput Capacitance 
Output Capacitance 

Symbol 

tACS 
tRCS 
tAA 

tw 

tWSD 
tWHD 
tWSA 
tWHA 
tWSCS 

tWHCS 
tws 
tWR 

tr. tf 

Cin 
Cout 

MCM10146 

TA = 0 to 
+7SoC, 

VEE = -S.2 Vdc 
± 5% 

Min Max 

2.0 7.0 
2.0 7.0 
8.0 29 

25 

5.0 
5.0 
8.0 
2.0 
5.0 

5.0 
2.8 7.0 
2.8 7.0 

1.5 4.0 

1.5 8.0 

5.0 
8.0 

+2SOC +7SOC +12SoC 

Min Max Min Max Min Max Unit 

- 145 - 125 - 125 mAde 

- 220 - 220 - 220 !lAde 

-1.900 -1.650 -1.880 -1.625 -1.870 -1.545 Vdc 

MCM10546 

TA=-SSto 
+12SoC, 

VEE = -S.2 Vdc 
± 5% 

Min Max 

2.0 8.0 
2.0 8.0 
8.0 40 

25 

5.0 
5.0 
10 
8.0 
5.0 

5.0 
2.8 12 
2.8 12 

1.5 4.0 

1.5 8.0 

5.0 
8.0 

Unit Conditions 

ns Measured at 50% of input 

to 50% of output. 
See Note 2. 

ns tWSA = 8.0 ns. 
Measured at 50% of input 

to 50% of output. 

tw = 25 ns 

ns Measured between 20% and 
80% points. 

pF Measured with a pulse 
technique. 

NOTES: 1. Test circuit characteristics: RT = 50 n, MCM10146; 100 n, MCM10546. CL <; 5.0 pi including jig and stray capacitance. 
For Capacitance Loading <; 50 pF, delay should be derated by 30 ps/pF. 

2. The maximum Address Access Time is guaranteed to be the Worst·Case Bit in the Memory. 
3. For proper use of MECL Memories in a system environment, consult MECL System Design Handbook. 
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® MOTOROLA 
MCM10147/MCM10547 

128 X 1-BIT 
RANDOM ACCESS MEMORY 

AO 

Al 

A2 

A3 

· 3 , . 
'" "0 

4 • 0 
• u ~ .~ 
"0 <D <! 
"0 

~ 

. WE "0:: 12 c , 
<!'" 
~E 

~; Din 
0 11 

;: 

A4 AS A6 

PIN ASSIGNMENT 

16 

15 

14 

13 

12 

11 

AS A6 

N.C. 

The MCM 1047/10547 is a fast 128-word 

X 1-bit RAM. Bit selection is achieved by 

means of a 7-bit address, AO through A6. 
The active-low chip selects and fast chip 

select access time allow easy memory expansion 
up to 512 words without affecting system 

performance. 
The operating mode (CS inputs low) is 

controlled by the WE input. With WE low the 

chip is in the write mode-the output is low and 

the data present at Din is stored at the selected 
address. With WE high the chip is in the read 

mode-the data state at the selected memory 

location is presented non-inverted at D out. 

• . Typical Address Access Time of 10 ns 

•. Typical Chip Select Access Time of 4.0 ns 

• 50 kn Input Pulldown Resistors 
on All Inputs 

• Power Dissipation (420 mW typ @ 25 0 C) 
Decreases with I ncreasing Temperature 

• Similar to F 1 0405 

TRUTH TABLE 

MODE INPUT OUTPUT 

CS' WE Din Dout 

Write "0" L L L L 

Write ." .. L L H L 

Read L H ¢ Q 

Disabled H ¢ ¢ L 

<p 0:: Don't Care. 

~ _LSUFFIX 
CERAMIC PACKAGE CERAMIC PACKAGE 

CASE 650 CASE 620 
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MCM10147/MCM10547 

ELECTRICAL CHARACTERISTICS 

-55°C OOC +250 C 

Characteristic Symbol Min Max Min Max Min Max 

Power Supply Drain Current lEE - 115 - 105 - 100 

I nput Current High linH - 375 - 220 - 220 

_55°C and +1250 C test values apply to Mel 05xx devices only. 

SWITCHING CHARACTERISTICS (Note 1) 

Characteristics 

Read Mode 
Chip Select Access Time 

Chip Select Recovery Time 
Address Access Time 

Mode 
Write Pulse Width 

Data Setup Time Prior to Write 
Data Hold Time After Write 
Address Setup Time Prior to Write 

Address Hold Time After Write 
Chip Select Setup Time Prior to Write 
Chip Select Hold Time After Write 
Write Disable Time 
Write Recovery Time 

Rise and Fall Time 

Capacitance 
I nput Capacitance 

Output Capacitance 

Symbol 

tACS 
tRCS 

tw 

tWSD 
tWHD 
tWSA 
tWHA 
twSCS 
tWHCS 

tws 

2.0 
2.0 
5.0 

8.0 
1.0 
3.0 
4.0 
3.0 
1.0 
1.0 
2.0 
2.0 

1.5 

8.0 
8.0 
15 

8.0 
8.0 

5.0 

5.0 
8.0 

+750 C 

Min Max 

- 95 

- 220 

NOTES: 1. Test circuit characteristics: RT = 50 fl, MCM10147; 100 fl, MCM10547. 
CL < 5.0 pF (including jig and stray capacitance). 
Delay should be derated 30 ps/pF for capacitive load up to 50 pF. 

+1250 C 

Min Max Unit 

- 95 mAde 

- 220 pAdc 

2. The maximum Address Access Time is guaranteed to be the Worst·Case Bit in the Memory. 

Unit 

ns 

ns 

ns 

pF 

Conditions 

Measured from 50% of 
input to 50% of output. 
See Note 2. 

tWSA = ns 
Measured at 50% of input 
to 50% of output. 
tw = 8.0 ns. 

Measured between 20% and 
80% points. 

Measured with a pulse 
technique. 

3. For proper use of MECL Memories in a system environment, consult MECL System Design Handbook. 
*To be determined; contact your Motorola representative for up-to-date information. 
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MCM10148/MCM10548 

AU . 
A1 "5. 

""0 
; ~ A2 6 
-CO 
"ON 
<tl:? 
"0-
1; 
;; 

A3 

PIN ASSIGNMENT 

16 

15 

14 

13 

12 

11 

A3 A5 10 

VEE A4 9 

A4 A5 

12 WE . 
"0::: c , 
<t'" 
~= 
';: IIJ ;;. 

0 13 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 
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64 X 1-BIT 
RANDOM ACCESS MEMORY 

The MCM10148/10548 is a fast 64-word X 

1-bit RAM. Bit selection is achieved by means 

of a 6-bit address, AO through A5. 

The active-low chip selects and fast chip 

select access time allow easy memory expansion 
up to 256 words without affecting system 

performance. 
The operating mode (CS inputs low) is 

controlled by the WE input. With WE low the 
chip is in the write mode-the output is low 

and the data present at Din is stored at the 

selected address. With WE high the chip is 

in the read mode-the data state at the selected 

memory location is presented non-inverted 

at D out. 

• Typical Address Access Time of 10 ns 

• Typical Chip Select Access Time of 4.0 ns 

• 50 k.l1 Input Pulldown Resistors 
on All Inputs 

• Power Dissipation (420 mW tYP @ 25 0 C) 
Decreases with Increasing Temperature 

TRUTH TABLE 

MODE INPUT OUTPUT 

cs' WE Din Dout 

Write "0" L L L L 

Write "1" L L H L 

Read L H <P 0 

Disabled H <P <P L 

·cs '" CS1 + CS2 + CS3 1> = Don't Care. 

CERAMIC PACKAGE 

CASE 650 



MCM10148/MCM10548 

ELECTRICAL CHARACTERISTICS 

_550C DoC +250C +750C +1250C 
Characteristic Svmbol MiniMax MiniMax MiniMax MiniMax MiniMax Unit 

Power Supply Drain Current lEE - 1115 - 1105 -1 100 - J 95 - j 95 mAde 
Input Current High linH - 1375 - 1220 - 1220 - 1220 - 1220 JAAdc 

-5S0C and +12SoC test values apply to MC105xx devices only. 

SWITCHING CHARACTERISTICS (Note 1) 

MCM10148 MCM10548 

TA = 0'0 +750C. TA = -55 'o+1250C. 
VEE = -5.2 Vdc '5% VEE = -5.2 Vdc '5% 

Characteristics Symbol Min Max Min Max Unit 

Read Mode ns 
Chip Select Access Time 'ACS - 7.5 - · 
Ch ip Select Recovery Time 'RCS - 7.5 - · 
Address Access Time 'AA - 15 - · 

Write Mode ns 
Write Pulse Width 'W 8.0 · - -
Data Setup Time Prior to Write 'WSD 3.0 · - -
Data Hold Time After Write 'WHD 2.0 · - -
Address Setup Time Prior to Write 'WSA 5.0 · - -
Address Hold Time After Write 'WHA 3.0 · - -
Chip Select Setup Time Prior to Write 'WSCS 3.0 · - -
Chip Select Hold Time After Write 'WHCS 0 - · -
Write Disable Time 'WS 2.0 7.5 · · Write Recovery Time 'WR 2.0 7.5 · · 

Rise and Fall Time tr,tf 1.5 5.0 · · ns 

Capacitance pF 
I nput Capacitance Cin - 5.0 - · 
Output Capacitance Cout - 8.0 - · 

NOTES: 1. Test circuit characteristics: RT - 50 n. MCM10148; 100 n,MCM10548. 
CL " 5.0 pF (including jig and stray capacitancel 
Delay should be derated 30 ps/pF for capacitive load up to 50 pF. 

