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Fujitsu's Static RAM Products 

Introduction 

High-speed CMOS SRAMs 

Fujitsu manufactures a wide range of integrated circuits that 
includes linear products, microprocessors, 
telecommunications circuits, ASICs, high-speed ECl logic, 
power components (consisting of both discrete transistors 
and transistor arrays), and both static and dynamic RAMs. 

The static RAM product line offers devices for use in a wide 
range of applications. These memories are manufactured to 
meet the high standard of quality and reliability that is found 
in all Fujitsu products. 

This data book includes product information on the following 
SRAM products: 

Fujitsu's high-speed CMOS SRAMs offer the advantages of 
low power diSSipation, low cost, and high performance. 
Features include TTL compatibility and a separate 
chip-select pin that simplifies multipackage systems design. 

High-speed BiCMOS SRAMs 

Low-speed CMOS SRAMs 

Advanced SiCMOS technology adds ultra-fast access times 
to CMOS low power dissipation in Fujitsu's new family of 
static RAMs. Most devices feature an automatic power-down 
mode and are generally available in small outline packages 
with J-Ieads (SOJ). 

Our low-power CMOS SRAMs are ideally suited for use in 
microprocessor systems and other applications where fast 
access time and ease of use are required. The memories 
use asynchronous circuitry and may be maintained in any 
state for an indefinite period of time. 

Application-Specific SRAMs 

To address the system needs of cache memory chips, 
Fujitsu's application-specific memory line includes both 
cache TAG RAM and high-speed static RAM, as well as port 
RAMs for muHiprocessor systems. 

Ix 



Fujitsu's Static RAM Products (Continued) 

x 

WIde Temperature Range SRAMs 

CMOS SRAM Modules 

For applications requiring MIL-STD-883 processing, Fujitsu 
offers a selection 01 high-performance, TTL-compatible 
CMOS static RAM products. All of these devices operate in 
the 'W" temperature range, generally 55° to 125°C. (See 
product specifications lor specific temperature range.) 

Fujitsu manufactures a complete family 01 reliable CMOS 
static RAM memory modules lor those applications requiring 
high density and large memory storage capability. Fujitsu's 
family of memory modules are pin-compatible with JEDEC 
standards. 



Section 1 

High-Speed CMOS SRAMs - Ata Glance 
.. 

Maximum 
Acc ... s Package 

Page Device Time (ns) Capacity Options 

1-3 MB81C67-35 35 16384 bits 20-pin Plastic DIP 
-45 45 (16384w x lb) 20-pin Ceramic DIP 
-55 55 2(}-pad Ceramic LCC 

1-15 MB81 C68A-25 25 16384 bits 2(}-pin Plastic DIP,ZIP 
-30 30 (4096w x4b) 20-pin Ceramic DIP 
-35 35 

1-27 MB81 C69A-25 25 16384 bits 20-pin Plastic DIP 
-30 30 (4096w x 4b) 20-pin Ceramic DIP 
-35 35 

1-39 MB81C71A-25 25 65536 bits 22-pin Plastic DIP 
-35 35 (65536w x 1 b) 24-pin Plastic LCC 

22-pad Ceramic LCC 

1-51 MB81C74-25 25 65536 bits 22-pin Plastic DIP 
-35 35 (16384w x 4b) 22-pad Ceramic LCC 

1-51 MB81C75-25 25 65536 bits 24-pin Plastic DIP 
-35 35 (16384w x 4b) 24-pin Plastic LCC 

1-73 MB81C78A-35 35 65536 bits 28-pin Plastic DIP, FPT 
-45 45 (8192w x8b) 32-pad Ceramic LCC 

1-87 MB81C79A-35 35 73728 bits 28-pin Plastic DIP, FPT 
-45 45 (8192w x 9b) 32-pad Ceramic LCC 

1-101 MB81C81A-35 35 262144 bits 24-pin Plastic DIP, LCC 
-45 45 (262144w x lb) 24-pin Ceramic DIP 

24-pad Ceramic LCC 

1-113 MB81C84A--35 35 262144 bits 24-pin Plastic DIP, LCC 
-45 45 (65536w x 4b) 

1-123 MB81C86-55 55 262144 bits 28-pin Ceramic DIP 
-70 70 (65536w x 4b) 32-pad Ceramic LCC 

1-131 MB8289-25 25 262144 bits 32-pin Plastic DIP, FPT 
-35 35 (32768w x 9b) 

1-1 
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16,384 WORDS x1 BIT HIGH SPEED 
CMOS STATIC RANDOM ACCESS MEMORY 

The Fujitsu MB 81 C67 is 16,384 words x 1 bit static random access memory 
fabricated with a CMOS silicon gate process. All pins are TTL compatible and 
a single 5 volts power supply is required. 

For ease of use, chip select (CS) permits the selection of an individual package 
when outputs are OR·tied, and automatically power down the MB 81 C67. All 
devices offer the advantages of low power dissipation, low cost, and high per
formance. 

• Organization: 16,384 words x 1 bit 
• Static operation: No clocks or refresh required 
• Fast access time: 35 ns max. (MB 81C67-35) 

45 ns max. (MB 81 C67-45) 
55 ns max. (MB 81C67-55) 

• Single +5 V supply, ±10% tolerance 
• Separate data input and output 
• TTL compatible inputs and output 
• Three-state output with OR-tie capability 
• Chip select for simplified memory expansion, automatic power down 
• All inputs and output have protection against static charge 
• Standard 20-pin DIP package (Suffix: CZ, Suffix: P) 
• Standard 20-pad Leadless Chip Carrier (Suffix: TV) 
• Pin compatible with Fujitsu MB 8167A 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Symbol Value 

Supply Voltage Vcc -0.5 to +7.0 

Input Voltage on any pin 
V1N -3.5 to +7.0 with respect to GN D 

Output Voltage on any pin 
VOUT -0.5 to +7.0 with respect to GND 

Output Current lOUT ±50 

Power Dissipation PD 1.2 

Temperature under Bias TB1AS -10 to +85 

Storage I Ceramic 
TSTG 

-65 to +150 
Temperature I Plastic -45 to +125 

Unit 

V 

V 

V 

mA 

W 

°c 

°c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATI NGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

MB 81C67-35 
MB 81C67-45 
MB 81C67-55 

March 1986 
Edition 2.0 

CERAMIC PACKAGE 
CERDIP 

DIP-20C-C03 

CERAMIC PACKAGE 
LCC-20C-FOl 

PLASTIC PACKAGE 
DIP-20P-MOl 

PIN ASSIGNMENT 

V" 
A,Ao I AI3 

t~1~t_ol~9J 

:; H f:~ ~I'~ 
~: ~j TOP VIEW t~: :~o 
As ?~ ~1_4 As 

Dour ~J ~~3 Al 

r9T\-oT,-,T'-2~ 

WE C5DIN 
GNO 

This devic.e 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 
application of any voltage higher than maxi
mum rated voltages to this high impedance 
circuit. 
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1IIIIIIIIIIIIIIIIIIIIIIImlllllllllllllllllllilim MB 81C67-35 
FUJITSU MB 81C67-45 

11111111111111111111111111111~lllmlllllllllllllll MB 81C67-55 

Fig. 1 - MB 81C67 BLOCK DIAGRAM 

A'2----------II......-I~---I 

A'3-------1;~~====~ 
AO ----------II.A~---I 

A, -------t~======l ROW 
SELECT 

CELL ARRAY 
128 ROWS 

128 COLUMNS 

COLUMN 1/0 CIRCUITS 

INPUT 
DATA 
CO NT. 

COLUMN SELECT 

TRUTH TABLE 
CS WE MODE OUTPUT POWER 

H X NOT SELECTED HIGH-Z STANDBY 

L L WRITE HIGH-Z ACTIVE 

L H READ DOUT ACTIVE 

CAPACITANCE ITA = 2SoC, f = 1 MHz) 

Parameter Symbol Typ Max 

Input Capacitance (V IN = 0 V) C IN 5 

CS Capacitance (Ves = 0 V) Ces 7 

Output Capacitance (VOUT = 0 V) COUT 8 

1-4 

-----vee 

-GNO 

DOUT 

Unit 

pF 

pF 

pF 



RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) 

Parameter Symbol Min 

Supply Voltage Vee 4.5 

Input Low Voltage V'L -3.0' 

Input High Voltage V ,H 2.2 

Ambient Temperature TA 0 

*-3.0V Min. for pulse width less than 20ns. (V ,L Min ~ -1.0 V at DC level) 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Test Condition Symbol Min 

I nput Leakage 
V ,N ~ 0 V to Vcc III -2.0 

Current 

Output Leakage CS~V'H' 
I LO -2.0 

Current VOUT~OVtoVcc 

Active Supply CS ~ V,L, lOUT ~ 0 mA 
Icc1 Current V ,N ~ V,L or V ,H 

Operating Supply CS ~ V,L, lOUT ~ 0 mA 
ICC2 Current Cycle ~ Min, CL ~ 0 pF 

Standby Supply 
CS :;; V cc - 0.2 V 
V ,N :;; Vee -0.2 V or ISB1 Current 
V'N~O.2V 

StandbY Supply 
CS ~ V ,H IS82 Current 

Output Low 
IOL ~ 16 mA VOL 

Voltage 

Output High 
IOH ~ -4 mA VOH 2.4 

Voltage 

Typ 

5.0 

MB 81C67-35 lilllllll!IIII!1111111111111111111111111111111111111 

MB 81C67-45 FUJITSU 
MB 81C67-5 5 II111111I1111111111111111111111111111111111111111111 

Max Unit 

5.5 V 

O.B V 

6.0 V 

70 °c 

Typ Max Unit 

2.0 JlA 

2.0 JlA 

25 40 mA 

35 60 mA 

2 15 mA 

15 25 mA 

0.4 V 

V 

1-5 
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1IIIIIIIIIIIIImlmlilimmmlllllllllllllllili MB 81C6 7-35 
FUJITSU MB 81C67-45 

1IIIIIIIIIIIIIIIIIIIImlllllllllllllllllllllllllili MB 81C67-55 

AC TEST CONDITIONS 

Input Pu lse Levels; 

Input Pulse Rise And Fall Times; 

Timing Measurement Reference Levels; 

Output Load; 

Load I 

2V 

Fig.2 

T,on 
~DOUT 
130 pF (Including Scope 

and jig capacitance) 

AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 
READ CYCLE *1 

MB 81C67·35 
Parameter Symbol 

Min Max 

Read Cycle Time' 2 tRC 35 

Address Access Time 3 tAA 35 

Chip Select Access Time' 4 t ACS 35 

Output Hold from Address Change tOH 5 

Chip Selection to Output in Low-Z's tLZ 5 

Chip Deselection to Output in High-Z's tHZ 0 25 

Chip Selection to Power Up tpu 0 

Chip Deselection to Power Down tpo 30 

Note: "1 WE is high for Read cycle. 

0.6 V to 2.4 V 

5 ns 

Input ; 1.5 V 
Output; 1 .5 V 

Load II 

2V 

T,on 
~DOUT 
I s pF (Including Scope 

and jig capacitance) 

MB 81C67-45 MB 81C67-55 

Min Max Min Max 

45 55 

45 55 

45 55 

5 5 

5 5 

0 25 0 30 

0 0 

40 50 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

*2 All Read cycle are determined from the last address transition to the first address transition of the next address. 
*3 Device is continuously selected, CS = V 1L . 
*4 Address valid prior to or coincident with CS transition low. 
*5 Transition is measured at the point of ±500mV from steady state Voltage. 

1-6 



READ CYCLE TIMING DIAGRAM"'2 

READ CYCLE: ADDRESS CONTROLLED' 3 

tRC 

ADDRESS 'IV \~ 

II\. I' 

tAA 

tOH_ 

MB 81C67-35 1111111111111111111111111111111111111111111111111 

MB 81C67-45 FUJITSU 
MB 81C67-5 5 1111111111111111111111111111111111111111111111111 

DOUT 
PREVIOUS DATA 
VALID 

DATA VALID 

READ CYCLE: CS CONTROLLED*4 

1--------tRC------~ 

HIGH-Z 
DOUT 

tpu 

ICC 

50% 

IS8 

~ : Undefined 

Note: *, WE is high for Read cycle. 
*2 All Read cycle are determined from the last address transition to the first address transition of the next address. 
*:3 Device is continuously selected, CS ~ V'L. 
*4 Address valid prior to or coincident with CS transition low. 
*5 Transition is measured at the point of ±500mV from steady state voltage. 

1-7 

.. 



.. 

1lllmlllllllllllllllmlllll~mlllllllmlllllll MB 81C67 -35 
FUJITSU MB 81C67-45 

1lllllllllllllllllllllllllllmllllllllmlll~11111 MB 81C67-55 

WRITE CYCLE'1'2 

Parameter 
MB 81C67-35 MB 81C67-45 MB 81C67-55 

1-8 

Symbol 
Min Max Min Max Min Max 

Write Cycle Time '3 twc 35 45 55 

Chip Selection to End of Write tcw 30 35 50 

Address Valid to End of Write tAW 30 35 50 

Address Setup Time tAs 0 0 0 

Write Pulse Width twp 20 25 30 

Data Valid to End of Write tow 20 20 25 

Write Recovery Time tWR 0 0 0 

Data Hold Time tOH 0 0 0 

Write Enable to Output in High-Z'4 twz 0 25 0 25 0 30 

Output Active from End of Write '4 tow 0 25 0 25 0 30 

WRITE CYCLE TIMING DIAGRAM*1*2 

'WRITE CYCLE: WE CONTROLLED'3 

1-------twc---------1 

ADDRESS 

I-----tcw,----~ 

~-----tAW'------

DOUT 
HIGH-Z 

,o.~ 

~ : Undefined 

Note: *1 CS or WE must be high during address transition. 
*2 If CS goes high simultaneously with WE high, the output remains in high impedance state. 
*3 All Write cycle are determined from the last address transition to the first address transition of next address. 
*4 Transition is measured at the point of ±500mV from steady state voltage. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



MB 81C67-35 11111~~~~m~~~~~~llm~~~m~~IMI 
MB 81C67-45 FUJITSU 
MB 81C6 7-5 5 1~lllmlllllllllllllllll~llllllmlllll~~111111 

WRITE CYCLE TIMING DIAGRAM*!*2 

WRITE CYCLE: CS CONTROLLEO'3 

~---------------twc--------------~ 

ADDRESS 

~~tA~S-+----------tcw--------~~ 

f-------twp-----I 

tow----1----I 

DATA VALID 

DOUT 
_________ ~H~IG~H~-Z~ ___ tL __ ;~---~H~IG~H~-~Z-----------------------------

~ : Undefined 

Note: *1 CS or WE must be high during address transistion. 
*2 If CS goes high simultaneously with WE high, the output remains in high impedance state. 
*3 All Write cycle are determined from the last address transistion to the first address transition of next address. 
*4 Transition is measured at the point of ±500mV from steady state voltage. 

1-9 
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1111111111111111111111111111111111111111111111111111 MB 81C67-35 
FUJITSU MB 81C67-45 

111111111111111111111111111I11I111111I11111111111111 MB 81C67-55 

TYPICAL CHARACTERISTICS CURVES 

1-10 

Fig. 3 - NORMALIZED ACCESS TIME 
VS. SUPPLY VOLTAGE 
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Fig. 5 -NORMALIZED ACCESS TIME 
vs. AMBIENT TEMPERATURE 
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Fig. 9 -NORMALIZED POWER SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 
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20·LEAD CERAMIC (CERDIP) DUAL IN·lINE PACKAGE 
(CASE No.: DIP·20C·C03) 

1-12 

R .02510.641 
REF 

.09012.29) 

.11012.791 

.940 123.881 
1.000 125.4) 

.900122.86IREF 

© 1986 FUJITSU LIMITED D2000B$-3C 

I 
.28417.211 
.30217.671 

.015(0.381 

.02310.58) 

1--
.31317.95) 

'325ru~;:::----+_..L 

.01410.361 

Dimensions in inches 
(millimeters) 



PACKAGE DIMENSIONS 
(Suffix: TV) 

20-PAD CERAMIC (FRIT SEAL) LEADI:ESS CHIP CARRIER 
(CASE No.: LCC-20C·F01) 

n 
.420110.671 
.435111.051 

R.00810.20ITYP 
120PLCSI 

.02510.641 

TYi'i_ 
I-

t
.087512.221 

TYP 

MB B1C67-35 illllllllllllllllllllllllllllllllllllllllllllllllill 
MB 81C67-45 FUJITSU 
MB 81C67-55 1111111111111111111111111111111111111111111111111111 

.... 11 
.33518.511 

TYP 
.25016.351 JP 

L-__ ~~~~~~ 
1.10012.541 .~~~ 1.271 .28017.11) 

.29517.491 MAX ~~~ 

©1985 FUJITSU LIM ITED C2Q003S-1 C 

.04511.141 
TYP 

Dimension in 
inches (millimeters) 
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PACKAGE DIMENSIONS 
(Suffix: P) 

20-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP·20P-M01) 

-fF=:::::::::==,.l,15o MAX 

1-14 

.10012.541 
TYP 

.05011.27IMAX 

©1986 FUJITSU LIMITED D200Q5S·1C 

.03410.861 

.04611.161 

.17214.36IMAX 

.11813.0IMIN 

.29017.371 

.31017.871 

Dimensions in 
inches (millimeters) 
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CMOS 16384-BIT 
STATIC RANDOM 
ACCESS MEMORY 

MB81C68A-25 
MB81C68A-30 
MB81C68A-35 

4K x 4 (16,384-BIT) STATIC RANDOM ACCESS 
MEMORY WITH SUPER HIGH SPEED AND 

AUTOMATIC POWER DOWN 

The Fujitsu MB 81C68A is 4096 words x 4 bits static random access memory 

fabricated with a CMOS silicon gate process. The memory utilizes asynchro· 

nous circuitry and all pins are TTL compatible and a single 5 volts power 
supply is required. 

A separate chip select (CS) pin simplifies multipackage systems design. It per· 
mits the selection of an individual package when outputs are OR-tied, and 
furthermore on selecting a single package by CS, the other deselected packages 

automatically power down. 

All devices offer the advantages of low power dissipation, low cost, and high 
performance. 

• Organization: 4096 words x 4 bits 

• Static operation: No clocks or timing strobe required 

• Fast access time: tAA ~ tAcs ~ 25 ns max. (MB 81C68A-25) 

tAA ~ tACS ~ 30 ns max. (MB 81C68A-30) 

tAA ~ t ACS ~ 35 ns max. (MB 81C68A-35) 
• Low power consumption: 385 mW max. (Active) 

138 mW max. (Standby, TTL level) 

83 mW max. (Standby, CMOS level) 

• Single +5V supply ±1 0% tolerance 

• TTL compatible inputs and outputs 

• Three-state outputs with OR-tie capability 

• Chip select for simplified memory expansion, automatic power down 

• All inputs and outputs have protection against static charge 

• Standard 20-pin DIP (Suffix -P(plastic)/Suffix: -Z(cerdip)) 
• Standard 20-pad LCC (Suffix: -TV) 

• Standard 20-pin ZIP (Suffix: -PSZ) 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Symbol Value 

Supply Voltage Vee -0.5 to +7 

Input Voltage on Any Pin with 
V'N -3.5 to +7 

respect to G N D 

Output Voltage on Any I/O Pin 
V OUT -0_5 to +7 

with respect to GND 

Output current lOUT ±20 

Power dissipation Po 1.0 

Temperature under Bias T BIAS -10 to +85 

I CERAMIC -65 to +150 
Storage Temperature I T STG 

PLASTIC -45 to +125 

Unit 

V 

V 

V 

mA 

W 

°c 

°c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATI NGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposu'e to absolute maximum rating conditions for extended 
periods may aHect device reliability. 

January 1988 
Edition 2.0 

CERAMIC PACKAGE 
CERDIP 

(DIP·20C-C03) 

PLASTIC PACKAGE 
(DIP-20P-M01) 

PLASTIC PACKAGE 
(ZIP-20P-M01) 

PIN ASSIGNMENT 

( liJ liJ liJ ~ ,.~'L @J C'J l"J @Jl'D~ 
r-;JJil888RRRRR 

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 
application of any voltage higher than maxi
mum rated voltages to this high impedance 
circuit. 
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Fig. 1 - MB 81C68A BLOCK DIAGRAM 

----<>Vc 

AS 
... 

f-
----OGN 

· 128 x 128 
j? · MEMORY CELL 

ROW · ARRAY 

SELECT f-

Ag ..,i? 
. . . 

... 
..,i? 

1/0 CIRCUITS 

1/0, 

~ = 

~ 
INPUT COLUMN 
DATA SELECT 

CONTROL 

~ ~ 

~ ~ VI ~ ~ 11 it ...., 

IIII 
L AO A, A2 A3 A11 

o--::fJ- re= 
-

1:D 
--j POWER TRUTH TABLE DOWN 

CIRCUIT CS WE MODE 1/0 POWER 

H X NOT SELECTED HIGH-Z STANDBY 
L L WRITE DIN ACTIVE 
L H READ DOUT ACTIVE 

CAPACITANCE (TA = 25°C. f = 1 MHz) 

Parameter Symbol Typ Max 

Input Capacitance (V IN = 0 V) CIN 5 

es Capacitance (V cs = 0 V) Ccs 6 

I/O Capacitance (V 1/0 = 0 V) CliO 7 

1-16 

c 
D 

Unit 

pF 

pF 

pF 



RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND} 

Parameter Symbol Min 

Supply Voltage Vee 4.5 

Input Low Voltage V'L -2.0' 

Input High Voltage V'H 2.2 

Ambient Temperature TA 0 

Note: * -2.0V Min. for pulse width less than 20 ns. IV'L Min = -0.5V at DC level I 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted I 

Parameter Test Condition Symbol 

Input Leakage 
V'N = 0 V to Vee ILl Current 

Output Leakage CS = V'H, 
ILo Current V'/O = 0 V to Vee 

Active lOCI Supply lOUT = 0 mA CS = V'L, 
leel Current V'N = V'L or V'H 

Operating Supply CS = V'L 
lee2 

Current lOUT = 0 mA, Cycle = Min 

Standby Supply Current 
CS = Vee - 0.2V, V'N ~ 0.2V 

or V'N~ Vee - 0.2V 
ISBl 

Standby Supply Current CS= V'H ISB2 

Output Low Voltage IOL=8mA VOL 

Output High Voltage IOH = -4 mA V OH 

Typ 

5.0 

Min 

-10 

-10 

2.4 

MB81C68A-25 1111111111111111111111111111111111111111111111111111 

MB81C68A-30 FUJITSU 
MB81C68A-35 I111111111111111111111111111111111111111111111111111 

Max Unit 

5.5 V 

0.8 V 

6.0 V 

70 °c 

Typ Max Unit 

10 I1A 

10 I1A 

25 50 mA 

40 70 mA 

0.5 15 mA 

10 25 mA 

0.4 V 

V 

1-17 

.. 



.. 

1IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIImlllllllili MB81C68A-25 
FUJITSU MB81C68A-30 

1111111111111111111111111111111111111111111111111111 MB81C68A-35 

AC TEST CONDITION 

Input Pulse Levels: 
Input Pulse Rise and Fall Times: 
Timing Reference Levels: 

Output Load: Fig.2 
5.0 V 

~ 

DOUT--.------l 

lIo",d'"9 Soop' 'Od11 CL 
Jig Capacitance) 

480 n 

255 n 

AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 
READ CYCLE*1 

o V to 3.0 V 
5 ns (TransIent Time between 0.8 V and 2.2 VI 
Input 1.5 V 
Output: 1.5 V 

CL = 30 pF 

CL = 5 pF for tLZ, tHZ. tow and twz 

MB 81C68A·25 MB 81C68A·30 MB 81C68A·35 

Parameter Symbol 

Min Max Min Max Min Max 

Read Cycle Time tAC 25 30 35 

Address Access Time *2 tAA 25 30 35 

Chip Select Access Time *3 t ACS 25 30 35 

Output Hold from Address Change tOH 3 3 3 

Output Hold from CS t OHC 0 0 0 

Chip Selection to Output in LOW_Z*4 tLZ 5 5 5 

Chip Deselection to Output in High·Z<4 tHZ 10 13 15 

Power Up from CS tpu 0 0 0 

Power Down from CS t pD 20 25 30 

Note: *1 WE is high for Read cycle. 
*2 Device is continuously selected, CS = V'L 
*3 Address valid prior to or coincident with CS transition low. 
*4 Transition is specified at the point of ±50o' mV from steady state voltage. 

1-18 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



READ CYCLE TIMING DIAGRAM"' 

READ CYCLE: ADDRESS CONTROLLED'2 

f-------tRC--------I 

ADDRESS 

DATA OUT 

f----tAA----1 

PREVIOUS 
DATA VALID 

READ CYCLE: CS CONTROLLED'3 

DATA VALID 

f-------tRC-------j 

DATA OUT ---4-~=~-r 

tOH 

."~--
SUPPLY IS8 5~ ICC 
CURRENT ....;;.:~ ___ -J 

Note: ", WE is high for Read cycle. 
"2 Device is continuously selected, CS = V'L 
"3 Address valid prior to or coincident with CS transition low. 
"4 Transition is specified at the point of ±50D-mV from steady state voltage. 

MB81C68A-25 1111111111111111111111111111111111111111111111111 

MB81C68A-30 FUJITSU 
MB81C68A-35 1111111111111111111111111111111111111111111111111 

HIGH-Z 
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WRITE CYCLE*h2 

MB 81C68A-25 MB 81C68A-30 MB 81C68A-35 
Parameter Symbol 

Min Max Min 

Write Cycle Time twc 25 30 

Chip Selection to End of Write tcw 20 25 

Address Valid to End of Write tAw 20 25 

Address Setup Ti me tAs 0 0 

Write Pulse Width twp 20 25 

Data Setup Time tow 13 15 

Write Recovery Time tWR 2 2 

Data Hold Time tOH 0 0 

Output High-Z from WE *3 twz 10 

Output Low-Z from WE*3 tow 5 5 

WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE: WE CONTROLLED*1*2 

Max 

13 

I--------twc---------jl 

ADDRESS 

DATA IN 
tWZ ' 3--j tow~ 

Min 

35 

30 

30 

0 

30 

15 

2 

0 

5 

~ HIGH·Z 1/ 
DATAOUT--------------------------+V~--~~~--_i~t:::::::::: 

Note: *1 CS or WE must be high during address transitions. 

1-20 

*2 If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
*3 Transition is specified at the point of ±500 mV from steady state Voltage. 

Max 

15 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE: CS CONTROLLED- 1 *2 

ADDRESS 

DATA IN 

r----------------twc--------------__ ~ 

~------------tAw------------~ 
tAS 

r-~--~---------tcw----------~ 

f------twp--_~ 

MBB1C68A-25 
MB81C68A-30 
MB81C68A-35 

t -3 
LZ ~twZ*3 

DATAOUT------------~~------~----~HI~G~H~~----------------------------

Note: *1 CS or WE must be high during address transitions. 
*2 If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
*3 Transition is specified at the point of ±500 mV from steady state voltage. 

-.~. 
FU.JITSU 

!~lm~llll!m~IIIIIII~~I!~I!~ 

.. 
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TYPICAL CHARACTERISTICS CURVES 

1-22 

Fig.3 OPERATING SUPPLY CURRENT 
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TYPICAL CHARACTERISTICS CURVES (Cont'd) 
Fig.9 "H" LEVEL OUTPUT VOL TAGE 

vs. "H" LEVEL OUTPUT CURRENT 
Fig. 10 "L" LEVEL OUTPUT VOLTAGE 

VI. "L" LEVEL OUTPUT CURRENT 
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PACKAGE DIMENSIONS 
(Suffix: -Z) 

20-LEAD CERAMIC (CERDIP) DUAL IN-LINE PACKAGE 
(CASE No.: DIP-20C-C03) 

(Suffix: -PI 

1-24 

R.02510.641 
REF 

c.----- .950~:~~~ _____ -1 
(24.13~~:~~1 

.050{1.27)MAX 

.100t.Ol0 
12.54'0.251 

© FUJITSU LIMITED 1986 D20006S·4C 

~g~: rr=t 
+0.36 I 

17.32_0.10' .319,.006 
(S.tO±O.lSI 

20·LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-20P-M01) 

.100(2.54) I 
TYP 

©FUJITSU LIMITED 1986 020005S·2C 

.17214.361MAX 

.11813.0lMIN 

.30017.621TYP 

Dimensions in 
inches (millimeters) 

.300'.010 
(7.62±O.25) 

Dimensions in 
inches (millimeters) 



PACKAGE DIMENSIONS 
(Suffix: ·PSZ) 

MB81C68A-25 1111111111111111111111111111111111111111111111111111 

MB81C68A-30 FUJITSU 
MB81C68A-35 1111111111111111111111111111111111111111111111111111 

20·LEAD PLASTIC ZIGZAG·IN·LlNE PACKAGE 
(CASE NO.: ZIP·20p·M01) 

INDEX 

d 

.OSO(1.27)TYP -

©FUJITSU LIMITED1986 Z20001S·3C 

.020±.004 - (0.SO±0.10) 

.010±.002 
(0.25±0.05) 

.112±.008 
(2.85±0.2) 

'32SJ26)MAX 

:;t~ 
.118(3.0)MIN 

~ 
1_ l· l 00(2.S4)TYP 

Dimensions in 
inches (millimeters) 

1-25 
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MB81C68A-25 
MB81C68A-30 
MB81C68A-35 

(Suffix: -TV) 

1-26 

AeA7 VCCAa 

:.~t~J-2gJ1!: 
AS ji ~-~ Ag 

~ ~J ~1? AIO 

A3 ~1 ~~ A" 

A2 ~~ ~: j-O, 

AI ~J ~~ 1'02 

AO ~J ~~ 1103 

r9TioTliTi2~ 

CD I W'E"L04 
ONO 

2O.pAD CERAMIC IFRIT SEALI LEADLESS CHIP CARRIER 
ICASE No.: LCC-2OC·F01' 

• Shape n' PIN NO.1 IIIIDEX: SubJecll"c~angewlthoul nol'ce 

CERAMIC PACKAGE 
LCC 

(LCC-20C-F01) 

D,men .. "n,n 
,ncheslrn,II"'>llers) 



4K x 4 (16,384-BIT) STATIC RANDOM ACCESS MEMORY 
WITH SUPPER HIGH SPEED 

The Fujitsu MB 81C69A is 4096 words x 4 bits static random access memory 
fabricated with a CMOS silicon gate process. The memory utilizes asynchro
nous circuitry and all pins are TTL compatible and a single 5 volts power 
supply is required. 

A separate chip select (ts) pin simplifies multipackage systems design. It per· 
mits the selection of an individual package when outputs are OR-tied. 

All devices offer the advantages of low power dissipation, low cost, and high 
performance. 