2. The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 
3. For proper use of MECL Memories in a system environment, consult MECL System Design Handbook. 

'""To be determined; contact your Motorola representative for up-to-date information. 
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Conditions 

Measured from 50% of 

input to 50% of output. 1 
See Note 2. 

'WSA = 5.0 ns 
Measured at 50% of input 
to 50% of output. 

tw == 8.0 ns. 

Measured between 20% 
and 80% points. 

Measured with a pulse 
technique. 

a 
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MCM10152/MCM10552 

256 X 1-BIT 
RANDOM ACCESS MEMORY 

AQ 

A1 

A2 

A3 

A4 

8 

. 
2 --' . .", 
3 = 8 

~o 
4 

"eN 
«l:1 
"e~ 

~ 9 ;: 

A5 A6 A7 

~ 
"e::: < , 14 
«IX> 
BE 
';: CIII ;:. 

0 13 

WE 

The MCM10152/1 0552 is a 256-word X 1-bit 

RAM. Bit selection is achieved by means of 
an 8-bit address AO through A 7. 

The active-low chip select allows memory 
expansion up to 2048 words. The fast chip 
select access time allows memory expansion 
without affecting system performance. 

The operating mode of the RAM (CS inputs 
low) is controlled by the WE input. With WE 
low the chip is in the write mode-the output 

is low and the data present at Din is stored 
at the selected address. With WE high the chip 
is in the read mode-the data state at the 
selected memory location is presented non
inverted at D out. 

• Typical Address Access Time = 11 ns 

• Typical Chip Select Access Time = 4.0 ns 

• 50 kn Input Pulldown Resistors 
on All Inputs 

PIN ASSIGNMENT 

• Power Dissipation (570 mW typ @ 250 C) 
Decreases with Increasing Temperature 

• Pin-for-Pin Compatible with F10410/10414 

16 

15 

14 

13 

12 

11 

'_LSUFF'X 
CERAMIC PACKAGE 

CASE 620 
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MODE 

Write "0" 

Write "1" 

Read 

Disabled 

TRUTH TABLE 

cs· 

L 

H 

INPUT OUTPUT 

WE Din Dout 

L L L 

H L 

H <I> a 

<I> <I> 

¢J = Don't Care. 

FSUFFIX 
CERAMIC PACKAGE 

CASE 650 



MCM 1 0152/MCM 1 0552 

ELECTRICAL CHARACTERISTICS 

-55°C OOC +250 C +750 C +125 0 C 

Characteristic Symbol Min Max Min Max Min Max Min Max Min Max Unit 

Power Supply Drain Current lEE - 140 - 135 - 130 - 125 - 125 mAde 

Input Current High linH - 375 - 220 - 220 - 220 - 220 ,uAdc 

-5S0C and +12SoC test values apply to MC105xx devices only. 

SWITCHING CHARACTERISTICS (Note 1) 

MCM10152 MCM10552 

TA = 0 to +750 C, TA = -55 to +125 0 C, 
VEE = -5.2 Vdc ,5% VEE = -5.2 Vdc ±5% 

Characteristics Symbol Min Max Min Max Unit Conditions 

Read Mode Measured from 50% of 

Chip Select Access Time tACS 2.0 7.5 · · input to 50% of output. 

Chip Select Recovery Time tRCS 2.0 7.5 · · See Note2. 
Address Access Time tAA 7.0 15 · · 

Write Mode ns tWSA - 5.0 ns 
Write Pulse Width tw 10 - · - Measured at 50% of input 

Data Setup Time Prior to Write twso 2.0 - · - to 50% of output. 
Data Hold Time After Write tWHO 2.0 - - tw = 10 ns. 
Address Setup Time Prior to Write tWSA 5.0 - · -
Address Hold Time After Write tWHA 3.0 - · -
Chip Select Setup Time Prior to Write twscs 2.0 - · -
Chip Select Hold Time After Write tWHCS 2.0 - · -

Write Disable Time tWS' 2.5 7.5 · · 
Write Recovery Time tWR 2.5 7.5 · 

Rise and Fall Time t r , If 1.5 5.0 · · ns Measured between 20% and 
80% points. 

Capacitance pF Measured with a pulse 
I nput Capacitance Cin - 5.0 - · technique. 
Output Capacitance Cout - 8.0 - · 

NOTES. 1. Test CIrCUit characterIStics: RT - 50 n. MCM10152; 100 n. MCM10552. 
CL.( 5.0 pF (including jig and stray capacitance). 
Delay should be derated 30 ps/pF for capacitive load up to 50 pF. 

2. The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 
3. For proper use of MECL Memories in a system environment, consult MECL System Design Handbook. 

"'To be determined; contact your Motorola representative for up-to-date information. 
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MCM10422 

® MOTOROLA 
256 X 4-BIT 

RANDOM ACCESS MEMORY 

PIN ASSIGNMENT 

24 

23 

3 22 

4 21 

20 

19 

18 

17 

16 

10 15 

11 14 

12 13 

PIN DESIGNATION 

651 654 Block Select Inputs 

AD A7 Address Inputs 

Din 1 Din 4 Data Inputs 

Dout 1 Dout 4 Data Outputs 

WE Write Enable Input 

F SUFFIX 
CERAMIC PACKAGE 

CASE 652 

- L SUFFIX 
CERAMIC PACKAGE 

CASE 748 

The MCM10422 is a high speed 1024-bit Read/Write Random 
Access Memory organized 256 words by 4 bits. Four independent 
active-low Block Selects permit use in 1024 x 1 and 512 x 2 bit appli
cations. The device has full address decodi ng on chip, separate data 
inputs. non-inverting data outputs, and an active-low Write Enable. 

The MCM10422 is designed for high speed scratch pad, control, 
cache, and buffer storage applications. The device is available in a 
space-saving 24-pin CERDIP, or in the standard 24-pin flatpack (12 
pins on each sidel. 

• Typical Address Access of 12 ns 

• Typical Power Dissipation of 850 mW 

• Power Dissipation Decreases with Increasing Temperature 

• Fully Compatible with MECL 10,000 

• Operating Temperature Range DoC to 75°C 

• Organized 256 Words by 4 Bits 

• Four Independent Block Selects 

• Emitter'Foliower Outputs Permits Full Wire-OR'ing 

TRUTH TABLE 

MODE INPUT OUTPUT 

BS n WE Din n D out n 

Write "0" L L L L 

Write "'" L L H L 

Read L H </> a 
Block H </> </> L Disabled 

cf> Don't Cara NOTE: Blocks Enable Independently 

We Din 1 8S2 Oout 2 Din 3 aS4 D oUt 4 

AD 
I. 

AI 
14 

A2 
IS 

A' 
IS 

17 
A' 

10 

Vee· Pin 24 
AS A6 A7 

Veeo - Pin 1 
VEE' Pin 12 
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MCM10422 

FUNCTIONAL DESCRIPTION: 

This device is a 256 x 4-bit RAM. Word selection is achieved 

by means of an S-bit address, AO-A7. 

The operating mode of each block (SSn input lowl is con

trolled by the WE input. With WE low, the block is in the write 

mode, the output Dout n is low and the data state present at 

Din n is stored at the selected address in block n. With WE 
high, the block is in the read mode and the data stored at the 

selected memory location will be presented non-inverted at 

Dout n. 

1024 x 1 or 512 x 2-bit RAM. For example, for use as a 

1024 x l-bit RAM tie all Din inputs together to form a single 

Din, wire-OR the Dout lines together to form a single Dout 

line, and drive the Block Selects with a 1-of-4 low decoder. 

The independent, active-low Block Selects and the wire-OR 

capability of the emitter follower outputs permit use as a 

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol VDlue 

Power Supply Voltage IVee = 0) VEE -8 to 0 

Base Input Voltage IVee = 0) Vin o to VEE 
Output Source Current - Continuous 10 < 50 

- Surge < 100 

Junction Operating Temperature TJ < 165 

Storage Temperature Range T 5t9 -55to+150 

De TEST VOL TAGE VALUES 
IVolts) 

Test 
Temperature VIHmax Vilmin VIHAmin VILAmax 

oOe -0.840 -1.870 -1.145 -1.490 

+250 C -0.810 -1.850 -1.105 -1.4 75 
+750 C -0.720 -1.830 -1.045 -1.450 

Package 

L Suffix 

F Suffix 

Unit 

Vde 

Vde 

mAde 

,oe 

°e 

VEE 

-5.2 

-5.2 

-5.2 

OJA (Junction to Ambient) 
DJC 

Blown I Still (Junction to Casel 

35"CiW I 55"CiW 15"CiW 

35"CiW I 52"CiW 10"CiW 

ELECTRICAL CHARACTERISTICS 

Each MECL Memory circuit has been de
signed to meet the de and ae specifications 
shown in the test table, c:fter thermal equi
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500linear fpm is maintained. Outputs 
are terminated through a 50·ohm resistor 
to -2.0 volts. 