• Organization: 4096 words x 4 bits 
• Static operation: No clocks or timing strobe required 
• Fast access time: tAA = 25 ns max, tAcs = 15 ns max (MB 81C69A-25) 

tAA = 30 ns max, tACS = 18 ns max (MB 81C69A-30) 
tAA = 35 ns max, tACS = 20 ns max (MB 81C69A·35) 

• Low power consumption: 385 mW max. (Active) 
• Single +5V supply ±10% tolerance 
• TTL compatible inputs and outputs 
• Three-state outputs with OR-tie capability 
• Chip select for simplified memory expansion 
• All inputs and outputs have protection against static charge 
• Standard 20-pin DIP (Suffix: -P(plastic)/Suffix: -Z(cerdip)) 
• Standard 20-pad LCC (Suffix: -TV) 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Symbol Value Unit 

Supply Voltage Vee -0.5 to +7 V 

Input Voltage on Any Pin 
V ,N -3.5 to +7 V with respect to GND 

Output Volage on Any I/O Pin 
VOUT -0.5 to +7 V with respect to GND 

Output current lOUT ±20 mA 

Power dissipation Po 1.0 W 

Temperature under Bias TslAs -10 to +85 °c 

I CERAMIC -65 to +150 
Storage Temperature I PLASTIC 

TSTG °c 
-45 to +125 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

MB81C69A-25 
MB81C69A-30 
MB81C69A-35 

January 1988 
Edition 2.0 

CERAMIC PACKAGE 
CERDIP 

(DIP-20C-C03) 

PLASTIC PACKAGE 
(DIP-20P-MOl ) 

PIN ASSIGNMENT 

A, Vee 

A6 As 

As A9 

A4 AtD 

A3 A" 

A2 1/°1 

At 1/02 

AD lio3 
cs 1/04 

GND WE 

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 
application of any voltage higher than maxi
mum rated voltages to this high impedance 
circuit. 
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1~~~~II~lmm~IIIIII~lil MB81C69A-25 
FUJITSU MB81C69A-30 
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Fig. 1 - MB 81C69A BLOCK DIAGRAM 

A4 
... 
J 

A5 ~ C-

A6 
o 128x 128 

.J 
0 MEMORY CELL 

A7 ROW 0 
ARRAY 

SELECT -
As 

Ag J. 
0 0 0 

AlO J 
I/O CIRCUITS 

I/O, 

~ = 
1/02 '" ~ INPUT COLUMN 

OATA SELECT 

1/03 CONTROL 

~ 
1/04 

CS 

WE 

~ YI if, if, ~ 

1 1 
IIII 

A, A2 A" 

£ 
TRUTH TABLE 

CS WE MODE I/O 

H X NOT SELECTED HIGH·Z 
L L WRITE D,N 
L H READ DOUT 

CAPACITANCE ITA = 25°C, f = 1 MHz) 

Parameter Symbol Typ 

Input Capacitance (V IN = 0 V) C 'N 

CS Capacitance (VC§ = 0 V) Ccs 

I/O Capacitance (V 1/0 = 0 V) C,iO 

1-28 

~VC 

-----oGN 

~ 
rit 
~ 

~ 
-

Max 

5 

6 

7 

c 
D 

Unit 

pF 

pF 

pF 



RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) 

Parameter Symbol Min Typ 

Supply Voltage Vcc 4.5 5.0 

Input Low Voltage V IL -2.0' 

Input High Voltage V IH 2.2 

Ambient Temperature TA 0 

Note: * -2.0 V Min. for pulse width less than 20 ns. (VIL Min. = -0.5 Vat DC level) 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Test Condition Symbol 

Input Leakage Current V IN = OV to Vcc ILl 

Output Leakage Current CS = V IH , Vila = OV to Vcc I LO 

CS = V IL • 

Active Supply Current lOUT = 0 rnA ICCl 

V IN = V IL or V IH 

Operating Supply Current 
CS= V IL 

Icc2 
lOUT = 0 rnA, Cycle = Min 

Output Low Voltage IOL = 8 rnA VOL 

Output High Voltage IOH = -4 rnA VOH 

Min 

-10 

-10 

2.4 

MB81C69A-25 1~lm~mlllllllllllllmmlmllllllllllmlllll 
MB81C69A-30 FUJITSU 
MB81C69A-35 1llllm~mlllllllllmllllllmlllllmllllllml 

Max Unit 

5.5 V 

0.8 V 

6.0 V 

70 °c 

Typ Max Unit 

10 IlA 

10 IlA 

25 50 rnA 

40 70 rnA 

0.4 V 

V 

1-29 
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Input Pulse Levels 

AC TEST CONDITION 

o V to 3.0 V 
Input Pulse Rise and Fall Times: 
Timing Reference Levels: 

5 ns (Transient Time between 0.8 V and 2.2 V) 
Input : 1.5 V 

Output Load: Fig.2 

5.0V 

DOUT----~~----~ 

lCL 
(Including Scope and I 
Jig Capacitance) 

AC CHARACTERISTICS 

255 n 

Output: 1 .5 V 

CL = 30 pF 

CL = 5 pF for tLZ. tHz, tow and twz 

(Recommended operating conditions unless otherwise noted.) 
READ CYCLE"1 

M881C69A-25 MB 81C69A-30 

Parameter Symbol 

Min Max Min Max 

Read Cycle Time *2 t RC 25 30 

Address Access Time *3 tAA 25 30 

Chip Select Access Time *4 tACS 15 18 

Output Hold from Address Change tOH 3 3 

Output Hold from CS t OHC 0 0 

Chip Selection to Output in Low-Z*5 tLZ 0 0 

Chip Deselection to Output in High-Z' 5 tHZ 10 13 

Note: "1 WE is high for Raed cycle. 

MB 81C69A-35 

Min Max 

35 

35 

20 

3 

0 

0 

15 

*2 
*3 
*4 

All read cycles are determined from the last address transition to the first address transition of next cycle. 
Device is continuously selected, CS = V'I.:.-
Address valid prior to or coincident with CS transition low. 

*5 Transition is specified at the point of ±500mV from steady state Voltage with Load n in Fig. 2. 

1-30 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



READ CYCLE TIMING DIAGRAM"1 

READ CYCLE: ADDRESS CONTROLLED 

ADDRESS 

OATA OUT 

1--------tRc--"2=------------1 

PREVIOUS 
DATA VALID DATA VALID 

READ CYCLE: CS CONTROLLED'3 

tOH 

'2 
1---------tRC---'----------I 

ADDRESS 

1----tAA--~-I 

DATA OUT _.....:H.;.:,IG;;:,:H..;.,.Z"--___ -( DATA VALID 

Note: * 1 WE is high for Read cycle. 

MB81C69A-25 1111111111111111111111111111111111111111111111111111 

MB81C69A-30 FUJITSU 
MB81C69A-35 11111I1111111111111111111111111111111111111111111111 

HIGH·Z 

*2 All read cycles are determined from the last address transition to the first address transition of next cycle. 
*3 Device is continuously selected, CS = V1L • 

*4 Address valid prior to or coincident with CS transition low. 
*5 Transition is specified at the point of ±500 mV from steady state voltage with Lead II in Fig. 2. 
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WRITE CYCLE'1'2 

MB 81C69A-25 MB 81C69A-30 MB 81 C69A-35 
p.arameter Symbol Unit 

Min Max Min Max Min Max 

Write Cycle Time*3 twc 25 30 35 ns 

Chip Selection to End of Write tcw 20 25 30 ns 

Address Valid to End of Write tAW 20 25 30 ns 

Address Setup Time t AS 0 0 0 ns 

Write Pulse Width twp 20 25 30 ns 

Data Setup Time tow 13 15 15 ns 

Write Recovery Time *4 tWR 2 2 2 ns 

Data Hold Time tOH 0 0 0 ns 

Output High-Z from WE*5 twz 10 13 15 ns 

Output Low-Z from WE*5 tow 5 5 5 ns 

WRITE CYCLE TIMING DIAGRAM '1"2 

WRITE CYCLE: WE CONTROLLED 

f-------- twc·3--------j 

AODRESS 

f------tAW-----~ 
;--+~---twP,--~-

DATA IN 

twzi towi. 

DATAOUT __________________________ ~pt---_H~I~G~H-~Z--~--~~:~~:~~:~~:~~::_ 

Note: *1 If CS are in the READ Mode during this period, I/O pins are in the output state so that the input signals of opposite 

1-32 

phase to the outputs must not be applied. 
*2 If CS goes high simulatneously with WE high, the output remains in high impedance state. 
*3 All write cycle are determined from last address transition to the first address transition of the next address. 
*4 tWR is defined from the end point of WRITE Mode. 
*5 Transition is specified at the point of ±500mV from steady state voltage, with Load IT in Fig. 2. 



MB81C69A-25 1IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIImili 

MB81C69A-30 FUJITSU 
MB81C69A-35 1111111111111111111111111111111111111111111111111 

WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE: CS CONTROLLED'!'2 

ADDRESS 

DATA IN 

~----------------twC~*3~----________ ~ 

~------------tAw------------~ 

'AS 
~~~~---------ICW----------~ 

t *5 
LZ 

~----IWp>-----~ 

IOW> ___ -+-_t-=O:o:H--I 

DATA VALID 

C-tWZ *5 

DATAOUT ____________ ~~----__ ~~~H~I~G~H-~Z __ ----------------------__ __ 

Note: *, If CS are in the READ Mode during this period, I/O pins are in the output state so that the input signals of opposite 
phase to the outputs must not be applied. 

*2 If CS goes high simultaneously with WE high, the output remains in high impedance state. 
*3 All write cycle are determined from last address transition to the first address transition of the next address. 
*4 tWR is defined from the end point of WRITE Mode. 
*5 Transition is specified at the point of ±500mV from steady state voltage with Load IT in Fig. 2. 
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TYPICAL CHARACTERISTICS CURVES 

Fig. 3 OPERATING SUPPLY CUR RENT 
vs. SUPPLY VOLTAGE 

'" z 
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0: 
WI-

~ ffi 1.1 
co: 
wo: 
N:J 
:::;" 
c( > 1.0 
:;;...J 
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§ 
~ 
~ 0.8 

Jl 

TA - 25°C I~( 
ICC2 

V 
V 

~ 
4.5 4.75 5.0 5.25 5.5 

Vee. SUPPLY VOLTAGE (VI 

Fig. 6 "H" LEVEL OUTPUT VOLTAGE 
_ vs. "H" LEVEL OUTPUT CURRENT 
~ 
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'::; 
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I!: 
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...J 
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~ 

TA· 25°C 

r--.. Vee - 5.0V 
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~ 
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Fig.4 OPERATING SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 
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Fig. 7 "L" LEVEL OUTPUT VOLTAGE 
vs. "L" LEVEL OUTPUT CURRENT 
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Fig. 5 OPERATING SUPPLY CURRENT 
vs. FREQUENCY 
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Fig. 8 ACCESS TIME vs. SUPPLY 
VOLTAGE 

TA = 25°C I--

'-..... 
~ 

-............. r----

4.5 4.75 5.0 5.25 5.5 
Vee. SUPPLY VOLTAGE (VI 

Fig. 9 ACCESS TIME vs. AMBIENT 
TEMPERATURE 

Fig. 10 ACCESS TIME VS. LOAD 
CAPACITANCE 
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PACKAGE DIMENSIONS 
CERAMIC DIP (Suffix: -ZI 

MB81C69A-2 5 1111111~lml~lllm~~lllllmlll~lm~~~I~ 
MB81C69A-30 FUJITSU 
MB81C69A-35 1111111111111111111111111111111111111111111111111111 

20-LEAD CERAMIC (CERDIPI DUAL IN-LINE PACKAGE 
(CASE No_: DIP-20C-C031 

R.02510.64) 
REF 

.100±.010 
12.S4±0.25) 

~~~_ .950~:~~~ _~~ __ ~---j 
124.13~~:~~) 

.OSOI1.27)MAX 

© FUJITSU LIMITED 1986 D20Q06S-4C 

~:~~: Dr 
17.32~~:~~) .319±.006 

18.10±0.15) 

Lb1~-----t-----L 

Dimensions in 
inches (millimeterS) 
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PACKAGE DIMENSIONS 
PLASTIC DIP(Suffix: -PI 

20-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No_: DIP-20P-M01) 

1-36 

INDEX-I I 
() .260±.010 

/"" (6.60±0.25) 

(EJECTOR MARK) -.l 
1-------.970~:~~(24.64~~:!:)1----~.-l1 

.100(2.54) 
TYP 

©FUJITSU LIMITED 1986 D20005S-2C 

.034~OOI2 

(0.86~~·30) 

.172(4.36)MAX 

.118(3.0)MIN 

.300±.010 
(7.62±0.25) 

Dimensions in 
inches (millimeters) 



PACKAGE DIMENSIONS 
CERAMIC LCC (Suffix: -TV) 

A, 

A, 
A, 

A, 

A, 

MB81C69A-25 mlllll~lllmlllllmlllllllllllllllll~III~~1 
MB81C69A-30 FUJITSU 
MB81C69A-35 11~lm~III~~ml~III~~~lm~lll~i~!1 

rg 1; (iT 1-1112~ 
B /WE'I/04 

GND 

CERAMIC PACKAGE 
(LCC-20C-F01) 

'PIN NO.1 INOEX 

\ 
b 

2O-PAD CERAMIC (FRIT SEAL) LEADLESS CHIP CARRIER 
(CASE No.: LCC-20C-F01) 

R .012(0.30)TVP 
14 PLCS) 

.050±.006 
.045(1.14)TVP (1.27±0.15) 
065(1 65)TVP .150(3.81) 
. . TVP 

.100(2.54)MAX .195(4.95) 
TVP 

* Shape of PIN NO.1 INDEX: Subject to change without notice. 

©FUJITSU LIMITE01987 C20003S·1C 

.050±.006 
(1.27±0.15) 

.045(1.14) 
TVP 

Dimension in 
inches (inillimeters) 
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CMOS 65,536-BIT 
STATIC RANDOM 
ACCESS MEMORY 

MB81C71A-25 
MB81C71A-35 

65,536 WORDS X 1 BIT HIGH SPEED 
CMOS STATIC RANDOM ACCESS MEMORY 

The Fujitsu MB 81C71A is 65,536 words x 1 bit static random access memory 
fabricated with a CMOS technology. 
It uses fully static circuitry throughout and therefore requires no clocks or 
refreshing to operate. 
The MB 81C71A is designed for memory applications where high performance, 
low cost, large bit storage and simple interfacing are required. 
MB 81C71A is compatible with TTL logic families in all respects; input, output 
and a single +5 V supply. 

• Organization: 65,536 words x 1 bit 

• Static operation: No clocks or refresh required 

• Fast access time: tAA = tACS = 25 ns (MB 81C71A·25) 
tAA = t ACS = 35 ns (MB 81C71A·35) 

• Single +5 V supply ±10% tolerance 

• Separate data input and output 

• TTL compatible inputs and output 

• Three·state output with OR·tie capability 

• Chip select for simplified memory expansion, automatic power down 

• All inputs and output have protection against static charge 

• Standard 22·pin DIP (300 mil) (Suffix: P) 

• Standard 22·pad LCC (Suffix: CV) 

• Standard 24'pin SOJ (300 mil) : (Suffix: PJ) 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Symbol 

Supply Voltage Vcc 

Input Voltage on any pin V,N with respect to G ND 

Output Voltage on any pin 
VOUT with respect to GND 

Output Current lOUT 

Power Dissipation PD 

Temperature Under Bias TB1AS 

Storage 
Ceramic 

TSTG Temperature Plastic 

Value 

-0.5 to +7 

-3.5 to +7 

-0.5 to +7 

±50 

1.0 

-10to+85 

-65 to +150 

-45 to +125 

Unit 

V 

V 

V 

mA 

W 

°c 

°c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

February 1988 
Edition 2.0 

PLASTIC PACKAGE 
DIP·22P·M04 

PLASTIC PACKAGE 
LCC-24P-M02 

PIN ASSIGNMENT 

Vee 

A, 

D,. 

'-____ rcs 

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 
application of any voltage higher than maxi
mum rated voltages to this high impedance 
circuit. 
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Fig. 1- MB 81C71A BLOCK DIAGRAM 

AO-------------c~====~ 

Al--------~~========~ 

Ag ---------I~=========1 ROW 
---- SE LECT • 

CELL 
ARRAY 

128 ROWS 
512 COLUMNS A12-------~~=====1 

A13--------c:~========1 

A14--------------{~=====1 

D, N --------I 

INPUT 
DATA 
CONT. 

COLUMN 110 CIRCUITS 

COLUMN SELECT 

TRUTH TABLE 

CS WE MODE OUTPUT 

H X NOT SELECTED HIGH-Z 

L L WRITE HIGH-Z 

L H READ DOUT 

CAPACITANCE (TA = 25°C,f= 1 MHz) 

Value 
Parameter Symbol 

Typ 

Input Capacitance (V,N = a V I C'N 

CS Capacitance (Vcs = a VI Ccs 

Output Capacitance (VOUT = a VI COUT 

1-40 

----vee 

-GND 

t-----DOUT 

POWER 

STANDBY 

ACTIVE 

ACTIVE 

Unit 
Max 

7 pF 

7 pF 

7 pF 



RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) 

Value 
Parameter Symbol 

Min Typ 

Supply Voltage Vee 4.5 5.0 

Input Low Voltage VIL -2.0· 

Input High Voltage V IH 2.2 

Ambient Temperature TA 0 

• -2.0 V Min, for pulse width less than 20 ns. (VIL Min = -0.5 V at DC Level) 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Test Condition Symbol 
Min 

Input Leakage Current 
VIN = 0 V to Vee 

ILl -10 
Vee = Max. 

CS= VIH , 
Output Leakage Current VOUT = 0 V to 4.5 V I LO -10 

Vee = Max. 

CS = VIL, Vee = Max. 
Operating Supply Current DOUT = Open, lee 

Cycle = Min. 

Vee = Min. to Max. 

Standby Current 
CS~ Vee -0.2 V 

ISB! V IN ~0.2 Vor 
VIN ~ Vee -0.2 V 

Standby Current 
Vee = Min. to Max. 

ISB2 CS= VIH 

Output Low Voltage IOL = 16 rnA VOL 

Output High Voltage IOH = -4 rnA VOH 2.4 

Vee = 0 V to Vee Min. 
Peak Power on Current CS = Lower of Vee or Ipo 

V IH Min. 

Ilmlllllm~~mml~lm~mmlmlll~~~1 
MB81C71A-25 FUJITSU 
MB81C71A-35 1111111111111111111111111111111111111111111111111111 

Unit 
Max 

5.5 V 

0.8 V 

6.0 V 

70 °c 

Value 
Unit 

Typ Max 

10 p.A 

10 p.A 

80 mA 

10 mA 

20 rnA 

0.45 V 

V 

30 mA 
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Fig. 2 - AC TEST CONDITIONS 

• Input Pulse Levels: 
• Input Pulse Rise And Fall Times: 
• Timing Measurement Reference Levels: 

• 0 utput Load: 

5.0 V 

;. 
480 n 

0.6 V to 2.4 V 
5 ns 
Input: 1.5 V 
Output: 1.5 V 

Load I: CL = 30 pF DOUT-----,r-----~ 

(Including Scope and I 1 CL 

Load IT: CL = 5 pF for 'LZ. 'HZ. 'ow and 'wz 

Jig Capacitance) 

AC CHARACTERISTICS 

$,255n 

~ 

(Recommended operating conditions unless otherwise noted.) 

READ CYCLE*l 

Parameter Symbol 

Read Cycle Time *2 tRC 

Address Access Time *3 tAA 

Chip Select Access Time*4*5 tACS 

Output Hold from Address Change tOH 

Chip Selection to Output in Low·Z· 6 *7 tLZ 

Chip Deselection to Output in High·Z*6'7 tHZ 

Chip Selection to Power Up Time tpu 

Chip Deselction to Power Down time tpD 

Note: * 1 WE is high for Read cycle. 

MB 81C71A·25 MB 81C71A·35 

Min Max Min Max 

25 35 

25 35 

25 35 

5 5 

5 5 

0 10 0 15 

0 0 

20 30 

'2 All Read cycles are determined from the last address transition to the first address transition of next cycle. 
*3 Device is continuously selected. CS = V IL. 

1-42 

* 4 Address valid prior to or coincident with CS transition low. 
*5 Chip deselection for a finite time is less than t RC prior to selection. 
*6 Transition is measured at the point of ±500mV from steady state voltage. 
*7 This parameter is measured with specified loading Load n in Fig. 2. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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READ CYCLE TIMING DIAGRAMo 1 °2 

READ CYCLE: ADDRESS CONTROLLEDo3 

r.-------------tRC--------------~ 

ADDRESS 

DATA OUT 

1---------tAA------J 

PREVIOUS DATA 
VALID 

READ CYCLE: CS CONTROLLEDo405 

DATA VALID 

1--------------tRC--------------~ 

1--------tACS---------I 

DATA OUT __ ~r.._;.H;.;.IG;;.H;.;.-;;.Z--< DATA VALID 

ICC 

158 

~Undofinad &;I Don't Car. 

Note: * 1 WE is high for Read cycle. 

HIGH-Z 

*2 All Read cycles are determined from the last address transition to the first address transition of next cycle. 
*3 Device is continuously selected, CS = V IL' 

* 4 Address valid prior to or coincident with CS transition low. 
*5 Chip deselection for a finite time is less than tRC prior to selection. 
*6 Transition is measured at the point of ±500mV from steady state voltage. 
*7 This parameter is measured with specified loading Load II in Fig. 2. 
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WRITE CYCLE*h2 

Parameter 

Write Cycle Time*3 

Chip Selection to End of Write 

Address Valid to End of Write 

Address Setup Time 

Address Setup Time 

Write Pulse Width 

Data Valid to End of Write 

Write Recovery Time 

Data Hold Time 

Write Enable to Output in High-Z*4*5 

Output Active from End of Write*4*5 

MB 81C71A-25 
Symbol 

Min Max 

twc 25 

tcw 20 

tAW 20 

tASl 0 

tAs2 0 

twp 20 

tow 15 

tWR 2 

tOH 2 

twz 0 10 

tow 0 

WRITE CYCLE TIMING DIAGRAM' 1 "2 

WRITE CYCLE: WE CONTROLLED 
r-----------------twC"~3~------------~ 

ADDRESS ~::~I~ ___________________________________________________ J 

DATA IN 

DATA OUT 

tOH 
tow,----+~--o-l 

DATA VALID 

~ Undefined 

Note: *1 CS or WE must be high during address transitions. 

MB 81C71A-35 

Min Max 

35 

30 

30 

0 

0 

30 

20 

2 

2 

0 15 

0 

*2 If CS goes high simultaneously with WE high, the output remains in high impedance state. 

1-44 

*3 All Write cycles are determined from the last address transition to the first address transition of next cycle. 
*4 Transition is measured at the point of ±500mV from steady state voltage. 
*5 This parameter is measured with specified Load II in Fig. 2. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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WRITE CYCLE TIMING DIAGRAM "'2 

WR ITE CYCLE: CS CONTROLLED '3 

i----------------twc-------------<-j 

ADDRESS 

tAS2 
~---+ __ --------tcw--------__ ~ 

1---------tAw---------~+-t:-W-R-J 

f-1 .. o-----twp------1 
--------------~ 

DATA IN DATA VALID 

DATAOUT--_ 
HIGH-Z 

~ Undefined o Don't Care 

Note: *1 CS or WE must be high during address transitions_ 
*2 If CS goes high simultaneously with WE high, the output remains in high impedance state_ 
*3 All Write cycles are determined from the last address transition to the first address transition of next cycle_ 
*4 Transition is measured at the point of ±500mV from steady state voltage. 
*5 This parameter is measured with specified Load II in Fig. 2. 
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TYPICAL CHARACTERISTICS CURVES 
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Fig. 3 - OPERATING SUPPLY CURRENT 
VS. SUPPLY VOLTAGE 

TA = 25"C 

1.2 
Cycle min. 

1.1 ./ 

1.0 V 
/ 

0.9 

/' 
0.8 

4.5 5.0 5.5 
Vee. SUPPLY VOLTAGE (V) 

Fig. 5 - STANDBY SUPPLY CURRENT 
VS. SUPPLY VOLTAGE 
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Fig. 4 - OPERATING SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 
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Fig. 6 - STANDBY SUPPLY CURRENT 
VS. AMBIENT TEMPERATURE 
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TYPICAL CHARACTERISTICS CURVES (Cont'd) 
Fig. 8 - "H" LEVEL OUTPUT VOLTAGE 

vs. "H" LEVEL OUTPUT CURRENT 

4.0 

!; 3.8 
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6;; 3.6 
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Vee = 5.0V 
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IOH. "H" LEVEL OUTPUT CURRENT (rnA) 

Fig. 10 - ACCESS TIME vs. SUPPLY 
VOLTAGE 

1.2 
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Fig. 9 - "L" LEVEL OUTPUT VOLTAGE 
vs. "L" LEVEL OUTPUT CURRENT 
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Fig. 11 - ACCESS TIME vs. AMBIENT 
TEMPERATURE 
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Fig. 12 - ACCESS TIME vs. LOAD 
CAPACITANCE 
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PACKAGE DIMENSIONS 
(Suffix: ·P) 

22·LEADS PLASTIC DUAL IN·LlNE PACKAGE 
(CASE No.: DIP·22P·M04) 

1-48 

INDEX-1 

.100(2.54) I 
TYP 

©FUJITSU LIMITED 1986 D22008S-3C 

1.070~:~~: 

1 n .260±.010 
~ (6.6±0.25) 

(EJECTOR MARK) ~ 

I .010±.002 
(0.25±0.05) 

CL].183(4.66)MAX 

~.118(3.0)MIN 
.018±.003 .020(0.51) 

(0.46±0.08) MIN 

.3OO±.010 
(7.62±0.25) 

Dimensions in 
inches (millimeters) 



PACKAGE DIMENSIONS 
(Suffix: -PJ) 

24-LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No_: LCC-24P·M02) 

I o .300(7.62) 

~~rroIN~DE~XTcr~nT~~~' 
.050'.005 

(1.27±0.13) 

.550(13.97)REF 

* : This dimensiQn includes resin protrusion. (Each side: .006(O.15)MAX.) 
019811 FUJITSU LIMITED C24002S-1C 

I 
.091(2.31) 

NOM 

1111111111111111111111111111111111111111111111111111 

MB81C71A-25 FUJITSU 
MB81C71A-35 1111111111111111111111111111111111111111111111111111 

.025(0.64) 
MIN 

.14413.66) 
MAX 
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PACKAGE DIMENSIONS 
(Suffix: -CV) 

1-50 

CERAMIC PACKAGE 
LCC-22C-A01 

/ 
6 

22·PAD CERAMIC IMETAL SEAL} LEADLESS CHIP CARRIER 
(CASE No.: LCC-22C-A01) 

-Share of PIN NO.1 INDEX, Subject 10 changed without nOl;ee. 

,2,1122'211 
L-1 .... _:1._'-' 

L_J 

Dimensions in 
inches (miHimeters} 



16K x 4 BIT (65,536·BIT) HIGH SPEED STATIC RANDOM 
ACCESS MEMORY WITH AUTOMATIC POWER DOWN 

The Fujitsu MB B1C74 is a 16,384,words by 4·bits static random access 
memory fabricated with a CMOS silicongate process. The memory utilizes 
asynchronous circuitry and may be maintained in any state for an indefinite 
period of time. All pins are TTL compatible, and a single 5 volts power supply 
is required. 

The MB 81C74 is ideally suited for use in microprocessor systems and other 
applications where fast access time and ease of use are required. All devices 
offer the advantages of low power dissipation, low cost and high performance. 

• Organization: 16,384 words x 4 bits 

• Fast access time: tAA = tACS = 25 ns max. (MB 81C74·25) 
tAA = tACS = 35 ns max. (MB 81C74·35) 

• Completely static operation: No clock required 

• TTL compatible inputs/outputs 

• Three·state output 

• Common data input/output 

• Single +5V power supply ±10% tolerance 

• Low power standby: 440 mW max. (Active) 
55 mW max. (Standby, CMOS level) 

110 mW max. (Standby, TTL level) 

• Standard 22'pin DIP (300 mil): Suffix: P 

• Standard 22·pad LCC Suffix: CV 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 

Rating Symbol Value Unit 

Supply Voltage Vcc -0.5 to +7.0 V 

I nput Voltage V1N -3.5 to +7.0 V 

Output Voltage VOUT -0.5 to +7.0 V 

Output Current lOUT ±20 mA 

Power Dissipation Po 1.0 W 

Temperature Under Bias TslAS -10 to +85 °c 

Storage Ceramic -65 to +150 
TSTG °c Temperature Range Plastic -45 to +125 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATI NGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

MB81C74-25 
MB81C74-35 

December 1987 
Edition 2.0 

PLASTIC PACKAGE 
Dlp·22P·M04 

CERAMIC PACKAGE 
LCC·22C·AOl 

PIN ASSIGNMENT 

'2'1122'21' 
L-1 >-- .. ~" 

U 

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 
application of any voltage higher than maxi
mulTi rated voltages to this high impedance 
circuit. 
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Fig. 1 - MB 81C74 BLOCK DIAGRAM 

... 
AO ~ 

---0 vee 

- 128x128x4 
---0 GND 

~ • MEMORY CELL 

• ARRAY 
L 

ROW • 
~ 

SELECT f-

.;t • • • 
COLUMN 

I/O CIRCUITS 
I/O, 

~ f= 
...... 
~ 

INPUT COLUMN 
DATA SELECT 

..... CONTROL 

~ ~ 
I 

~ r ~ ~~ ~ ~ ~ -it 

11II 

~ r 6 

~ jg A6 A7 As As A,o A11 A'2 

1/03 

"1 POWER 
TRUTH TABLE 

DOWN CS WE 
CIRCUIT 

H X 
L L 
L H 

CAPACITANCE (TA· 25°C. f = 1 MHz) 

Parameter Symbol 

I/O Capacitance (VIIO = OV) CliO 

Input Capacitance (V IN = OV) CIN 

1-52 

MODE 

NOT SELECTED 
WRITE 
READ 

Min 

1/0 POWER 

HIGH-Z STANDBY 
DIN ACTIVE 

DOUT ACTIVE 

Typ Max 

7 

7 

r-
r-

Unit 

pF 

pF 
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RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vcc 4.5 5.0 5.5 V 

Input Low Voltage V,L _2.0'1 0.8 V 

Input High Voltage V,H 2.2 6.0 V 

Ambient Temperature TA 0 70 °c 

'1 -2.0 V Min. for pulse width less than 20 ns. (V,L min. = -0.5 V at DC level) 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Symbol Min Max Unit Test Conditions 
-- .-- -----._-

ISB1 10 rnA 
CS ~ Vcc-O.2V, V ,N ~0.2V 

Standby Supply Current 

Active Supply Current 

Operating Supply Current 

Input Leakage Current 

Output Leakage Current 

Output High Voltage 

Output Low Voltage 

Note: All voltages are referenced to GND 

• Output Load 

+5V 

R1 

or V ,N ~ Vcc-0.2V 

ISB2 20 rnA CS = V ,H 

Icc1 60 rnA 
I 

lOUT = 0 rnA. CS = V,L. 
V ,N = V ,L or V ,H 

Icc2 80 rnA Cycle = Min., lOUT = 0 rnA 

ILl -10 10 IJA V ,N = OV to Vcc 

I LiIO -10 10 IJA CS = V ,H , V ,/O = OV to Vce 

VOH 2.4 V IOH = -4 rnA 

VOL 0.4 V IOL =8mA 

Fig. 2 - AC TEST CONDITIONS 

• Input Pulse Levels: 0 V to 3.0 V 

• Input Pulse Rise & Fall Times: 5 ns (Transient between 0.8 V and 2.2 V) 

• Timing Reference Levels: Input: 1.5 V 
Output: 1.5 V 

* Including Scope and Jig Capacitance 

R1 R2 CL Parameters Measured 

Load I 480,n 255,n 30pF except tCLZ' tCHZ, tWLZ' and t WHZ 

Load II 480,n 255,n 5 pF tCLZ, tCHZ, 1WLZ' tWHZ 
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AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 
READ CYCLE'1 

MB 81C74·25 MB 81C74·35 
Parameter Symbol 

Min Max Min Max 

Read Cycle Time tRC 25 35 

Address Access Time '2 tAA 25 35 

CS Access Time '3 t AcS 25 35 

Output Hold from Address Change tOH 5 5 

Output Hold from CS t OHC 3 3 

Chip Selection to Output Low·Z'4'5 tCLZ 5 5 

Chip Deselection to Output High.z'4 '5 tCHZ 10 15 

Power Up from CS tpu 0 0 

Power Down from CS tpD 20 30 

READ CYCLE TIMING DIAGRAM" 

READ CYCLE 1'2 

ADDRESS -€ ___ =-tAA =;-~.-_-=-=_~_tOH=I_ 
PREVIOUS DATA VALID ~ DATA VALID . ~ DOUT 

READ CYCLE: CS CONTROLLED'3 

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

DATA VALID 
HIGH-Z 

DOUT 

SUPPLY 
CURRENT 

f--"~---ICc--,--~-tPo~ 
Undefined: IlO!I Don't Care: III 

Note: 
'1 WE is high for Read cycle. 
*2 Device is continuously selected, CS = V1L . 
*3 Address. valid prior to or coincident with CS transition low. 
*4 Transition·is measured at the point of ±500 mV from steady state voltage. 
*5 This Parameter is specified with Load II in Fig. 2. 
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



WRITE CYCLE"' 

MB 81C74-25 
Parameter Symbol 

Min Max 

Write Cycle Time '2 twe 25 

Address Valid to End of Write tAW 20 

Chip Select to End of Write tew 20 

Data Valid to End of Write tow 13 

Data Hold Time tOH 2 

Write Pulse Width twp 20 

Address Setup Time tAS 0 

Write Recovery Time tWR 2 

Output High-Z from WE'3 '4 tWHz 10 

Output Low-Z from WE'3'4 tWLZ 0 10 

WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE I: WE CONTROLLED"'2 

twe 

ADDRESS 

tew 

tAW 
i---tAS twp 

tow 

HIGH-Z 
DATA VALID 

I----tWHZ 

DOUT 

Undefined: a 
Note: 

mmmlmllllllll~~mllml~mlmllllllill 
MB81C74-25 FUJITSU 
MB81C7 4-35 1IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIImili 

MB 81C74-35 
Unit 

Min Max 

35 ns 

30 ns 

30 ns 

17 ns 

2 ns 

30 ns 

0 ns 

2 ns 

15 ns 

0 15 ns 

tWR-

tOH-

HIGH-Z 

!--tWLz 

*1 If CS goes high simultaneously with WE high, the output remains in high impedance state. 
*2 All write cycle are determined from last address transition to the first address transition of the next address. 
*3 Transition is measured at the point of ±500 mV from steady state voltage. 
*4 This parameter is specified with Load n in Fig. 2. 