MCM10422 Test Limits 

oOe +2SoC +7SoC 

DC Characteristics Symbol Min Max Min Max Min Max Unit Conditions 

Power Supply Drain Current lEE - 200 - 195 - 185 mAde Typ lEE @ 250 e 160 mA 
All outputs and inputs open. 

Measure pin 12. 

Input Current High lin H - 220 - 220 - 220 /-lAde Test one input at a time, all 

other inputs are open. 

Vin ~ VIHlmax) 
Input Current low lin L 0.5 - 0.5 - 0.3 - /-lAdc Test one input at a time, all 

(Block Selects) other inputs are open. 
Input Current Low" IlnL -50 - -50 - -50 - )lAde Vin = VILImin) 
Logic "1" VOH -1000 -0.840 -0.960 -0.810 -0.900 -0.720 Vde Load 50 n to -2.0 V 

Output Voltage 

Logic "0" VOL -1.870 -1.665 -1.850 -1.650 -1.830 -1.625 Vde 
Output Voltage 

Logic "1 ,. VOHA -1.020 - - 0.980 - -0.920 - Vde Threshold testing is performed 
Threshold Voltage and guaranteed on one input at 

Logic "0" VOLA - -1.645 - -1.630 - -1.605 Vde a time. Vin '" VIHAor VILA. 

Threshold Voltage Load 50 II to -2.0 V 

·Mlnlmum limit equals the maXimum negative current the driVing circuitry will be required to sink. 
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MCM10422 

FIGURE 1 - SWITCHING TEST CIRCUIT AND WAVEFORMS 

TESTING CONDITIONS 

AO vee 
A' 
A2 Dinn 

A3 

A4 
MCM10422 

A5 
D OUt n 

A6 

A7 VEE 

O.O'~F f 
-5.2 V -2.e V 

INPUT LEVELS 

INPUT LEVELS 

tr =- tf '" 2.6 n!i Typ. 

All Timing Measurements Referenced to 50% of Input Levels 

CL ~ 5,0 pF including Jig and Stray Capacitance 

RT '" 50 H 

Delay Should be Derated by 30 ps/pF for Capacitive Load 

Up To 50 pF. 

Guaranteed with VEE = -5 2 Vdc + 50% TA = ODC to 75°C (see Note 1) Output Load see Figure 1 

MCM10422 Test Limits 

Characteristic Symbol Min Ma. Unit Conditions 

Read Mode See Figures 2 and 3. 

Block Select Access Time 'ABS - 6.5 n' Measured at 50% of input to 50% of output. 

Block Select Recovery Time 'RBS - 6.0 n, See Note 1. 

Address Access Time 'AA 
- 15.0 n, 

Write Mode See Flgure4. 

Write Pulse Width 'W 15.0 - n, 'WSA = 2.0 ns. 
(To guarantee writing) Measured at 50% of input to 50% of output. 

Data Setup Time Prior to Write 'WSD 1.0 - n, 

Data Hold Time After Write 'WHD 5.0 - n' 
Address Setup Time Prior to Write 'WSA 2.0 - ns tw ='5.0 ns 

Address Hold Time After Write 'WHA 11.0 - n' 

Block Select Setup Time Prior to Write 'WSBS 0.0 - n, 

Block Select Hold Time After Write 'WHBS 0.0 - n, 

Write Disable Time 'WS - 5.0 n, 

Write Recovery Time 'WR - 11.0 n, 

Rise and Fall Time Measured between 20% and 80% points. 

Output Rise and Fall Time tr,tf 1.5 4.0 n' 

Capacitance Measured with a pulse technique. 

Input Lead Capacitance Cin - 8.0 pF 

Output Lead Capacitance Cout - 8.0 pF 

Notes: 

(1) The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 

(2) For proper use of MECL Memories in a system environment, consult: "MECL System DeSign Handbook." 
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MCM10422 

FIGURE 2 - BLOCK SELECT ACCESS TIME 

Block Select Bsn 

E t;{.,,, "" J Oout n 

Data Output 
50% 

FIGURE 3 - ADDRESS ACCESS TIME 

Address Input A )(50% 

l- tAA ---1 
] Oout n ~50% 

Data Output 

FIGURE 4 - WRITE STROBE MODE 

Address I npu, A 50% 

Block Select BSn 

Data Input 

WE 

Oout n 
Data Output 
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® MOTOROLA 

PIN ASSIGNMENT 

4 

6 

Pin Description 

CS Chip Select 

AO-A 11 Address Inputs 

WE Write Enable 

Din Data Input 

Dout Data Output 

18 

17 

16 

15 

14 

13 

12 

" 
10 

l SUFFIX 

F SUFFIX 
CERAMIC PACKAGE 

CASE 747 

CERAMIC PACKAGE 
CASE 726 

MCM10470 
4096 X 1-BIT 

RANDOM ACCESS MEMORY 

The MCM10470 is a4096 bit Read/Write Random Access Memory 
organized 4096 words by 1 bit. Data is selected or stored by means 
of a 12·bit address (AO through A11) decoded on the chip. The chip 
is designed with a separate data in line, a non·inverting data output, 
and an active-low chip select. 

This device is designed for use in high-speed scratch pad, control, 
cache and buffer storage applications. 

• Fully Compatible with MECL 10,000 

• Pin·for-Pin Compatible with the Industry's Standard 10470 

• Temperature Range of 0 0 to 750 C 

• Emitter-Follower Output Permits Full Wire·ORing 

• Power Dissipation Decreases with Increasing Temperature 

• Typical Address Access of 25 ns 

• Typical Chip Select Access of 10 ns 

TRUTH TABLE 

MODE INPUT 

CS WE Din 

Write "0" L L L 

Write "1" L L H 

Read L H <P 

Disabled H <P <P 

tP '" Don't Care, 

AO 

3 
~ Al 
~ = 

4 "0"0 
"0 0 

A2 <I ~ 

A3 
"00 
0";:: 
~:t 

A4 
,. , 
~CD 

A5 

A6 A7 AS A9 Al0 All 
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OUTPUT 

Dout 

L 

L 

a 
L 

15 

17 

VEE '" Pln9 
Vee"" Pin 18 



MCM10470 

FUNCTIONAL DESCRIPTION: 
This device is a 4096 x l·bit RAM. Bit selection is achieved by 

means of a 12·bit address, AO to All. 
The active·low chip select is provided for memory expansion. 
The operating mode of the RAM ~input low) is controlled by 

the WE input. With WE low, the chip is in the write mode, the out
put, Dout, is low and the data state present at Din is stored at the 
selected address. With WE high, the chip is in the read mode and the 
data stored at the selected memory location will be presented non· 
inverted at Dout. (See Truth Table) 

ABSOLUTE MAXIMUM RATINGS 
Rating Symbol Value 

Power Supply Voltage IVee = 01 VEE ·7.0toO 

Base Input Voltage IVee - 01 Vin o to VEE 

Output Source Current - Continuous 10 < 50 
- Surge < 100 

Junction Operating Temperature TJ < 165 

Storage Temperat.ure Range Tstg -55 to +150 

DC TEST VOLTAGE VALUES 
IVo1t11 

Tilt 
Tlmper.tur. VIHmlx VILmln VIHAmin VILAmax 

OOC -0.840 -1.B70 -1.145 -1.490 

+2Soe -0.Bl0 -1.B50 -1.105 -1.4 75 

+750e -0.720 -1.B30 -1.045 -1.450 

Unit 

Vdc 

Vdc 

mAde 

°e 

°e 

VEE 

-5.2 

-5.2 

-5.2 

ELECTRICAL CHARACTERISTICS 
Each MEeL Memory circuit has been de· 
Signed to meet the de and ae specifications 
shown in the test table, after thermal equi· 
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor 
to -2.0 volts. 

MCM10470 Test Limits 

OoC +250 C +750 C 

DC Characteristics Symbol Min Max Min Max Min Max Unit Conditions 

Power Supply Drain Current lEE - 200 - 195 - 185 mAde Typ lEE @ 25°C - 160 rnA. 
All outputs and inputs open. 
Measure pin 9. 

Input Current High lin H - 220 - 220 - 220 ~Adc Test one input at a time, all 
other inputs are open. 

Yin = VIHlmaxl· 
Input Current Low lin L 0.5 - 0.5 - 0.3 - ~Adc Test one input at a time, all 

Chip Select other inputs are open. 
Input Current Low· lin L -50 - -50 - -50 - ~Adc Yin = VI Llmin)· 

Logic "'" VOH -1.000 -0.840 -0.960 -0.810 -0.900 -0.720 Vdc Load 50 n to -2.0 V 
Output Voltage 

Logic "a .. VOL -1.870 -1.665 -1.850 -1.650 -1.830 -1.625 Vdc 
Output Voltage 

Logic "'" VOHA -1.020 - -0.980 - -0.920 - Vdc Threshold testing is performed 
Threshold Voltage and guaranteed on one input at 

Logic "0" VOLA - -1.645 - -1.630 - -1.605 Vdc a time. Vin:: VIHA or VILA· 

Threshold Voltage Load 50 n to -2.0 V. 

10-25 

CI 



t 

MCM10470 

FIGURE 1 - SWITCHING TEST CIRCUIT AND WAVEFORMS 

TESTING CONDITIONS 

AO 

AI 

A2 

A3 

A4 

A5 
MCMI0470 Dout 

A6 

A7 

AS 

A9 

AIO 

All 

0.01 IJ.F 

-2.0 V 

INPUT LEVELS 

INPUT LEVELS 

tr = tf = 2,6 ns Typ. 

All Timing Measurements Referenced to 50% of Input Levels 

CL '" 5.0 pF including Jig and Stray Capacitance 

RT ·50 n 
Delay Should be Derated by 30 ps/pFfor Capacitive Loading 

Up To 50 pF. 

Guaranteed with VEE;;; -5 2 Vdc'" 5 0% TA = oOe to 75°C (see Note 1) Output Load see Figure 1 -
MCM10470 Test Limits 

Characteristic Symbol Min Max Unit Conditions 

Read Mode See Figures 2 and 3. 

Chip Select Access Time 'ACS - 15 ns Measured at 50% of input to 50% of output. 

Chip Select Recovery Time tACS - 15 ns 

Address Access Time tAA - 35 ns 

Write Mode See Figure 4. 

Write Pulse Width tw 25 - ns tWSA = B.O ns. 
(To guarantee writing) Measured at 50% of input to 50% of output. 

Data Setup Time Prior to Write tWSD 5.0 - ns 

Data Hold Time After Write tWHO 5.0 - ns 

Address Setup Time Prior to Write tWSA 10 - ns tw = 25 ns 

Address Hold Time After Write tWHA 5.0 - ns 

Chip Select Setup Time Prior to Write twscs 5.0 - ns 

Chip Select Hold Time After Write tWHCS 5.0 - ns 

Write Disable Time tws - 15 ns 

Write Recovery Time tWA - 20 ns 

Rise and Fall Time Measured between 20% and 80% points. 

Output Rise and Fall Time tr·tf - 4.0 ns 

Capacitance Typ Measured with a pulse technique. 

Input Lead Capacitance Cin 4.0 pF 

Output Lead Capacitance Cout 7.0 pF 

Notes: 

(1) The maximum Address Access Time is guaranteed to be the Worst·Case Bit in the Memory. 
(2) For proper use of MECL Memories in a system environment. consult: "MECL System Design Handbook." 
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MCM10470 

FIGURE 2 - CHIP SELECT ACCESS TIME 

Oata Output 

~~---tA-c'""5 ~ .... R_CS ___ _ 

FIGURE 3 - ADDRESS ACCESS TIME 

Address Input A 

Oout 

Data Output 

FIGURE 4 - WRITE STROBE MODE 

Address Input A 50% 

Chip Select CS 

Data Input Din 

C) 
Write Enable WE 

Data OutPut °out 
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® MOTOROL.A MCM1 0139/MCM1 0539 
32 x 8-BIT PROGRAMMABLE 

READ-ONLY MEMORY 

-
16 

2 15 

3 14 

4 13 

5 12 
L SUFFlx F SUFFIX 11 6 

CERAMIC PACKAGE CERAMIC PACKAGE 
CASE 620 

10 
CASE 650 

8 9 

o Typical Address Access Time = 15 ns 

o Typical Chip Select Access Time = 10 ns 
The MCM10139/10539 is a 256-bit field 

programmable read only memory (PROM). 

Prior to programming, all stored bits are at 

logic 0 (low) levels_ The logic state of each bit 

can then be changed by on-chip programming 

circuitry. The memory has a single negative 
logic chip enable_ When the chip is disabled 

(CS = high), all outputs are forced to a logic 0 
(low)_ 

.. 50 kn Input Pulldown Resistors on all inputs 

AO 10 

Al11 

A2 12 

A3 13 

A4 14 

Input 

Oecoder 

o Power Dissipation (520 mW typ @ 25 0 C) 

Decreases with Increasing Temperatu re 

BLOCK DIAGRAM 

32 x 8 

Array and 

Associated Drivers 

CS 15 ------------------------~--r_~~+_--._1_--.__r--~_r--~_+--~_+--, 

07 

7 

06 05 04 
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MCM1 0139/MCM 1 0539 

ELECTRICAL CHARACTERISTICS 

-55°C _OoC +250 C +750 C +1250C 

Characteristic Symbol Min Max Min Max Min Max Min Max Min Max Unit 

Power Supply Drain Current lEE - 160 - 150 - 145 - 140 - 160 mAdc 

Input Current High linH - 450 - 265 - 265 - 265 - 265 /lAdc 

Logic "0" Output Voltage VOL Vdc 
MCM10139 - - -2.010 -1.665 -1.990 -1.650 -1.970 -1.625 - -
MCM10539 -2.060 -1.655 - - -1.990 -1.620 - - -1.960 -1.545 

SWITCHING CHARACTERISTICS (Note 1) 
MCM10139 MCM10539 

(VEE - -5.2 Vdc ±5%; (VEE = -5.2 Vdc ± 5 %; 
Characteristic Symbol T A = OOC to +750 C) T A = -55°C to + 125°C) Conditions 

Chip Select Access Time tACS 15 ns Max * 
Chip Select Recovery Time tRCS 15 ns Max * Measured from 50% of input to 50% 

Address Access Time tAA 20 ns Max * 
of output. See Note 2 

Rise and Fall Time t r• tf 3.0 ns Typ . Measured between 20% and 80% points. 

Input Capacitance Cin 5.0 pF Max * 
Output Capacitance Cout 8.0 pF Max * 

Measured with a pulse technique. 

NOTES: 1. Test circuit characteristics: RT co 50 n, MCM 1 0139: lOOn, MCM 1 0539. CL ~ 5,0 pF including jig and stray capacitance. 

For Capacitance Loading ~50 pF, delay should be derated by 30 ps/pF. 

2. The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 
3. For proper use of MECL Memories in a system environment, consult MECL System Design Handbook. 

-To be determined; contact your Motorola representative for up-tO-date information. 
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MCM10139/MCM10539 

FIGURE 1 - MANUAL PROGRAMMING CIRCUIT 

+6.8 V 0.0 V 

Program 1 Verify 

-O.B V 

"1" 
Address 

"0" ....---0" 

VEE 
-5.2 V 

Open 
CE 

16 

8 

VEE 
-5.2 V 

(Momentary) 

Outputs 

'-----.r--' 
VEE 

-5.2 V 

+15 V 

3k 

""c)-..... -() Test 
Point 

460 n 

VEE 
-5.2 V 

7.5 k 
(All Outputs) 

FIGURE 2 - AUTOMATIC PROGRAMMING CIRCUIT 

Address ..J 

I 

u 

I 

U 
I 

tl~-~L 

I 
It!---~L 

foot-------------- < 1 Second -------------~ 
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MCM 1 0139/MCM 1 0539 

RECOMMENDED PROGRAMMING PROCEDURE* 

The MCM10139 is shipped with all bits at logical "0" (low). To write logical "ls", proceed as follows. 

MANUAL (See Figure 1) 

Step 1 Connect VEE (Pin 8) to -5.2 V and VCC (Pin 16) to 
0.0 V. Address the word to be programmed by applying 

-1.2 to -0.6 volts for ~ logic "1" and -5.2 to -4.2 volts for a logic 

"0" t.o the appropriate address inputs. 

Step 2 Raise VCC (Pin 16) to +6.8 volts. 

Step 3 After Vee has stabilized at +6.8 volts (including any 
ringing which may be present on the Vee lineL apply 

a current pulse of 2.5 rnA to the output pin corresponding to the 

bit to be programmed to a logic "1 ". 

Step 4 Return VCC to 0.0 Volts. 

CAUTION 
To prevent excessive chip temperature rise, Vee should not 
be allowed to remain at +6.8 volts for more than 1 second. 

Step 5 Verify that the selected bit has programmed by con-
necting a 460 n resistor to -5.2 volts and measuring 

the voltage at the output pin. If a logic "1" is not detected at the 

output, the procedure should be repeated once. During verification 

VIH should be -1.0 to -0.6 volts. 

Step 6 If verification is positive, proceed to the next bit to 

be programmed. 

AUTOMATIC (See Figure 2) 

Step 1 Connect VEE (Pin 8) to -5.2 volts and VCC (Pin 161 
to 0.0 volts. Apply the proper address data and raise Vee 

(Pin 161 to +6.8 volts. 