1-55 

.. 



.. 

11~1~~Hlml~IIII~111 
FUJITSU MB81C74-25 
i!III!UiHIIIIIII~1 MB81C74-35 

WRITE CYCLE II: CS CONTROLLEOo,o2 

ADDRESS 

HIGH·Z 

Note: 

Don't Car.: • 

'1 If CS goes high simultaneously with Wi: high, the output remains in high impedance state. 
*2 All write cycle are determined from last address transition to the first address transition of the next address. 
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TYPICAL CHARACTERISTICS CURVES 
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TYPICAL CHARACTERISTICS CURVES (Cont'd) 
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Fig. 8 - "H" LEVEL OUTPUT VOLTAGE 
VI. "H" LEVEL OUTPUT CURRENT 
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PACKAGE DIMENSIONS 
(Suffice: -PI 
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MB81C74-25 FUJITSU 
MB81C7 4-35 1111111111111111111111111111111111111111111111111111 

22-LEADS PLASTIC DUAL IN-LINE PACKAGE 
(CASE No_: DIP-22P-M04) 

.100(2.541 I 
TYP 

©FUJITSU LIMITED 1986 D22008S-3C 

---1 
n .260±.010 
~ (6.6±0.251 

(EJECTOR MARKI ~ 

I 
.010±.002 

(0.25±0.051 

.300±.010 
(7.62±0.251 

Dimensions in 
inches (millimeters) 

1-59 

.. 



.. 

1IIImllll~llllllllllmlllllllllmllllllllll~11 
FUJITSU MB81C74-25 

11111111111111111111111111~llllllllllllllllllmlll MB81C74-35 

PACKAGE DIMENSIONS 
(Suffice: -CV) 

22-PAD CERAMIC (METAL SEAL) LEADLESS CHIP CARRIER 
(CASE No.: LCC-22C-A01) 

1-60 

6 

'PIN NO.1 INDEX 

/ 

.495±.010 
(12.57.0.25) 

.065(1.65) 
TYP 

R.012(0.30)TYP 
(4 PLCS) 

.085(2.1 

R.008(0.20)TYP 
(22PLCS) 

.045(!:.1~ 
TYP 

.083(2.11) 

MAX 

*Share of PIN NO.1 INDEX: Subject to changed without notice. 

© FUJITSU LIMITED 1987 C22002S·2C 

.050 •. 006 
(1.27.0.15) 

Dimensions in 
inches (millimeters) 



16K x 4 BIT (6S,S36-BIT) HIGH SPEED STATIC RANDOM 
ACCESS MEMORY WITH AUTOMATIC POWER DOWN 

The Fujitsu MB 81C75 is a 16,384-words by 4-bits static random access 
memory fabricated with a CMOS silicongate process. The memory utilizes 
.asynchronous circuitry and may be maintained in any state for an indefinite 
period of time. All pins are TTL compatible, and a single 5 volts power supply 
is required. 

The MB 81C75 is ideally suited for use in microprocessor systems and other 
applications where fast access time and ease of use are required. All devices 
offer the advantages of low power dissipation, low cost and high performance. 

• Organization: 16,384 words x 4 bits 
Fast access time: tAA = t ACS = 25 ns max. (MB 81 C75-25) 

tOE = 10 ns max. 
tAA = t ACS = 35 ns max. (M8 81C75-35) 
tOE = 15 ns max. 

• Completely static operation: No clock required 

• TTL compatible inputs/outputs 

• Three-state output 

• Common data input/output 

• Single +5 V power supply ±10% tolerance 

• Low power standby: 440 mW max. (Active) 
55 mW max. (Standby, CMOS level) 

110 mW max. (Standby, TTL level) 

• Standard 24-pin DIP (300 mil): Suffix: P 

• Standard 28-pad LCC : Suffix: CV 
• Standard 24-pin SOJ (300 mil): Suffix: PJ 
ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Symbol 

Supply Voltage Vce 

Input Voltage Y'N 

Output Voltage VOUT 

Output Current lOUT 

Power Dissipation Po 

Temperature Under Bias TBIAS 

Storage Ceramic 
Temperature TSTG 
Range Plastic 

Value 

-0.5 to +7.0 

-3.5 to +7.0 

-0.5 to +7.0 

±20 

1.0 

-10 to +85 

-65 to +150 

-45 to +125 

Unit 

V 

V 

V 

mA 

W 

°c 

°c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

MB81C75-25 
MB81C75-35 

February 1988 
Edition 2.0 

PLASTIC PACKAGE 
DIP-24P-M03 

PLASTIC PACKAGE 
LCC-24P-M02 

PIN ASSIGNMENT 

V" 
A, 

A" 
A, A" 
A, An 

A, A" 

1104 

I{03 

1/02 

1/01 

We 

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 
application of any voltage higher than maxi
mum rated voltages to this high impedance 
circuit. 

----------------------~ 
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.. Fig. 1 - MB 81C75 BLOCj< DIAGRAM 

AO 
to. 

-----avec 

f- 12Bx 12Bx4 ----oGND 

MEMORY CELL 

ROW 
ARRAY 

SELECT . 
r-

AS 
to. 

L • • • J 
to. 

COLUMN 
1/0 CIRCUITS 

1/01 

~ f:::: 
...... 

~ INPUT COLUMN 
DATA SELECT 

1/02 

CONTROL 

~ ~ ~UliJ~~~ 
I 
~ ~ 

IIII 
.t !? ? ? 

~ 
r-

AG A7 As Ag Al0AllA12 

~FD- f--

:f~ 
Y POWER TRUTH TABLE 

DOWN 
CS WE OE MODE 1/0 POWER CIRCUIT 
H X X NOT SELECTED HIGH Z STANDBY 

L H H OUTPUT DESABLE HIGH-Z ACTIVE 

L H L READ DOUT ACTIVE 

L L X WRITE DIN ACTIVE 

CAPACITANCE (TA = 25°C, f = 1 MHz) 

Value 
Parameter Symbol Unit 

Min Typ Max 

110 Capacitance (V I/O = 0 V) CI/O 7 pF 

Input Capacitance (VIN = 0 V) C IN 7 pF 
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RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) 

Value 
Parameter Symbol 

Min Typ Max 
Unit 

Supply Voltage Vcc 4.5 5.0 5.5 V 

Input Low Voltage V 1L -2.0' 0.8 V 

Input High Voltage V 1H 2.2 6.0 V 

Ambient Temperature TA 0 70 °c 

• -2.0 V Min, for pulse width less than 20 ns. (V1L Min = -0.5 V at DC Level) 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Test Conditions Symbol 
Value 

Unit 
Min Max 

CS ~ Vcc - 0.2 V, V 1N ~ 0.2 V 
ISBl 10 

Standby Supply Current or V IN ~ V cc - 0.2 V mA 

CS= VIH ISB2 20 

Active Supply Current CS = VIL, VIN = VIL or 
ICCl 60 

VIH , lOUT = 0 mA mA 
Operating Supply Current Cycle = Min., lOUT = 0 mA Icc2 80 

Input Leakage Current V IN - 0 V to Vcc III -10 10 p.A 

Output Leakage Current CS = V IH , VI/O = 0 V to Vcc ILi/o -10 10 p.A 

Output High Voltage IOH = -4 mA VOH 2.4 V 

Output Low Voltage IOL =8mA VOL 0.4 V 

Note: All voltages are referenced to GND 

Fig. 2 - AC TEST CONDITIONS 

• Output Load • Input Pulse Levels: 0 V to 3.0 V 
• Input Pulse Rise & Fall Times 5 ns (Transient between 0.8 V and 2.2 V) 

+5V 

Rl 

DOUT 
(110) 

cL.l R2 r .,7" 

.. Including Scope and Jig Capacitance 

• Timing Reference Levels Input: 1.5 V 
Output: 1.5 V 

Rl R2 CL Parameters Maasu red 

Load I 480.0 255.0 30pF except tCLZ, tCHZ' tWLZ, tWHZ. 

tOLZ and tOHZ 

Load II 480.0 255.0 5pF tCLZ. tCHZ, tWLZ. tWHZ. tOLZ 

and tOHZ 
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AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.! 

READ CYCLE*' 

MB B1C75-25 MB 81C75-35 
Parameter Symbol 

Min Max Min Max 

Read Cycle Time tRC 25 35 

Address Access Time*2 tAA 25 35 

CS Access Time *3 tACS 25 35 

OE Access Time *3 tOE 10 15 

Output Hold from Address Change tOH 5 5 

Output Hold from CS toHC 3 3 

CS to output Low-Z*4*5 tCLZ 5 5 

OE to Output in Low-Z*4 *5 tOLZ 0 0 

CS to Output High-z·4 *5 tCHZ 10 15 

OE to Output High-Z*4*5 tOHZ 10 15 

Power Up from CS tpu 0 0 

Power Dwown from CS tpD 20 30 

READ CYCLE "tIMING DIAGRAM" 

READ CYCLE 1'2 

____ ~~f-: :~~=~=~=~=~=~=~=~=-t_A=_A=A:=D=~D=~R=~E=_:~R_':-C-I;~: .~_L~_ID~_ -=~--=~--=~--=~--=~-·~E ____ tO_H=:j,.---
PREVIOUS DATA VALID J(. DATA VALID --.JIl-

ADDRESS 

1-64 

DOUT 

READ CYCLE II '3 

""'" ~~_~-_-___ -_-_-_-___ -_-_-A~D~D~R~E_~R_SC_V~A~L~ID~~~~~~~~~~~~~ ________________ _ 

DOUT HIGH-Z 

SUPPLY ------ -tPu=,r-50-%--------------CURRENT ______________ --1 ICC 

~ Undefined o Don"teare 

Note: *1 WE is high for Read cycle. 
*2 Device is continuously selected, CS=V'L' OE=V'L' 
*3 Address valid prior to or coincident with CS transition low. 
*4 Transition is measured at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load II in Fig. 2. 

HIGH-Z 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



WRITE CYCLE*1 

Parameter Symbol 

Write Cycle Time'2 twc 

Address Valid to End of Write tAW 

Chip Select to End of Write End of Write tcw 

Data Valid to End of Write tow 

Data Hold Time tOH 

Write Pulse Width twp 

Address Setup Time t AS 

Write Recovery Time tWR 

Output High·Z from WE*3*4 tWHZ 

Output Low·Z from WE*3*4 tWLZ 

WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE I: WE CONTROLLED·1•2 

ADDRESS 

HIGH·Z 

MB 81C75·25 

Min Max 

25 

20 

20 

13 

2 

20 

0 

2 

10 

0 20 

HIGH·Z 

MB81C75-25 
MB81C75-35 

MB 81C75·35 

Min Max 

35 

30 

30 

17 

2 

30 

0 

2 

15 

0 30 

HIGH·Z 

~ Undefined l1li Don't Car. 

Note: '1 If CS goes high simultaneously with WE high, the output remains in high impedance state. 
'2 All write cycle are determined from last address transition to the first address transition of the 