Step 2 After a minimum delay of 100 J.1S and a maximum delay 

of 1.0 ms, apply a 2.5 rnA current pulse to the first bit to 

be programmed 10.1 .;; PW';; 1 msl. 

Step 3 Repeat Step 2 for each bit of the selected word specified 

as a logic "1". (Program only one bit at a time. The delay 

between output programming pulses should be equal to or less than 

1.0 ms.l 

Step 4 After all the desired bits of the selected word have been 

programmed, change address data and repeat 

Steps 2 and 3. 

NOTE: If all the maximum times listed above are maintained, the 

entire memory will program in less than 1 second. Therefore, it 

would be permissible for Vee to remain at +6'.8 volts during the 

entire programming time. 

Step 5 After stepping through all address words, return Vee to 
0.0 volts and verify that each bit has programmed. If one 

or more bits have not programmed, repeat the entire procedure 

once. During verification VIH should be -1.0 to -0.6 volts. 

-NOTE: For devices that program incorrectly-return serialized units with individual truth tables. Noncompliance voids warranty. 

PROGRAMMING SPECIFICATIONS 

Limits 

Characteristic Symbol Min Typ Max Units Conditions 

Power Supply Voltage VEE -5.46 -5.2 -4.94 Vdc 

To Program VCCP +6.04 +6.8 +7.56 Vdc 

To Verily VCCV 0 0 0 Vdc 

Programming Supply Current ICCp - 200 600 mA VCC = +6.8 Vdc 

Address Voltage VIH Program -1.2 - -0.6 Vdc 

Logical "1" VIH Verily -1.0 - -0.6 Vdc 
Logical "0" VIL -5.2 - -4.2 Vdc 

Maximum Time a~ Vee Vccp - - 1.0 sec 

Output Programming Current lOp 2.0 2.5 3.0 mAde 

Output Program Pulse Width to 0.5 - 1.0 ms 

Output Pulse Rise Time - - - 10 !,s 

Programming Pulse Delay (1) 

Following VCC change td 0.1 - 1.0 ms 

Between Output Pulses td1 0.01 - 1.0 ms 

NOTE 1. Maximum is specified to minimize the amount of time Vee is at +6.8 volts. 
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® MOTOROLA 

PIN ASSIGNMENT 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

A3 9 

A410 

MCM10149lMCM10549 
256 X 4-BIT PROGRAMMABLE 

READ-ONLY MEMORY 

The MCM1 0149/1 0549 is a 256-word X 4-bit 

field programmable read only memory (PROM). 

Prior to programming, all stored bits are at logic 

1 (high) levels. The logic state of each bit 

can then be changed by on-chip programming 
circuitry. The memory has a single negative 

logic chip enable. When the chip is disabled 

(CS = high), all outputs are forced to a logic 

o (low). 

• Typical Address Access Time of 20 ns 

• Typical Chip Select Access Time of 8.0 ns 

• 
• 

50 krl Input Pulldown Resistors 

on All Inputs 

Power Dissipation (540 mW typ @ 25 0 C) 

Decreases with Increasing Temperature 

Input 
Decoder 

32 x 32 
Array and 

Associated Drivers 

Output 

Decoder r-----t-----' 

CS13-------------------------~-----~+_---~J_----__ 

F SUFFIX 
CERAMIC PACKAGE 

CASE 650 
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MCM10149/MCM10549 

ELECTRICAL CHARACTERISTICS 

-55°C DoC +250 C +750 C +1250 C 

Characteristic Symbol Min Max Min Max Min Max Min Max Min Max Unit 

Power Supply Drain Current lEE 140 135 130 125 125 mAdc 

Input Current High linH 450 265 265 265 1265 !lAdc 

_55°C and +12SoC test values apply to MC105xx devices only. 

SWITCHING CHARACTERISTICS (Note 1) 

MCM10149 MCM10549 

TA =0 to +750 C, TA - -55 to +1250 C, 
VEE = -5.2 Vdc ± 5% VEE = -5.2 Vdc ± 5% 

Characteristics Symbol Min Max Min Max Unit Conditions 

Read Mode ns Measured from 50% of 
Chip Select Access Time tACS 2.0 10 * * input to 50% of output. 
Chip Select Recovery Time tRCS 2.0 10 * * See Note 1. 
Address Access Time tAA 7.0 25 * * 

Rise and Fall Time t"tf 1.5 7.0 . * ns Measured between 20% 
and 80% points. 

Capacitance pF Measured with a pulse 
Input Capacitance Cin - 5.0 - 5.0 technique. 
Output Capacitance Cout - B.O - B.O 

-NOTES. 1. Test CirCUit charactemtlcs. RT 50 n, MCM10149, 100 n, MCM10549. 
CL" 5.0 pF (including jig and stray capacitance) 
Delay should be derated 30 ps/pF for capacitive load up to 50 pF 

2. The maximum Address Access Time is guaranteed to be the Worst·Case Bit in the Memory. 
3. For proper use of MECL Memories in a system environment, consult MECL System Design Handbook. 
4. VCP = Vee = Gnd for normal operation. 

*To be determined; contact your Motorola representative for up-to-date information. 

PROGRAMMING THE MCM10149 t 

During programming of the MCM1 0149, input 

pins 7, 9, and 10 are addressed with standard 

M ECl 10K logic levels. However, during program· 

ming input pins 2, 3, 4, 5, and 6 are. addressed 

with 0 V .;; VIH .;; + 0.25 V and VEE';; Vil .;; 
-3.0 V. It should be stressed that this deviation 

from standard input levels is required only during 

the programming mode. During normal operation, 

standard MECl 10,000 input levels must be used. 

With these requirements met, and with VCP = 

VCC = 0 V and VEE = - 5.2 V ± 5%, the address 
is set up. After a minimum of 100 ns delay, VCP 
(pin 1) is ramped up to + 12 V ± 0.5 V (total 

voltage VCP to VEE is now 17.2 V, + 12 V -
[-5.2 Vl). The rise time of this VCP voltage 

pulse should be in the 1-10 ps range, while its 

pulse width (tw 1) should be greater than 100 ps 

but less than 1 ms. The V CP supply current at + 12 
V will be approximately 525 mA while current 

drain from V CC will be approximately 175 mAo A 
current limit should therefore be set on both of 

these supplies. The current limit on the VCP 

supply should be set at 700 mA while the V CC sup· 

ply should be limited to 250 mAo It should be 

noted that the VEE supply must be capable of 

sinking the combined current of the VCC and 

V CP supplies while maintaining a voltage of 
-5.2 V ± 5%. 

Coincident with, or at some delay after the 

V CP pulse has reached its 100% level, the desired 

bit to be fused can be selected. This is done by 

taking the corresonding output pin to a voltage 

of + 2.85 V ± 5%. It is to be noted that only one bit 
is to be fused at a time. The other three unselected 

outputs should remain terminated through their 

50 ohm load resistor (100 ohm for MCM10549) 

to -2.0 V. Current into the selected output is 
5 mA maximum. 

After the bit select pulse has been applied to 

the appropriate output, the fusing current is 

sourced out of the chip select pin 13. The 0% to 

100% rise time of this current pulse should be 

250 ns max. Its pulse width should be greater than 
100 ps. Pulse magnitude is 50 mA ± 5.0 mAo The 

voltage clamp on this current source is to 
be -6.0 V. 

After the fusing current source has returned 

o mA, the bit select pulse is returned to it initial 

level, i.e., the output is returned through its load 

to -2.0 V. Thereafter, VCP is returned to 0 V. 

Strobing of the outputs to determine success in 

programming should occur no sooner than 

100 ns after V CP has returned to 0 V. The reo 
maining bits are programmed in a similar fashion. 

t NOTE: For devices that program incorrectly, return serialized units with Individual truth tables. 
Non compliance voids warranty. 

11-8 



MCM10149/MCM10549 

PROGRAMMING SPECIFICATIONS 
The following timing diagrams and fusing 

information represent programming specifications 
for the MCM10149. 

Vee =- Pin 16 =- 0 V 
VEE'" Pin 8 '" -5.2 V ±5% __ +12 V 

~-:':O.5V 

Vep ~ P;n 1 ",J I I '--OV 

Selected Output Open 

Pin (11.12.14or 15) 

'01 

+2.85 V 
± 5% 

.-_---,+ ___ 50 rnA 

:+:5mA 

'Chip Select Pin 13 a mA---+-' 

The timing diagram is shown for programming 
one bit. Note that only one bit is blown at a time. 

All addressing must be done 100 ns prior to the 

beginning of the VCP pulse, i.e., VCP = 0 V. 
Likewise, strobing of the outputs to determine 

success in programming should occur no sooner 

than 100 ns after VCP returns to 0 V. 

Note that the fusing current is defined as 
a positive current out of the chip select, pin 13. 

A programming duty cycle of .;; 15% is to be 

observed. 
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Definitions and values of timing symbols are 

as follows. 