next address. 
'3 Transition is measured at the point of ±500mV from steady state voltage. 
'4 This parameter is specified with Load n in Fig. 2. 

~~~~lm~~III~~lm~lm~~~~m~~ 
FUJITSU 
ml~~~~~~~~~lml~mlm~m~~~~~1 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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MB81C75-25 
MB81C75-35 

WRITE CYCLE H: CS CONTROLLED"'2 

ADDRESS 

I&:gJ Undefined • Don'tCa .. 

Note: *1 If CS goes high simultaneously with WE high, the output remains in high impedance state. 

1-66 

*2 All write cycle are determined from last address transition to the first address transition of the 
next address. 
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TYPICAL CHARACTERISTICS CURVES 
Fig. 3 - OPERATING SUPPLY CURRENT 

VS. SUPPLY VOLTAGE 
Fig.4 - OPERATING SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 
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Fig.6 - STANDBY SUprLY CURRENT 
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TYPICAL CHARACTERISTICS CURVES (Cont'd) 
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vs. "H" LEVEL OUTPUT CURRENT 
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PACKAGE DIMENSIONS 
(Suffix: P) 

r- ""'" 
I 

INDEX-2-

24-LEADS PLASTIC DUAL-IN-LlNE PACKAGE 
(CASE No.: Dlp·24p·-M03) 

(f) FUJITSU LIMITED 1987 D24017S-2C 

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII~IIIIIII 
MB81C75-25 FUJITSU 
MB81C75-35 11111111111111111111111111111111111111111111111m~ 

(
. _. ---trMAX 

I 
.300'.010 

17 .62+0.251 

__ J 
,(llQ;',(lO?.J 
!O 75+0 051 

Dimensions in 
;nche~ (millimeten) 
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PACKAGE DIMENSIONS 
(Suffix: ·PJ) 

24-LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No.: LCC-24P·M02) 

,- e: 
~11 '1-I 

1-70 

I I--
.091(2.31 ) 

o .300(7.62) 

~F~EAEIFNEDEMXEAEAEA69696969~~ 
.050±.005 

(1.27±0.13) 

.550(13.97)REF NOM 

(8.64± 
.273±.020 

(6.93±0.51 ) 

!"~ 
.025(0.64) 

MIN 

.144(3.66) 
M X A 

005 
0.13) 

•. 615±.005(15.62±0.13) M032(0.81 )MAX 
Details of "AU part 

.102(2.60) 
NOM 

~ I .017±.004 

* : This dimensiQn includes resin protrusion. (Each side: .006(O.15)MAX-l 
019111 FUJITSU LIMITED C24062S-1C 

• (0.43±0.1 0) Dimensions in 
inches (millimeters). 



PACKAGE DIMENSIONS 
(Suffix: CV) 

(;j) .......... : ... ' .... . . " 

". 

CERAMIC PACKAGE 
LCC-28C-A03 

1111111111111111111111111111111111111111111111111111 

:::~~~:~i IIIW:IIDI_II 

NC 
ASNUVCC NC 

28-PAD CERAMIC (METAL SEAL) LEADLESS CHIP CARRIER 
(CASE No_: LCC-28C-A03) 

·PIN NO.1 INDEX 

/ 

.350±.010 
(8.89±0.25) 

II 
.550±.010 

113.97±0.25) 

.083(2.11)MAX 

R.008(O.20)TYP 
(28PLCS) 

TYP 

·Shape of PIN NO.1 INDEX: Subject to change without notice. 

© FUJITSU LlMITED1987 C28009S·1C 

TYP 

.460(11.68) 
I TYP 

.400(10.16) 
TYP 

.04511.14) 
TYP 

Dimensions in inches 
and (millimeters) 
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Hiflh-speed CMOS SRAMs Static RAM Data Book 

.. 
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64K·BIT (8192x8) HIGH SPEED CMOS STATIC RANDOM 
ACCESS MEMORY WITH AUTOMATIC POWER DOWN 

The Fujitsu MB 81 C78A is 8192 words x 8 bits static random access memory 
fabricated with a CMOS process. The memory utilizes asynchronous circuitry 
and may be maintained in any state for an indefinite period of time. All pins 
are TTL compatible and a single 5 volts power supply is required. 

A separate chip select (CS1) pin simplifies multi package systems design. It 
permits the selection of an individual package when outputs are OR·tied, 
and furthermore on selecting a single package by CS1, the other deselected 
packages automatically power down. 

All devices offer the advantages of low power dissipation, low cost, and high 
performance. 

• Organization: 8192 words x 8 bits 
• Static operation: No clock or timing strobe required 
• Fast access time: tAA = tACS1 = 35 ns max. (MB 81C78A-35) 

tAA = tACS1 = 45 ns max. (MB 81C78A-45) 
• Low power consumption: 495 mW max. (Operating) 

138 mW max. (Standby, TTL level) 
83 mW max. (Standby, CMOS level) 

• Single +5V supply, ±10% tolerance 
• TTL compatible inputs and outputs 
• Three·state outputs with OR·tie capability 
• Chip select for simplified memory expansion, automatic power down 
• All inputs and outputs have protection against static charge 
• Standard 28'pin Plastic DIP package (Suffix: -P-SK) 
• Standard 28·pin Bend type Plastic Flat package (Suffix: ·PF) 
• Standard 32-pad Leadless Chip Carrier (Suffix: ·CV) 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Symbol Value 

Supply Voltage Vce -0.5 to +7 

Input Voltage on any pin 
V1N -3.5 to +7 with respect to GND 

Output Voltage on any I/O 
VOUT -0.5 to +7 with respect to GND 

Output Current lOUT ±20 

Power Dissipation Po 1.0 

Temperature Under Bias TS1AS -10 to +85 

Storage I PLASTIC -40 to +125 
TSTG Temperature I CERAMIC -65 to +150 

Unit 

V 

V 

V 

mA 

W 

'c 

'c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATI NGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

MB81C78A-35 
MB81C78A-45 

November 1987 
Edi1ion 2.0 

PLASTIC PACKAGE 
DIP·28P·M04 

PLASTIC PACKAGE 
FPT-28P.M02 

CERAMIC PACKAGE 
LCC·32C·A02 

PIN ASSIGNMENT 

N.C Vee 
,01",01,4 N.c'Wi~ 

i.~l~~~~1 ~3:13_'1J?.: 

~r4ri5116" 1T18rI9i:!O~ 
'/02 "ssNC, 1/05110& 

'/OJ I/O. 

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 
application of any voltage higher than maxi
mum rated voltages to this high impedance 
circuit. 
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1111111111111111111111111111111111111111111111111 MB81C78A-45 

Fig. 1 - MB 81C78A BLOCK ElIAGRAM 

I-- I-- --Vee 

-GND · · 256x32x8 ADDRESS · ROW · MEMORY CELL BUFFER DECODER 
ARRAY · · 

- -

dS4 I . . . I 
ADDRESS 

I/O GATE 
0 

BUFFER 
& 

COLUMN DECODER 

JS4 I . . . 
J 

OE 

BUFFER DATA I/O BUFFER r--CS 

~ 1 11 111 1 1 
TRUTH TABLE 

CS, CS2 WE OE MODE SUPPLY I/O 
CURRENT STATE 

H X X X STANDBY IS8 HIGH·Z 

L L X X DESELECT Icc HIGH·Z 

L H H H DOUT DISABLE Icc HIGH·Z 

L H H L READ Icc DOUT 
L H L X WRITE Icc DIN 

CAPACITANCE (T A = 2SoC, f = 1MHz) 

Parameter Symbol Typ Max 

Input Capacitance (VIN = OV) (CS" CS2 , OE, WE) C I , 7 

Input Capacitance (V IN = OV) (Other Inputs) C I2 6 

I/O Capacitance (VI/o = OV) CliO B 
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RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 V 

Input Low Voltage V'L -2.0' 0.8 V 

Input High Voltage V'H 2.2 6.0 V 

Ambient Temperature TA 0 70 °c 

• -2.0V Min. for pulse width less than 20 ns. (V'L Min = -0.5V at DC level) 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Symbol Min Max Unit Test Condition 

Input Leakage 
ILl -10 10 p.A V'N = OV to Vee 

Current 

Output Leakage 
ILO -10 10 p.A CS1 = V'H or CS2 = V'L or WE = V'L or 

Current OE = V'H, VOUT = OV to Vee 

Operating Supply 
lee 90 rnA CS1 = V'L 

Current I/O = Open, Cycle = Min 

ISB1 15 rnA 
Vee = Min to Max. CS1 = Vee-0.2V 

Standby Supply 
V'N ~0.2V or V'N ~ Vee-0.2V 

Current 

15B2 25 rnA CS1 = V'H 

Output Low 
VOL 0.4 V IOL =8mA 

Voltage 

Output High 
VOH 2.4 V IOH = -4mA 

Voltage 

Peak Power·on 
Ipo 50 rnA 

Vee = OV to Vee Min. 
Current CS1 = Lower of Vee or V'H Min. 
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Input Pulse Levels: 

AC TEST CONDITIONS 

O.6V to 2.4V 

Input Pulse Rise And Fall Times: 5ns (Transient time between O.8V and 2.2V) 

1-76 

Timing Measurement Reference Levels: Input: 1.5V 
Output: 1.5V 

Output Load I. 

For all except tLz, tHz, twz, tow, 

to LZ , and toHz. 

5V 

4800. 

Fig. 2 

Output Load II. 

5V 

D OUT --;--........ DOUT-_-~ 

2550. 

4800. 

255!l 



AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted. I 

READ CYCLE'1 

MB 81C78A·35 
Parameter Symbol 

Min Max 

Read Cycle Time t Rc 35 

Address Access Time '2 tAA 35 

CS1 Access Time '3 t ACS1 35 

CS2 Access Time '3 t ACS2 15 

Output Hold from Address Change tOH 3 

OE Access Time tOE 15 

Output Active from CS1 '4 '5 t LZ1 5 

Output Active from CS2 '4 '5 t LZ2 3 

Output Active from OE'4'5 tOLZ 3 

Output Disable from CS1 '4 '5 t HZ1 20 

Output Disable from CS2 '4'5 t HZ2 20 

Output Disable from OE'4'5 tOHZ 20 

Note: *1 WE is high for Read cycle. 
*2 Device is continuously selected, CS1 = V1L , CS2 = V 1H and OE = V1L . 

MB81C78A-35 
MB81C78A-45 

MB81C78A·45 

Min Max 

45 

45 

45 

20 

3 

20 

5 

3 

3 

25 

25 

25 

*3 Address valid prior to or coincident with CS1 transition low, CS2 transition high. 
*4 Transition is specified at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load II in Fig. 2. 

1IIIImm~~~II~mlllmllllllmlllm~11111 
FUJITSU 
1IIIIIImmm~~lmm~~~ilmllllll 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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READ CYCLE TIMING DIAGRAM'1 

READ CYCLE I: ADDRESS CONTROLLED'2 

ADDRESS 

DATA OUT PREVIOUS DATA VALID DATA VALID 

READ CYCLE n: CS1, CS2 CONTROLLED'3 

ADDRESS 

CS1 

I/O 

III : Don't Care 

Note: "1 WE is high for Read cycle. 

I8XI : Undefined 

*2 Device is continuously selected, CS1 = V'L, CS2 = V'H and OE = V'L' 
*3 Address valid prior to or coincident with GS1 transition low, CS2 transition high. 
*4 Transition is specified at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load n in Fig. 2. 
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WRITE CYCLE" 

Parameter Symbol 

Write Cycle Time '2 twe 

CS, to End of Write t ew, 

CS2 to End of Write tew2 

Address Valid to End of Write tAW 

Address Setup Time tAs 

Write Pulse Width twp 

Data Setup Time tow 

Write Recovery Time '3 tWR 

Data Hold Time tOH 

-"'4"'5 Output High-Z from WE twz 

Output Low-Z from WE'4's tow 

MB B1C7BA-35 

Min Max 

35 

30 

20 

30 

0 

20 

17 

3 

0 

15 

0 

1111111111111111111111111111111111111111111111111111 

MB81C78A-35 FUJITSU 
MB81C78A-45 1IIIIIIIIIIIIIIIIIIIIIIm~~lllllllllmlmllllll 

MBB1C78A-45 
Unit 

Min Max 

45 ns 

40 ns 

25 ns 

40 ns 

0 ns 

25 ns 

20 ns 

3 ns 

0 ns 

20 ns 

0 ns 

Note: *1 ff CS, goes high simultaneously with WE high, the output remains in high impedance state. 
*2 All write cycles are determined from the last address transition to the first address transition of next address. 
*3 tWR is defined from the end point of Write Mode. 
*4 Transition is specified at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load II in Fig. 2. 
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WRITE CYCLE TIMING DIAGRAM' 

WR ITE CYCLE I: CS" CS2 CONTROLLED 

cs, 

I/O 

III : Don't Care ~ : Undefined 

Nota: *, If OE, CS" and CS2 are in the READ Mode during this period, I/O pins are in the output state so that the input 

1-80 

signals of opposite phase to the outputs must not be applied. 
*2 All write cycle are determined from the last address transition to the first address transition of next address. 
*3 tWR is defined from the end point of WR ITE Mode. 
*4 Transition is specified at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load II in Fig. 2. 
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WRITE CYCLE TIMING DIAGRAM" 

WRITE CYCLE II: WE CONTROLLED 

~ _________________ twc~'2~ __ ~ __________ ~ 

cs, 

tow tOH 

I/O DIN VALID 

I8lSI : Undefined 

Nota: *1 If OE, CS" and CS2 are in the READ Mode during this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

*2 All write cycles are determined from the last address transition to the first address transition of next aduress. 
*3 tWR is defined from the end point of WR ITE Mode. 
*4 Transition is specified at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load II in Fig. 2. 
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Fig. 6 - NORMALIZED POWER SUPPLY 
CURRENT VB. AMBIENT TEMPERATURE 
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Fig. 8 - NORMALIZED POWER SUPPLY 
CURRENT vs. SUPPLY VOLTAGE 

Fig. 9 - NORMALIZED ACCESS 
TIME vs. LOAD CAPACITANCE 
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Fig. 10 - NORMALIZED ACCESS 
TIME VS. LOAD CAPACITANCE 
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Fig. 11 - NORMALIZED ACCESS 
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PACKAGE DIMENSIONS 
PLASTIC DIP (Suffix: P·SK) ,-------------------------------------------------------------------, 

1-84 

... --.; I- ··.05011.27)MAX 

28·LEAD PLASTIC DUAL·IN·LlNE PACKAGE 
(CASE No.: DIP·28p·M04) 

.034 .. ~1210.86~~3) II 

I 

J. 15'MAX 
-~-=·----·--Tr 

.010±.002 
10.25'0.05) 

.30oI7.62)TYP 

I ~1·207(5.25)MAX 

. ·_1·-:=1·",,,·,",, 
-J _ .. 018±.003 

10.46<0.08) 
.02010.51 )MIN 

(f) FUJiTSU LIMITED 1986 D28018S-2C DImensions In 
inches (millimeters) 



PACKAGE DIMENSIONS 
PLASTIC FPT (Suffix: -PFI 

28-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-28P-M021 

INDEX 

d 
~nr~~~~~rrr~ 

1 
.339±.00S 
(S.6±0.2) 

(11.8tO.3) J .465±.012 

bAD .096±.006 OClnn n n n n nn n On (2.45±0.1S) 

-1 r~S;1.;7)~P" -=J ~g.~~f -
©FUJITSU LIMITED 1987 F28011S·2C 

1lllllllllllllllllllllllllllllmlllllllllmm~11 
MB81C78A-35 FUJITSU 
MB81C78A-45 1IIIIIIIm~~~IIIIIIIII~lmlllllllll~l~mlll 

O(O)MIN 

~,oo'" 

.402±.012 

J'" 
.006t.002 

(0.15tO.05) 

.110(2.S)MAX 

View "A" 

.00S(0.1S) 
MAX 

.027(0.6S) 
MAX 

Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS 
CERAMIC LCC (Suffix: ·CVI 

32·PAD CERAMIC (METAL SEALI LEADLESS CHIP CARRIER 
(CASE No.: LCC·32C-A021 

1-86 

'PIN NO.1 INOEX 

.065(1.65) 
TYP 

C.040( 1.02)TVP 
(3PLCS) 

.045(1.14) 
TVP 

.085(2.16) 
MAX 

• Shape of PIN NO.1 INOEX: Subject to change without notice. 

@FUJITSU LIMITED 1987 C32011S·3C 

.360(9.14)TVP 

I .050 •. 006 
(1.27.0.15) 

.300(7.62)TVP 

C.015(0.38)TVP 

Oimensions in inches 
(millimeters) 



12K-BIT (8192x9) HIGH SPEED CMOS STATIC RANDOM 
ACCESS MEMORY WITH AUTOMATIC POWER DOWN 

The Fujitsu MB 81C79A is 8192 words x 9 bits static random access memory 
fabricated with a CMOS process. The memory utilizes asynchronous circuitry 
and may be maintained in any state for an indefinite period of time. All pins 
are TTL compatible and a single 5 volts power supply is required. 

A separate chip select (CS,) pin simplifies multipackage systems design. It 
permits the selection of an individual package when outputs are OR·tied, 
and furthermore on selecting a single package by CS" the other deselected 
packages automatically power down. 

All devices offer the advantages of low power dissipation, low cost, and high 
performance. 

• Organization: 8192 words x 9 bits 
• Static operation: No clock or timing strobe required 
• Fast access time: tAA = tACS' = 35 ns max. (MB 81C79A·35) 

tAA = tAcs, = 45 ns max. (MB 81C79A·45) 
• Low power consumption: 495 mW max. (Operating) 

138 mW max. (Standby, TTL level) 
83 mW max. (Standby, CMOS level) 

• Single +5V supply, ±10% tolerance 
• TTL compatible inputs and outputs 
• Three·state outputs with OR·tie capability 
• Chip select for simplified memory expansion, automatic power down 
• All inputs and outputs have protection against static charge 
• Standard 28'pin Plastic DIP package (Suffix: ·P·SK) 
• Standard 28'pin Bend type Plastic Flat package (Suffix: ·PF) 
• Standard 32·pad Leadless Chip Carrier (Suffix: ·CV) 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Symbol Value 

Supply Voltage Vcc -0.5 to +7 

Input Voltage on any pin 
VIN -3.5 to +7 with respect to GN D 

Output Voltage on any I/O 
VOUT -0.5 to +7 

with respect to GN D 

Output Current lOUT ±20 

Power Dissipation Po 1.0 

Temperature Under Bias T BIAS -10to+85 

Storage I PLASTIC -40 to +125 
TSTG Temperature I CERAMIC -65 to +150 

Unit 

V 

V 

V 

mA 

W 

·C 

DC 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RA TI NGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

MB81C79A-35 
MB81C79A-45 

Novenber 1987 
Edition 2.0 

PLASTIC PACKAGE 
DIP·28P·M04 

PLASTIC PACKAGE 
FPT·28P·M02 

CERAMIC PACKAGE 
LCC·32C·A02 

PIN ASSIGNMENT 

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 
application of any voltage higher than maxi
mum rated voltages to this high impedance 
circuit. 
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Fig. 1 - MB 81C79A BLOCK DIAGRAM 

- - -Vee 

-GND · · 256x32.9 ADDRESS · ROW · MEMORY CELL BUFFER DECODER ARRAY · · 
- -

JS* I . . . I 
ADDRESS 

I/O GATE 

BUFFER 
& 

COLUMN DECODER 

JS* I 
. . . I 

BUFFER DATA I/O BUFFER ~, CS 

ds 111111111 
I/O, 1/03 1/05 1/07 1/09 

1/02 1/04 1/06 I/OS 

TRUTH TABLE 

CS, CS2 WE OE MODE SUPPLY Si~~E CURRENT 

H X X X STANDBY 158 HIGH·Z 

L L X X DESELECT Icc HIGH·Z 

L H H H DOUT DISABLE Icc HIGH·Z 

L H H L READ Icc DOUT 
L H L X WRITE Icc DIN 

CAPACITANCE (T A = 25°C. f = 1MHz) 

Parameter Symbol Typ Max 

Input Capacitance (V IN = OV) (CS,. CS2• OE. WE) C I , 7 

Input Capacitance (VIN = OV) (Other Inputs) C I2 6 

I/O Capacitance (Vila = OV) CliO 8 
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Unit 

pF 

pF 

pF 
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RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 V 

Input Low Voltage V'L -2.0' 0.8 V 

Input High Voltage V'H 2.2 6.0 V 

Ambient Temperature TA 0 70 °c 

• -2.0V Min. for pulse width less than 20 ns. IV,L Min = -0.5V at DC level) 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Symbol Min Max Unit Test Condition 

I nput Leakage 
III -10 10 IlA I V,N = OV to Vee 

Current 

Output Leakage 
ILo -10 10 IlA 

CS, = V'H or CS2 = V'L or WE = V'L or 
Current OE = V ,H , VOUT = OV to Vee 

Operating Supply 
lee 90 mA 

CS, = V ,L 
Current I/O = Open, Cycle = Min 

ISB' 15 mA 
Vee = Min to Max. CS, = Vee-0.2V 

Standby Supply 
V'N ~0.2Vor V ,N ~ Vee-0.2V 

Current 

ISB2 25 mA CS, = V'H 

Output Low 
VOL 

Voltage 
0.4 V IOL = SmA 

Output High 
VOH 2.4 V IOH = -4mA 

Voltage 

Peak Power·on 
Ipo 50 mA 

Vee = OV to Vee Min. 
Current CS, = Lower of Vee or V ,H Min. 

1-89 

.. 



.. 

11111111~~~lmllllllllillll~mllllllmlllll 
FVJITSU MB81C79A-35 

m~~llmllllmlll~~~IIII~~~I~~~~1 MB 81C79A-45 

Input Pulse Levels: 

AC TEST CONDITIONS 

O.6V to 2.4V 

Input Pulse Rise And Fall Times: 5ns (Transient time between O.BV and 2.2VI 

1-90 

Timing Measurement Reference Levels: Input: 1.5V 
Output: 1.5V 

Output Load I. 

For all except tLZ, t HZ , twz, tow, 

tOLZ , and tOHZ' 

Fig. 2 

Output Load n. 

5V 

DOUT ---.----< 

255fl 

480n 

255n 



AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

READ CYCLE'1 

MB 81C79A·35 
Parameter Symbol 

Min Max 

Read Cycle Time t RC 35 

Address Access Time' 2 tAA 35 

CS1 Access Time '3 t ACS1 35 

CS2 Access Time '3 t ACS2 15 

Output Hold from Address Change tOH 3 

OE Access Time tOE 15 

Output Active from CS1 '4 '5 t LZ1 5 

Output Active from CS2 '4 '5 t Lz2 3 

Output Active from OE'4'5 tOLz 3 

Output Disable from CS1 '4 '6 t HZ1 20 

Output Disable from CS2 '4'5 tHZ2 20 

Output Disable from OE'4'5 tOHZ 20 

Note: "1 WE is high for Read cycle. 
*2 Device is continuously selected, CS1 : V1L , CS2 : V 1H and OE: V 1L . 

III~~~I~II~~III~~III!II~III~IIIII~I 
MB81C79A-35 FUJITSU 
MB8l C79A-45 1~~lllml~i~I~!~~ml~~~I!!~lill~ 

MB 81C79A45 
Unit 

Min Max 

45 ns 

45 ns 

45 ns 

20 ns 

3 ns 

20 ns 

5 ns 

3 ns 

3 ns 

25 ns 

25 ns 

25 ns 

*3 Address valid prior to or coincident with CS1 transition low, CS2 transition high. 
*4 Transition is specified at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load IT in Fig. 2. 
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READ CYCLE TIMING DIAGRAM'1 

READ CYCLE I: ADDRESS CONTROLLED'2 

ADDRESS 

DATA OUT PREVIOUS DATA VALID 

READ CYCLE n: CS,. ~ CONTROLLED'3 

ADDRESS 

1/0 DOUT VALID 

~ : Undefined • : Don't Car. 

Note: *1 WE is high for Read cycle. 

1-92 

*2 Device is continuously selected, CS1 = V 1L , ~ = V 1H and OE = V 1L • 

*3 Address valid prior to or coincident with CS1 transition low, CS2 transition high. 
*4 Transition is specified at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load n in Fig. 2. 



WRITE CYCLE" 

Parameter Symbol 

Write Cycle Time '2 twe 

CS, to End of Write t ew, 

CS2 to End of Write tew2 

Address Valid to End of Write tAW 

Address Setup Time tAs 

Write Pulse Width twp 

Data Setup Time tow 

Write Recovery Time '3 tWR 

Data Hold Time tOH 

Output High-Z from WE'4'5 twz 

-*4·5 Output Low-Z from WE tow 

MB 81C79A-35 

Min Max 

35 

30 

20 

30 

0 

20 

17 

3 

0 

15 

0 

l~mllmm~~~mloo~lmlllll~OO~~~1 
MB81C79A-35 FUJITSU 
MB81C79A-45 Imllll~~ml~~~~~~~lllllmlll~~~~m 

MB 81C79A-45 
Unit 

Min Max 

45 ns 

40 ns 

25 ns 

40 ns 

0 ns 

25 ns 

20 ns 

3 ns 

0 ns 

20 ns 

0 ns 

Note: *1 If CS, goes high simultaneously with WE high, the output remains in high impedance state. 
*2 All write cycles are determined from the last address transition to the first address transition of next address. 
*3 tWR is defined from the end point of Write Mode. 
*4 Transition is specified at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load IT in Fig. 2. 
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WRITE CYCLE TIMING DIAGRAM" 

WRITE CYCLE I: CS1 , CS2 CONTROLLED 

I/O 

~ : Undefined .: Don'tea .. 

Note: *, If OE, CS1 , and CS2 are in the READ Mode during this period, I/O pins are in the output state so that the input 

1-94 

signals of opposite phase to the outputs must not be applied. 
*2 All write cycle are determined from the last address transition to the first address transition of next address. 
*3 tWR is defined from the end point of WR ITE Mode. 
*4 Transition is specified at the point of ±500inV from.steady state voltage. 
*5 This parameter is specified with Load n in Fig. 2. 



WRITE CYCLE TIMING DIAGRAM" 

WRITE CYCLE II: WE CONTROLLED 

cs, 

CS2 

Illmllllll~~lllmlllmlll~~~~llmll!ll~ 
MBB1C79A-35 FUJITSU 
MBB1C79A-45 1111~11111~lllmlllllll~!~~m~~~~M~1 

110 DIN VALID 

1881 : Undefined III : Don't Care 

Note: *1 If OE, CS" and CS2 are in the READ Mode during this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

*2 All write cycles are determined from the last address transition to the first address transition of next address. 
*3 tWR is defined from the end point of WR ITE Mode. 
*4 Transition is specified at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load IT in Fig. 2. 
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Fig. 3 - NORMALIZED ACCESS 
TIME VS. SUPPLY VOLTAGE 
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Fig. 4 - NORMALIZED ACCESS' 
TIME VS. AMBIENT TEMPERATURE 
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Fig. 5 - NORMALIZED POWER SUPPLY 
CURRENT VS. AMBIENT TEMPERATURE 

Fig. 6 - NORMALIZED POWER SUPPLY 
CURRENT VS. AMBIENT TEMPERATURE 
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Fig. 7 - NORMALIZED POWER SUPPLY 
CURRENT VS. SUPPLY VOLTAGE 
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Fig. 8 - NORMALIZED POWER SUPPLY 
CURRENT vs. SUPPLY VOLTAGE 

Fig. 9 - NORMALIZED ACCESS 
TIME vs. LOAD CAPACITANCE 
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Fig. 10 - NORMALIZED ACCESS 
TIME VS. LOAD CAPACITANCE 
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Fig. 11 - NORMALIZED ACCESS 
TIME VS. LOAD CAPACITANCE 
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Fig. 12 - NORMALIZED POWER 
SUPPL Y CURRENT VS. FREQUENCY 
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PACKAGE DIMENSIONS 
PLASTIC DIP (Suffix: P-SK) 

28-LEAD PLASTIC DUAL-IN-L1NE,PACKAGE 
(CASE No_: DIP-28P-M04) 

,~':':"l: :~,,:cr:M:'::: :0: : ]3~~ 
1 1.392~:~~~f35.36~~:;) .1 

.050(1.27)MAX 

.010±.002 
(O.25±0.05) 

.300(7.62)TVP 

.100(2.54) I 
TVP 

c;::].207(5.25)MAX 

-+-l.118(3.0)MIN 

.020(0.51 )MIN 

©1986 FUJITSU LIMITED D28018S·2C 

1-98 

Dimensions in 
inches (millimeters) 



PACKAGE DIMENSIONS 
PLASTIC FPT (Suffix: ·PF) 

28·LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT·28p·M02) 

f 
.339'.008 
(8.6'0.2) 

INDEX J .465'.012 d (11.8'0.3) 

~::;:;:::;:;::::;:;:::;::;::;:;=n=;:;:::;:;=;:;:::;:;:=;::;~ 

b A ~D .096'.006 Jdllttn:rTJlJ1J1Qri.nP.n__ (2.45'0.15) 

--l T..050(1.27)TYP J ig~~',;g~ 
© 1987 FUJITSU LIMITEDF28011S·2C 

~~I~~~~I~lllm~IIIIII~~~lllil~111 
MB81C79A-35 FUJITSU 
MB81C79A-45 11~~lmlllllllllllll~~II!~lm~~m!111 

O(O)MIN 
(STAND OFF) 

1 
.402'.012 

J'" 
.006'.002 

(0.15.0.05) 

View "A" 

.008(0. 181 
MAX 

.027(0.68) 
MAX 

Dimensions in 
inches (millimeters) 
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FUJITSU MB81C79A-35 
~~~~~~~~I~~~MOO~II~OO~~~~ MB81C79A .. 45 