Symbol Definition Value 

trl Rise Time, ;;'lJ.Ls 
Programming Voltage 

twl Pulse Width, ;;. 100 J.Ls < 1 ms 
Programming Voltage 

tDl Delay Time, 
Programming Voltage 

Pulse to Bit 

Select Pu Ise 

tw2 Pulse Width, Bit Select 

tD2 Delay Time, Bit Select 
Pulse to Programming 

Voltage Pulse 

tD3 Delay Time, Bit Select 

Pulse to Programming 

Cu rrent Pu Ise 

tr3 Rise Time, Programming 
Current Pulse 

tw3 Pulse Width, 
Programming 

Current Pulse 

tD4 Delay Time, 
Programming Current 

Pulse to Bit 

Select Pulse 

;;'0 

;;. 100 J.Ls 

;;'0 

;;. 1 J.Ls 

250 ns max 

;;. 100 J.Ls 

;;. 1 J.Ls 



MCM10149/MCM10549 

MANUAL PROGRAMMING CIRCUIT 

+5 V +5 V 

12 k 0.05/lF 8.2 k 

0.005/lF 

+5 V 

Verify 
1/6 MC7406 

( Momentary) 

1 

680~ 

112 
MC8602 

Co 
P rogr am '-----'r-----' 

+5 V 
Enable +5 V 

~ 

J2o"1-
/lS 

Delay 

100 

+5 V -12 V 

+12.5 V 

Q 

1/2 
MC8602 

Cp 
Q 

510 

Enable 
Current 

Pulse 

~ 
> 100 /lS 

lN914 

(-6 V Clamp) 

510 

-5.2 V 

-5.2 V 

lN914 
or Equiv. 

,-------1>--0+5 V 

1/4 
MC7438 

,--.... ---, Lim it 

1.0 
180 n, 1/2 W 

51 n, 112 W lN914 

+5 V o--'WIr-..... --... o!---..... ----... 

1.0 k 
-5.2 V 5 

'"O--4~---<>-~ A6 
1.0 k 

-5.2 V 6 
A5 

1.0 k 
-5.2 V 10 

A4 
1.0 k 

1/4 MC7438 240 

180 

13 

cs 

11 
D3r--o----.----<~ 

12 

02 

-5.2 V 9 
MCM101491 

680 
-5.2 V 

1.0 k 
-5.2 V 3 

1.0 k 
-5.2 V 2 

1.0 k 
-5.2 V 4 

1.0 k 
-5.2 V 

A3 
10549 

A2 

14 
01 

15 

680 
-5.2 V 

oOr--o~---,----o 

16 
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680 
-5.2 V 

Rotary SW 

150 

C 
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MECHANICAL DATA 

The packaging availability for each device is indicated on the individual data sheets. Dimensions for 
the packages are given in this section. 

-------------------1~PINPACKAGES-------------------

NOTES: 
1. LEADS WITHIN 0.13 mm 

(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L" TO 
CENTER OF LEAOS 
WHEN FORMEO 
PARALLEL. 

PLASTIC PACKAGE 

CASE 646 

3. DIMENSION "B" DOES NOT 
INCLUDE MOLD flASH. 

4. ROUNDED CORNERS OPTIONAL. 

DIM 
A 
B 
C 
D 
F 
G 
H 
J 
K 
L 
M 
N 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
18.16 19.56 0.715 0.770 
6.10 6.60 0.240 0.260 
4.06 5.08 0.160 0.200 
0.38 0.53 0.015 0.021 
1.02 1.78 0.040 0.070 

2.54 Bse 0.100Bse 
1.32 I 2.41 0.052 0.095 
0.20 I 0.38 0.008 I 0.015 
2.92 I 3.43 0.115 10.135 

7.62 Bse 0.300 Bse 
00 100 00 100 

0.51 I 1.02 0.020 I 0.040 

CASE 646-05 

------------------16-PIN PACKAGES ----------

FRIT-SEAL CERAMIC PACKAGE 

CASE 620 

t 
B 

.-.1 

1. LEADS WITHIN 0.13 mm (0.005) RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION. 

2. PACKAGE INDEX: NOTCH IN LEAD 
NOTCH IN CERAMIC DR INK DOT. 

3. DIM "L"TO CENTER OF LEADS WHEN 
FD RMED PARALLEL. 

4. DIM "A" AND "B" DO NOT INCLUDE 
GLASS RUN·OUT. 

5. DIM "F" MAY NARROW TO 0.76 mm 
(0.030) WHERE THE LEAD ENTERS 
THE CERAMIC BODY. 
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DIM 
A 
B 
C 
0 
F 
G 
H 
J 
K 
L 
M 
N 

MI LliMETERS INCHES 
MIN MAX MIN MAX 
19.05 19.94 0.750 0.785 
6.10 7.49 0.240 0.295 
- 5.08 - 0.200 

0.38 0.53 0.015 0.021 
1.40 1.78 0.055 0.070 

2.54 BSC 0.100 BSC 
0.51 1.14 0.020 0.045 
0.20 0.30 O.OOB 0.012 
3.1B 4.32 0.125 0.170 

7.62 BSC 0.300 BSC 
- 150 150 

0.51 1.02 0.020 0.040 

CASE 620-08 



MECHANICAL DATA (Continued) 

--------16-PIN PACKAGES (Continued)--------

PLASTIC PACKAGE 

CASE 648 

f;:::::::U ~ 
I v v v ~:~v v V",,\ OPTIONAL LEAD I--- A -------1 CONFIG. (1,8,9,& 16) 

~TE5 r,L~ 

~'---M~m~~~·· \ ~1 ~ 
JH~ ~ G L_ JLD SkATING K --ILJ M L 

NOTES: 
1. LEADS WITHIN 0.13mm 

(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L" TO 
CENTE R 0 F LEADS 
WHEN FORMED 
PARALLEL. 

PLANE 

3. DIMENSION "B" ODES NOT 
INCLUDE MOLD FLASH. 

4. "F" DIMENSION IS FOR FULL 
LEADS. "HALF" LEADS ARE 
OPTIONAL AT LEAD POSITIONS 
1,8,9,and 16). 

5. ROUNDED CORNERS OPTIONAL. 

CERAMIC PACKAGE 

CASE 690 

[[ ] ]J 
~A~ 

NOTES: 
1. A AND ·B· ARE DATUMS. 
2. T· IS SEATING PLANE 
3. POSITIONAL TOLERANCE FOR LEADS (0). 

I-$-I fi 0.25 (O.olo)@1 TI A 81 B (M) I 

4. DIMENSION L TO GENTER OF LEADS 
WHEN FORMED PARALLEL. 

5. DIMENSIONING AND TDLERANGING 
PER ANSI YI4.5, 1973. 

6.690·11 AND 690·12 OBSOLETE. 
NEWSTANDARD 690·13. 
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MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 18.80 21.34 0.740 0.840 
B 6.10 6.60 0.240 0.260 

r-~- 4.06 5.08 0.160 0.200 
0 0.38 0.53 0.015 0.021 
F 1.02 1.78 0.040 0.070 
G 2.54 BSC 0.100 BSC 
H 0.38 2.41 0.015 0.095 
J 0.20 0.38 0.008 0.015 
K . 2.92 3.43 0.115 0.135 
L 7.62 BSC 0.300 BSC 
M 00 100 00 100' 
N' 0.51 1.02 0.020 0.040 

CASE 648-05 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 20.07 20.57 0.790 0.810 
B 7.11 7.62 0.280 0.300 
G 2.67 4.19 0.105 0.165 
0 0.38 0.53 0.015 0.021 
F 0.76 1.52 0.030 0.060 
G 2.54 BSG 0.100 BSG 
H 0.76 1.78 0.030 0.070 
J 0.20 0.30 0.008 0.012 
K 3.18 5.08 0.125 0.200 
L 7.62 BSG 0.300 BSG 
M - 100 - 100 
N 0.38 1.52 0.015 I 0.060 

CASE 690-13 



MECHANICAL DATA (Continued) 

----------18-PIN PACKAGES----------

NOTES: 
1. LEADS WITHIN 0.13 mm (0.005) RAD OF 

TRUE POSITION AT SEATING PLANE AT 
MAXIMUM MATERIAL CONDITION. 