PACKAGE DIMENSIONS 
CERAMIC LCC (Suffix: -CV) 

32-PAD CERAMIC (METAL SEAL) LEADLESS CHIP CARRIER 
(CASE No _: LCC-32C-A02) 

1-100 

'PIN NO.1 INDEX 

.065(1.65) 
TYP 

C.040(1.02)TYP 
(3PLCS) 

.045(1.14) 
TYP 

.085(2.16) 
MAX 

* Shape of PIN NO.1 INDEX: Subject to change without notice. 

@FUJITSU LIMITED 1987 C32011S·3C 

.360(9.14)TYP 

I .050±.OOS 
(1.27±0.15) 

.300(7.62)TYP 

C.015(0.38)TYP 

Dimensions in inches 
(millimeters) 



262,144 WORDS x 1 BIT HIGH SPEED CMOS STATIC 
RANDOM ACCESS MEMORY 

The Fujitsu MB81C81A Is 262,144 words x 1 bit static random access memory 
fabricated with a CMOS technology. 

Since MB81C81A consists of NMOS cells and CMOS peripherals, It Is packaged In 300 
mil DIP and reached low power dissipation such as 550 mW. 

It uses fully static circuitry and therefore requires no clocks or refreshing to operate. 

The MB81C81A Is designed for memory applications where high performance, low cost, 
large bit storage and simple InterfaCing are required. 

MB81C81A Is compatible with TTL logic families In all respects; Input, output and a 
single +5 V supply. 

• Organization: 262,144 words x 1 bit 

• Static operation: No clocks or refresh required 

• Fast access time: 35 ns max. (MB81C81A-35) 
45 ns max. (MB81C81A-4S) 

• Single +5V supply :Il 0% tolerance 

• Separate data Input and output 

• TTL compatible Inputs and output 

• Three-state output with OR-tie capability 

• Chip select for simplified memory expansion, automatic power down 

• All Inputs and output have protection against static charge 

• 300 mil width 24-pln Dual In-Line Package 
(Sufflx: Plastic DIP; P-SK, Ceramic DIP; C-SK) 
24 pad LCC (Suffix: CV) 
24 pad SOJ (Suffix: PJ) 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 

Rating 

Supply Voltage 

Input Voltage on any pin with to aND 

Output Voltage on any pin with to aND 

Output Current 

Power Dissipation 

Temperature under Bias 

Storage Temperature 

, DC: min. = -0.5 V 
NOTE: 

L CERAMIC 
I PLASTIC 

Symbol 

Vcc 

VIN 

VOUT 

lOUT 

Po 

TelAs 

TSTG 

Value 

-0.5 to +7 

-3.5' to +7 

-0.5 to +7 

±20 

1.0 

-10 to +85 

-65 to +150 
-45 to +125 

Unit 

V 

V 

V 

mA 

W 

·C 

·C 

Permanent device damage may occur If the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed In the operational sections of this data sheet. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 

Copyright @1988 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 

MB81 C81 A-3S 
MB81 C81 A-4S 

May 1988 
Edition 1.0 

PLASTIC PACKAGE 

{D"-"''-~ 

CERAMIC PACKAGE 
(DIP-24C-A08) 

PLASTIC PACKAGE 
(. LCC-2414102 ) 

LCC-24C-A02, See page 11 

PIN ASSIGNMENT 

DIP, SOJ 

AlB Vcc 
A17 Ao 
A13 Al 
A12 A2 
All A3 
A14 A4 
AtB A7 
Ato As 
A9 As 

DOUT As 

WI: DIN 
aND ~ 

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 

~V:!1m~::'~::~~,f!g:~o ':1~Tig~:~~!~: 
circuit. 
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Fig. 1 - MB81C81A BLOCK DIAGRAM 