2. DIMENSION "L" TO CENTER OF LEAD~ 
WHEN FORMED PARALLEL. 

CERAMIC PACKAGE 

CASE 680 

PLASTIC PACKAGE 

CASE 707 

r,=L=J 

-~7-! f3\ --H--D I· J I--
SEATING PLANE --J M --\ 

NOTES: 

1. POSITIONAL TOLERANCE OF LEADS (D), 
SHALL BE WITHIN 0.25mm(0.010) AT 
MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE 
MOLD FLASH. 
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DIM 
A 
B 
C 
0 
F 
G 
H 
J 
K 
L 
M 
N 

DIM 
A 
B 
C 
0 
F 
G 
H 
J 
K 
L 
M 
N 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

22.48 23.24 0.885 0.915 
7.16 7.75 0.282 0.305 
3.18 4.27 0.125 0.168 
0.38 0.58 0.015 0.023 
0.76 1.52 0.030 0.060 

2.54 BSC 0.100 BSC 
1.02 1.52 0.040 0.060 
0.20 0.30 0.008 0.012 
2.68 4.44 0.105 0.175 
7.37 7.87 0.290 0.310 
- 100 - 100 

0.38 1.40 0.015 0.055 

CASE 680-06 

MILLlM~TERS INCHES 
MIN MAX MIN MAX 

22.22 23.24 0.875 0.915 
6.10 6.60 0.240 0.260 
3.56 4.57 0.140 0.180 
0.36 0.5b 0.014 0.022 
1.27 1.78 0.050 0.070 
2.54 BSC 0.100 BSC 

1.02 1.52 0.040 0.060 
0.20 0.30 0.008 0.012 
2.92 3.43 0.115 0.135 

7.62 Bse 0.300 BSC 
00 15 0 00 150 

0.51 1.02 0.020 0.040 

CASE 707-02 



MECHANICAL DATA (Continued) 

--------18-PIN PACKAGES (Continued)--------

FRIT-SEAL CERAMIC PACKAGE 

CASE 726 

B 

~=!""""F=<-e=rF=rF=t--.=n~~ 

L]-,] 

NOTES: 
2. OIM "L" TO CENTER OF 

LEAOS WHEN FO RMEO 
PARALLEL. 

1. LEAOS, TRUE POSITIONEO 
WITHIN 0.25 mm (0.0101 OIA. 
AT SEATING PLANE,AT 
MAXIMUM MATERIAL 
CONOITION. 

3. OIM "A" & "B" INCLUOES 
MENISCUS. 

NOTES: 
1. ·A·, -8-, AND ·T· ARE DATUMS. 
2. ·T·IS SEATING PLANE. 
3. LEADS POSITIONAL TOLERANCE. 

1"$"10.13 (0.0051 (M) I TIA (M) I B @I 
4. DIMENSIONING AND TOLERANCING 

PER ANSI Y14.5, 1973. 

CERAMIC PACKAGE 

CASE 747 
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DIM 
A 
B 
C 
0 
F 
G 

H 
J 
K 
L 
M 
N 

DIM 

A 
B 
C 
0 
F 
G 
J 
K 
N 

MILLIMETERS lNCHES 
MIN MAX MIN MAX 
22.35 23.11 0.880 0.910 
6.10 7.49 0.240 0.295 
- 5.08 - 0.200 

0.38 0.53 0.015 0.021 
1.40 1.78 0.055 0.070 

2.54 BSC 0.100 BSC 
0.51 1.14 0.020 0.045 
0.20 0.30 0.008 0.012 
3.18 4.32 0.125 0.170 

7.62 BSC 0.300 BSC 
00 I 15° 00 I 15° 

0.51 1.02 0.020 I 0.040 

CASE 726-04 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

- 11.43 - 0.450 
9.14 9.91 0.360 0.390 
1.52 2.03 0.060 0.080 
0.41 0.46 0.016 0.018 
- 0.25 - 0.010 
1.27 BSC 0.050 BSC 

0.10 0.15 0.004 0.006 
- 7.75 0.305 
- 0.89 - 0.035 

CASE 747-01 

I 

4 



MECHANICAL DATA (Continued) 

--------18-PIN PACKAGES (Continued)--------

NOTES: 
1. DIMENSIONS A AND L ARE DATUMS. 
2.m1S GAUGE PLANE. 
3. POSITIONAL TOLERANCE 

FOR TERMINALS (D): 18 PLACES 
1.10.25 (0.010)@ITIA®IL®1 

4. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 

r 

NOTES: 
1. DIMENSIONS A AND L ARE DATUMS. 
2. ill IS GUAGE PLANE. 
3. POSITIONAL TOLERANCE FOR 

TERMINALS (D): 18 PLACES 
1.10.25 (0.010) ® I TIA® I L® I 

4. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 

CERAMIC CHIP CARRIER PACKAGE 

CASE 752 

DIM 

CERAMIC CHIP CARRIER PACKAGE 

CASE 752A 

F 

A 
B 
C 
D 
F 
G 
H 
L 
N 
R 

DIM 
A 
B 
C 
D 
F 
G 
H 
L 
N 
R 
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MILLIMETERS INCHES 
MIN MAX MIN MAX 

8.64 9.27 0.340 0.365 
7.62 8.89 0.300 0.350 
1.27 2.03 0.050 0.080 
0.25 0.89 0.010 0.035 
2.41 2.67 0.095 0.105 

1.27 BSC 0.050 BSC 
1.02 1.52 0.040 0.060 
6.98 7.62 0.275 0.0300 
1.27 1.78 0.050 0.070 
6.48 7.11 0.255 0.280 

CASE 752-02 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

11.81 12.45 0.465 0.490 
11.18 11.68 0.440 0.460 
1.27 2.03 0.050 0.080 
0.25 0.89 0.010 0.035 
2.41 3.05 0.095 0.120 
1.278Se 0.050 BSC 

0.89 1.52 0.035 0.060 
7.11 7.75 0.280 0.305 
1.27 1.78 0.050 0.070 
6.35 6.86 0.250 0.270 

CASE 752A-Ol 



MECHANICAL DATA (Continued) 

_________ 22-PIN PACKAGES---------

22 

111 \ \. 

I. NOTE 3 

A 

12 

11 

CERAMIC PACKAGE 

CASE 677 

1 
B 

t 

• t--- L-----1 

\flMf\MMMt~\~m~' A 
II '\ i SEATING PLANE i 'V 

--l -- 0 -- G I--- --l H l-- K --t M 

NOTES: 
1. LEADS WITHIN 

0.13 mm (0.005) 
RADIUS OF TRUE 
POSITION AT 
MAXIMUM 
MATERIAL 
CONDITION. 

Hi-- ~IGI--

NOTES: 

A 

2. DIMENSION "L" TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL. 

3. EXPOSED CONTACT 
TO LEAD 1. 
OPTIONAL. 

1. POSITIONAL TOLERANCE OF LEADS (0), 
SHALL BE WITHIN 0.25mm(O.010) AT 
MAXIMUM MATERIAL CONDITION. IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 

PLASTIC PACKAGE 

CASE 708 

2. DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

3. DIMENSION B ODES NOT INCLUDE 
MOLD FLASH. 
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DIM 
A 
B 
C 
0 
F 
G 
H 
J 
K 
L 
M 
N 

DIM 
A 
B 
C 
0 
F 
G 
H 
J 
K 
L 
M 
N 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

27.15 27.71 1.069 1.091 
9.65 10.29 0.380 0.405 
2.67 4.11 0.105 0.162 
0.38 0.58 0.015 0.023 
0.76 lAO 0.030 0.055 

2.54 BSC 0.100 BSC 
0.51 1.52 0.020 0.060 
0.20 0.30 0.008 0.012 
3.18 5.08 0.125 0.200 
9.91 10041 0.390 0.410 
- 100 100 
0.64 1.27 0.025 0.050 

CASE 677-06 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
27.56 28.32 1.085 1.115 
8.64 9.14 0.340 0.360 
3.94 5.08 0.155 0.200 
0.36 0.56 0.014 0.022 
1.27 1.78 0.050 0.070 

2.54 BSC 0.100BSC 
1.02 1.52 0.040 0.060 
0.20 0.38 0.008 0.015 
2.92 3.43 0.115 I 0.135 
10.16BSC 00400 BSC 

00 150 00 150 
0.51 1.02 0.020 0.040 

CASE 708-04 



MECHANICAL DATA (Continued) 

--------22-PIN PACKAGES (Continued)--------

NOTES: 
1. LEADS TRUE POSITIONED 

WITHIN 0.25 mm (0.0101 DIA AT 
SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION (DIM "0"). 

2. DIM "L" TO CENTER OF LEADS 
WHEN FD RMED PARALLEL. 

FRIT-SEAL CERAMIC PACKAGE 

CASE 736 

DIM 
A 
B 
C 
0 
F 
G 
H 
J 
K 
L 
M 
N 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
26.80 27.81 1.055 1.095 
9.14 9.91 0.360 0.390 
3.81 5.46 0.150 0.215 
0.38 0.53 0.015 0.021 
1.27 1.65 0.050 0.065 

2.54 BSC 0.100 BSC 
0.51 1.27 0.020 0.050 
0.20 0.30 0.008 0.012 
3.18 4.32 0.125 0.170 
9.91 10.41 0.390 0.410 

15° 15° 
0.25 0.89 0.010 0.035 

CASE 736-03 

---------- 24-PIN PACKAGES ----------

NOTES: 
1. DIM "L" TO CENTER OF 

LEADS WHEN FORMED 
PARALLEL. 

2. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL 
CONDITION. (WHEN FORMED 
PARALLEL). 

FRIT-SEAL CERAMIC PACKAGE 

CASE 623 
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DIM 
A 
B 
C 
D 
F 
G 
J 
K 
L 
M 
N 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
31.24 32.77 1.230 1.290 
12.70 15.49 0.500 0.610 
4.06 5.59 0.160 0.220 
0.41 0.51 0.016 0.020 
1.27 1.52 0.050 0.060 
2.54 BSC 0.100BSC 

0.20 0.30 0.008 0.012 
3.18 4.06 0.125 0.160 
15.24 BSC 0.600 BSC 
0° 15° 0° 15° 
0.51 1.27 0.020 0.050 

CASE 623-05 



MECHANICAL DATA (Continued) 

--------24-PIN PACKAGES (Continued) --------

NOTES: 
1. DIM "L" TO CENTER OF 

LEADS WHEN FORMED 
PARALLEL. 

2. LEADS WITHIN 0.13 mm 
10.005) RADIUS OF TRUE 
POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL 
CONDITION. IWHEN FORMED~
PARALLEL):- --

NOTES: 

12 

r
I 

1. LEADS WITHIN 0.25 mm (O.OIG} 
TOTAL OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDn ION. 

FRIT-SEAL CERAMIC PACKAGE 

CASE 623A 

CERAMIC PACKAGE 

CASE 652 
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MILLIMETERS INtHES 
DIM MIN MAX MIN MAX 

A 31.24 32.77 1.230 ~ B 12.70 15.49 0.500 0.610 
e 4.06 5.84 0.160 0.230 
D 0.41 0.51 0.016 0.020 
F 1.27 1.52 0.050 0.060 
G 2.54 BSe 0.100 BSC 
J 0.20 0.30 0.008 0.012 
K 3.18 4.06 0.125 0.160 
L 15.24 BSe 0.600 BSe 
M 0° 15° 0° 150 

N 0.51 1.27 0.020 0.050 

CASE 623A-03 

MILLIMETERS MII~CH_~ DIM MIN MAX 

A 14.99 15.49 0.590ID~ 
B 9.27 9.91 :~~~ ~.~ c 1.27 2.03 
D 0.38 0.48 0.015 0.019 
F 0.08 0.15 0.003 0.006 
G 1.27 BSC 0..050 BSC 
H 0.69 1.02 0.027 0.040 
K 6.35 9.40 0.250. 0..370. 
L 21.97 - 0.865 -
N 0.25 0..63 0.010. 0.0.25 

CASE 652-02 



MECHANICAL DATA (Continued) 

---------24-PIN PACKAGES (Continued)--------

13 

p 
B 

PLASTIC PACKAGE 

CASE 709 

~'C'= ~~rlJA-
F 0 'SEATING I-M 

PLANE 

NOTES: 
1. POSITIONAL TOLERANCE OF LEAOS (D), 

SHALL 8E WITHIN 0.25 mm (0.010) AT 
MI.IXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE ANO 
EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

3. OIMENSION 8 OOES NOT INCLUOE 
MOLO FLASH. 

NOTE: 
1. LEADS TRUE POSITIONED WITHIN 

0.25mm (0.010) DlA (AT SEATING 
PLANE) AT MAXIMUM MATERIAL 
CONDITION. 

2. DIM "L"TD CENTER OF LEADS 
WHEN FORMED PARALLEl. 

CERAMIC PACKAGE 

CASE 716 
See Case 716-07 for 

EPROM package. 
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DIM 
A 
8 
C 
D 
F 
G 
H 
J 
K 
L 
M 
N 

DIM 
A 
8 
C 
D 
F 
G 
H 
J 
K 
L 
M 
N 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
31.37 32.13. 1.235 1.265 
13.72 14.22 0.540 0.560 
3.94 5.08 0.155 0.200 
0.36 0.56 0.014 0.022 
1.02 1.52 0.040 0.060 

2.54 8SC 0.100 8se 
1.78 2.03 0.070 0.080 
0.20 0.38 0.008 0.015 
2.92 3.43 0.115 0.135 
15.24 SSC 0.600 SSC 

0° 150 00 15° 
0.51 1.02 0.020 0.040 

CASE 709-02 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
27.64 30.99 1.088 1.220 
14.73 15.34 0.580 0.604 
2.67 4.32 0.105 0.170 
0.38 0.53 0.015 0.021 
0.76 1.40 0.030 0.055 

2.548SC 0100 ase 
0.76 1.78 0.030 0.070 
0.20 0.30 0.008 0.012 
2.54 4.57 0.100 0.180 
14.99 15.49 0.590 0.610 

100 100 
1.02 1.52 0.040 0.060 

CASE 716-06 



MECHANICAL DATA (Continued) 

--------24-PIN PACKAGES (Continued)--------

~~[g=[O~J:]. 
f---- A---.,.I 

CERAMIC PACKAGE 

CASE 716 
EPROM package only -

See Case 716-06 for 

other packages. 

I , , -~F ~L-J 
tJJ-IJ-!JJn~l-c FI.' -"', I j t II .. DIM 

, I I I I I I I ----~ I \ 
H --l 1_:1 S~ATlNG PLANE ; I K, \ 

_II_D G-I :- -li-J M-.-j \/ 

NOTE: 
1. LEADS TRUE POSITIONED WITHIN 

0.25mm (0.010) OIA (AT SEATING 
PLANE) AT MAXIMUM MATERIAL 
CONDITION. 

2. DIM "L"TO CENTER OF LEADS 
WHEN FORMED PARALLEL 

NOTES: 
1. DIMENSIONSW AND rn ARE DATUM. 
2. POSITIONAL TOLERANCES FOR LEADS: 

I ~ I .0' 0.25 (0.010) (M)IT I A (M)[B@[ 

3. IT] IS SEATING PLANE. 
4. DIMENSIONS A AND B INCLUDE MENISCUS. 

PLASTIC PACKAGE 

CASE 748 

5. DIMENSION L TO CENTER 
OF LEADS WHEN FORMED 
PARALLEL. 

6. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 

12-11 

A 
B 
C 
0 
F 
G 
H 
J 
K 
L 
M 
N 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
27.64 30.99 1.088 1.220 
14.94 15.34 0.588 0.604 
3.18 5.08 0.125 0.200 
0.38 0.53 0.015 0.021 
0.76 1.40 0.030 0.055 

2.54 BSC 0.100 BSC 
0.76 1.78 0.030 0.070 
0.20 0.30 0.008 0.012 
2.54 4.19 0.100 0.165 
14.99 15.49 0.590 0.610 

100 - 100 
1.02 1.52 0.040 0.060 

CASE 716-07 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 29.21 31.75 1.150 1.250 
B 9.40 10.16 0.370 0.400 
C - 5.72 - 0.225 
0 0.38 0.56 0.015 0.022 
F 1.27 1.65 0.050 0.065 
G 2.54 BSC 0.100BSC 
J 0.20 0.30 0.008 0.012 
K 2.54 4.32 0.100 0.170 
L 10.16 BSC 0.400 BSC 
M 00 150 00 150 
N 0.51 1.27 0.020 0.050 

CASE 748-01 



MECHANICAL DATA (Continued) 

---------28-PIN PACKAGES---------

NOTES: 
1. POSITIONAL TOLERANCE OF LEADS (D), 

SHALL SE WITHIN 0.25mm(O.010) AT 
MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

3. DIMENSION S DOES NOT INCLUDE 
MOLD FLASH. 

NOTES: 

PLASTIC PACKAGE 

CASE 710 

FAIT-SEAL CERAMIC PACKAGE 

CASE 733 

1. DIM rn IS DATUM. 
2. POSITIONAL TOL FOR LEADS: 

5. DIM ·L· TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

I it I .0 0.25 (0.010) (M)I T I A <§I 
3. rn IS SEATING PLANE. 
4. DIM A AND B INCLUDES MENISCUS. 

6. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 

12-12 

DIM 
A 
S 
G 
0 
F 
G 
H 
J 
K 
L 
M 
N 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
36.45 37.21 1.435 1.465 
13.72 14.22 0.540 0.560 
3.94 5.08 0.155 0.200 
0.36 0.56 0.014 0.022 
1.02 1.52 0.040 0.060 

2.54 SSC 0.100 SSC 
1.65 2.16 0.065 0.085 
0.20 0.38 0.008 0.015 
2.92 3.43 0.115 0.135 
15.24 SSC 0.600 BSC 
00 150 00 150 
0.51 1.02 0.020 0.040 

CASE 710-02 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 36.45 37.85 1.435 1.490 
S 12.70 15.37 0.500 0.605 
C 4.06 5.84 0.160 0.230 
0 0.38 0.56 0.015 0.022 
F 1.27 1.65 0.050 0.065 
G 2.54 BSC 0.100 SSC 
J 0.20 I 0.30 0.008J 0.012 
K 3.18L 4.06 0.1251 0.160 
L 15.24 SSC 0.600 SSC 
M 50 I HiD 50 150 

N 0.51 1.27 0.020 0.050 

CASE 733-03 





TTL RAM 

TTL PROM 

MECL Memory 
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Mechanical 
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MOS Dynamic RAM 

MOS Static RAM 
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