AO 

Al 

A2 

A3 

A4 

As 

As 

A7 

DIN 

WE 

ROW 

~~~======I SELECT 

INPUT 
DATA 
CONT. 

CAPACITANCE (TA - 25°C f -1 MHZ) - . -

CELL 
ARRAY 

256 ROWS 
1024 COLUMNS 

COLUMN 1/0 CIRCUITS 

COLUMN SELECT 

TRUTH TABLE 

OS WE Mode 

H X Not Selected 

L L Write 

L H Read 

Parameter Symbol Typ 

Input Capacitance (VIN = 0 V) CIN 

Cs Capacitance (VCs = 0 V) cOs 

Output Capacitance (VOUT = 0 V) COUT 

1-102 

Vee 

GND 

DOUT 

Output Power 

Hlgh-Z Standby 

Hlgh-Z Active 

DouT Active 

Max Unit 

6 pF 

8 pF 

8 pF 



RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) 

Parameter Symbol Min Typ 

Supply Voltage Vee 4.5 5.0 

Input Low Voltage VIL -0.5" 

Input High Voltage VIH 2.2 

Ambient Temperature TA 0 

" -3.0 V Min. for pulse WIdth less than 20 ns. 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Test Condition Symbol Min 

Input Leakage Current VIN = 0 V to Vee III -10 
Vee = Max. 

CS = VIH, 

Output Leakage Current VOUT = 0 Vto 4.5 V ILO -50 
Vee = Max. 

CS = VIL, MB81 C81 A-45 
Power Supply Current lOUT = 0 mA lee 

Vee = Max. MB81 C81 A-35 
Cycle = Min. 

Vee = Min. to Max. 
ISB1 

CS~Vee -0.2 V 
VIN:'- 0.2 V or 

Standby Current VIN ~ Vee - 0.2 V 

Vee = Min. to Max. 
ISB2 

CS = VIH 

Output Low Voltage IOL = 16 mA VOL 

Output High Voltage IOH = -4 mA VOH 2.4 

Vee = 0 to Vee Min. 
Peak Power on Current'1 CS = Lower of Vee or Ipo 

VIH Min. 

Typ 

MB81C81A-35 
MB81C81A-45 

Max 

5.5 

0.8 

6.0 

70 

Max 

10 

50 

100 

120 

15 

30 

0.4 

30 

11111111111111111111111111111111111111111111111 

FUJITSU 

11111111111111111111111111111111111111111111111 

Unit 

V 

V 

V 

·C 

Unit 

I1A 

I1A 

mA 

mA 

V 

V 

mA 

"' A pull-up resistor to Vee on theCS input Is required to keep the device deselected; otherwise, power-on current 
approaches Icc active. 
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MB81C81A-35 
MB81C81A-45 

AC TEST CONDITIONS 

Input Pulse Levels: 

Input Pulse Rise and Fall Times: 

Timing Measurement Reference Levels: 

Output Load: Fig. 2 

AC CHARACTERISTICS 

0.6 V to 2.4 V 

5 ns 

Input: VIL = 0.8 VIVIH = 2.2 V 
Output: VOL = 0.8 VIVOH = 2.2 V 

DOUT 

(Including Scope and Jig) 

CL: 30 pF for all except tHZ, twz, tLZ and tow. 
5 pF for tHZ, twz, tLZ and tow. 

(Recommended operating conditions unless otherwise noted.) 

Read Cycle Time *1 tRC 35 45 

Address Access Time 35 45 

Chip Select Access Time *2 tACSl 35 45 

Output Hold from Address Change tOH 5 5 

Chip Selection to Output In Low-Z *3 tLZ 5 5 

Chip Deselectlon to Output In Hlgh-Z *3 tHZ 0 20 0 25 

Chip Selection to Power Up time tpu 0 0 

Chip to Power Down tpo 35 45 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

*1 All Read cycles are determined from the last valid address transltlonlng to the first address transltlonlng of next cycle. 
*2 Addesses valid prior to or coincident with CS transition low. 
* 3 Transition Is measured at the point of ± 500 mV from steady state voltage with specified load In Figure 2. 

1-104 
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READ CYCLE TIMING DIAGRAM 

READ CYCLE: ADDRESS CONTROLLED '1 '2 

ADDRESS 

DATA OUT Previous Data 
Valid 

READ CYCLE: ~ CONTROLLED '2 

ADDRESS 

DATA OUT 
Hlgh-Z 

Icc b'~l -- ----~-

Iss 

'1 CS Is Low. 
'2 WE Is high for Read cycles. 

Valid 

Data Valid 

Data Valid 

50% 

~ : Undefined ELI: Don't Care 

'3 transition Is measured at t500mV from ste~ state voltage with specified load in Fig. II. 
'4 Addresses valid prior to or coincident with CS transition low. 
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MB81C81A-35 
MB81C81A-45 

AC CHARACTERISTICS (Continued) 
(Recommended operating conditions unless otherwise noted.) 

Write Cycle Time two 35 

30 

Address Valid to End of Write tAW 30 

tAS2 0 

Write Pulse Width twp 25 

Data Valid to End of Write tow 20 

Write Recovery Time tWR 5 

Data Hold Time tOH 0 

Write Enable to Output In Hlgh-Z *1 twz 0 

Output Active from End of Write *1 tow 0 

20 

WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE: WE CONTROLLED *2 

45 

40 

40 

0 

30 

25 

5 

0 

0 

~------------------two--------------------~ 

1,;,,106 

ADDRESS 

DATA IN 

DATA OUT 

. *1 Transition Is measured at the point of ±500 mV from steady state voltage. 
* 2 CS or ~ must be high during address transition. 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

25 ns 

ns 



WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE: CS CONTROLLED '1 

ADDRESS 

DATA IN 

'2 
~---------------twc~------------~ 

Valid 

~-----------tAW----------~ 

~--------tcw--------~ 

~-----tDw 

11111111111111~1~~~I~III~lm~I~IIIIII~111111 
MB81C81A-35 FUJITSU 
MB81 C81 A-45 1111111111111~lllllllllllllilllllll~I~!~lilll~ 

DATA OUT ~ ____ ~<: ~~ ___________ H~19_h-_Z __________ ___ 

~ : Undefined f2l: Don't Care 

'1 ~ OR m must be high during address transitions, 
'2 All write cycle are determined from last valid address transltlonlng to the first address transltlonlng of next cycle. 
'3 Transition Is measured at :t500mV from steady state voltage with specified load In Fig. II. 
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MB81C81A-35 
MB81C81A-45 

PACKAGE DIMENSIONS 

.100(2.54) I. .1 
TYP 

24-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-24P-M03) 

.010 •. 002 
(0.25.0.05) 

.300 •. 010 
(7.62.0.25) 

.172(4.36)MAX 

.118(3.0)MIN 

.018>.003 .020(0.51 )MIN 
(0.46>0.08) 

Oimensions in 
inches (millimeters) 

© FUJITSU LIMITEO 1987 D24017S·2C 



PACKAGE DIMENSIONS (Continued) 

24-LEAD CERAMIC(CERDIP) DUAL IN-LINE PACKAGE 
(CASE No: DIP-24C-A08) 

'~"''''1JJ::::: :~~ ]~~;~, 
I 1.187+.012 .1 

130.15±0.301 

.05011.27IMAX 

©FUJITSU LIMITED 1986 D2403OS·2C 

1.100127.94IREF 

.018~:gg~ 

10.46~g:~~1 

11111111111111111111111111111111111111111111111 

MB81C81A-35 FUJITSU 
MB81 C81 A-45 11111111111111111111111111111111111111111111111 

1." " __ -:."":.~" U to ~ 

"""'=;=O:~'l 

.300±.010 
17.62±0.251 

~=*I=~ 
l.olo±.002 
10.25±0.051 

Dimensions in 
inches (millimeters) 

1-109 

.. 



1II111II1II1111II1II11111m~IIOO1IIII11IIII 
FUJITSU MB81C81A-35 

1lIIlllMIIIIIIIIIIIIII~lllmllllllllill MB81 C81 A";'45 

PACKAGE DIMENSIONS (Continued) 

1-110 

24·LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No.: LCC·24P·M02) 

I 
I o .300(7.621 

~ e: )11 
'''1"" (8.64± 

005 
0.131 

I.I;o;:Fr:r-FFFIFND;::E;=;Xe=;e=;e=;""'i9""'i9""'i9""'i9'ff?1_T 

.273±.020 
(6.93.0.511 

~D~ 
.050 •. 005 

(1.27±0.131 

I~ t-- .025(0.641 
MIN 

.09112.311 

.550(13.97IREF NOM .144(3.661 
MAX 

I . Details of "A" partM032(0.81IMAX 

'=r-~~~'*rFl:nFnFnFnFnFn~\h .102(2.601 '-1 NOM 

Q .004(0.101 . I I < 

•. 615±.005(15.62.0.131 

---I. .017±.004 

1 • (o.43±0.1 01 
'II: This dimensiQn includes resin protrusion. (Each side: ,Q06(O.15)MAX. 

01988 FUJITSU LIMITED C240629·1C 

Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 

CERAMIC PACKAGE 
(LCC-24C-A02) 

A13 An A16 Vee Ao l Ii 

;; II U 
Ii j '2 U 24 

A12 :~ 4 -; 1 2322 ~: Al 

All .J 5 21 L. A2 

A14 :1 6 TOP 20 [: A3 
A15 :1 7 

VIEW 
19 r: A4 

A,a :1 8 18 [: A7 

A9 :1 9 17 r: A6 

DOUT :1 10 16 [: As 
11 12 13 14 15 
n n n n n 

M GND CS DIN A8 

24-LEAD CERAMIC LEAD LESS CHIP CARRIER 
(CASE No.: LCC-24C-A02) 

~ 
INDEX 

.350±.010 
(8.89±025) 

n 
,5501.010 

(13.9710.25) 

• Shape of PIN NO.1 INDEX: Subject to change 
without notice. 

e FUJITSU LIMITED 1987 C24012S.1C 

.260(6.60) 
TYP I_ .045( 1.14) 

TYP 

A.012(0.30)TYP I 
(4PLCS) 

~~---+--t 
.085(2.16) 

TYP 

A.008(0.20)TYP 

(28PLCS) 

.045(1.14) 
TYP 

.065(1.65) 
TYP 

.083(2.11) 

MAX 

TYP 

Dimension in 
inches (millimeters) 
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October 1989 
Edition 4.0 

MB81 C84A-351-45 
DATA SHEET 

00 
FUJITSU 

CMOS 256K-BIT HIGH SPEED SRAM 
65,536 WORDS x 4 BITS HIGH SPEED STATIC RANDOM 
ACCESS MEMORY WITH AUTOMATIC POWER DOWN 

The Fujitsu MBa 1 C84A is a 65,536-words by 4-bits static random access memory labricated 
with a CiviOS siiicon-gsl8 process. To maKe power dissipation tower, peripherai Circuits 

consist 01 CMOS technology, and to obtain smaller chip size, cells consist 01 NMOS 
transistors and resistors. MBal C84A has 300mil plastic DIP and 300mii plastic small ouUine 
J-lead (SOJ) as package option. Tha memory utilizes asynchronous circuiUy and requires 
+5V power supply. All pins are TTL compatible. 

The MBal C84A is ideally suitad lor use in lalge computer systems and other applications 
where last access time, large capacity and ease 01 use are required. All dellices oller the 
advantages 01 low power dissipation, low cost and high parformance. 

• Organization: 65,536 words x 4 bits 
Fast access time: 1M = lACs = 35ns max.(MB81 C84A-35) 

1M = lACS = 45ns max. (MBal C84A-45) 

• Completely static operation: No clock required 

• TTL compatible inputs/outputs 

• ThrelrState output 

• Common data input/output 

• Single +5V power supply, ±10% tolerance 

• Low power standby: 660mW max. (Active) 
165mW max. (Standby, TTL level) 

83mW max. (Standby, CMOS level) 

• Standard 24-pin PLASTIC DIP package (300mil): Suffix -P-SK 

• Standard 24-pin PLASTIC SOJ package (300mil): Suffix -PJ 

ABSOLUTE MAXIMUM RATINGS (see NOTE.) 

Rating Symbol Value 

Supply Voltage Va; -0.5 to +7.0 

Input Voltage VIN -3.0 to +7.0 

Output Voltage VOUT -0.5 to +7.0 

Output Current lOUT ±20 

Power Dissipaiton PD 1.0 

Temperature Under Bias TBIAS -10 to +85 

Storage Temperature Range TSTO -45 to +125 

Unit 

V 

V 

V 

mA 

W 

OC 

OC 

NOTE: Permanent dellice damage may occur il the above Absolute Maximum 
Rallne. are exceeded. Functional operation should be restricted to the 
conditiOns as detailed in the operational sections 01 this data sheet. Exposure to 
absolute maximum rating conditions lor extended periods may allect dellice 
reliability. 

Culok Pro™ 10 a trademark of FUJrrsU LIMITED 

Copyrlght~1II!7 Ill' FUJITSU LIMITED and Fullsu MlcrooIodronlc:o, Inc. 

PLASTIC PACKAGE 
DIP-24P-M03 

At5 

IoIJ 

At 

A2 

AS 

A4 

AS 

AS 

A1 

AIJ 

OND 

PLASTIC PACKAGE 
LCC-24P-M02 

PIN ASSIGNMENT 

va; 

At. 

At3 

At2 

Att 

AtO 

1103 

1/02 

IIOt 

We 

::'~ueCO::,'"i~~~~ =:-~= "r.l~: 
However, k II acMIed that normal precaudons be taken 10 
avoid application 01 any vollage hlghot' Ihan maxllTlJm rated 
voIag .. to this high Irrpodanoo drcun. 
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MB81 C84A-35 
MB81 C84A-45 

Fig. 1 - MB81C84A BLOCK DIAGRAM 

Ao 

Al 

A2 

A3 

AI. 

A5 

As 

A7 

VO, o---~==I 

V02 o---~c::=1 
1103 o---~==I 
110. o-----tdc::=1 

CsO-_....cIr, 

POWER 
CIRCUIT 

ROW 
SELECT 

I/O 
BUFFER 

• 

• 

• 

CAPACITANCE (TA= 2soC,f: 1 MHz) 

Parameter Symbol 

Output Capacitance (VIJO = OV) CoUT 

Input Capacitance (VilS = OV) CCS 

Input Capacitance (VIN = OV) CIN 
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MEMORY CELL ARRAY 
256 ROWS x 256 COLMNS x 4 

• • • 

COLMUN & I/O CIRCUITS 

COLMUN SELECT 

As A9 AlO A11 A12 A13 A14 A15 

TRUTH TABLE 

MODE OUTPUT 

H x NOT SELECTED HIGH-Z 

WRITE HIGH-Z 

H READ OOUT 

Min Typ Max 

8 

8 

6 

--0 Vee 

---0 GND 

POWER 

STANDBY 

ACTIVE 

ACTIVE 

Unit 

pF 

pF 

pF 



RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) 

P.r.m .... Symbol 

Supply VOltage 

Ambient Temperature 

n,.. ,..u A 1:1 A "'TE:I:II~TI"'~ 
UV VI I_n_v ..... J .. I~ •• v~ 

Vro 

TA 

Min 

4.5 

0 

(Recommended operating conditions unless otherwise noted.) 

Par.meter Symbol Min Max Unit 

Typ M •• 

5.0 5.5 

70 

Te.t Condllton 

Vro = Min. to Max. 

MB81 C84A-35 
MB81 C84A-45 

Unit 

V 

·C 

Standby Supply Current IS91 15 mA 15§ = Vro -<J.2V, VIN ~ Vco-O.2V or Y,N :> 0.2V 

Standby Supply Current IS92 30 mA VIN = Y,N or VIL 
15§ = VIH, Vro = Min. to Max. 

Operating Supply Current lro 120 mA Cycle = Min., lOUT = OmA, CS = V,L 

Input Leakage Current III -10 10 !IA V,N=OtoVro 

Output Leakage Current ILVO -50 50 !IA CS = VIH, VOUT = 0 to Vro 

Input Low Voltage V,L -2.0'1 O.B V 

Input High Voltage VIH 2.2 S.O V 

Output High Voltage VOH .24 V IOH=-4mA 

Output Low Voltage VOL 0.4 V IOL=BmA 

Note: All voltages are referenced to GND 
'1 -2.0V Min. for pulse width less than 20 ns. (VL min. = -<J.5V at DC level) 

• Output Load 

+flV 
) 

R1 

DoUT 

~j ~ 
~ R2 

"7 

Fig. 2 - AC TEST CONDITIONS 

• Input Pulse Levels: O.SV to 2.4V 
• Input Pulse Rise & Fall Times: 5 ns (Transient batween O.BV and 2.2V) 
• Timing Reference Levels: Input: VIL = O.BV, V,H = 2.2V 

Output: VOL = O.BV, VOH = 2.2V 

• Including Scope and Jig CapacItance 

R1 R2 CL Parameters Measured 

Load! 4800 2550 30pF exceptlLZ, 1HZ, IWZ, and lOW 

Loadn 4800 2550 5pF ILZ, 1HZ, IWZ, lOW 
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MB81C84A-35 
MB81C84A-45 

AC CHARACTERISTICS 
(Recommerlded operatIng corldlltons unless otherwIse noted.) 
READ CYCLE 

MBB1C84A-3S MBB1C84A-45 
Parameter Symbol 

Min Max Min Max 

Read Cycle lime lAC 35 45 

Address Access Time 1M 35 45 

Chip Selection Access lime lAcS 35 45 

Output Hold Ircim Address Change IOH 0 0 

Output Hold Ircim Chip Selection IOHC 0 0 

Chip Selection 10 OUtput Low-Z II.Z 5 5 

Chip Deselection 10 Output High-Z 1HZ 0 20 0 25 

Power Up from Chip Selection IPU 0 0 

Power Down from Chip SeI9ction IPO 35 35 

READ CYCLE TIMING DIAGRAM *1 

READ CYCLE *3 

""""'. ;"i",,,,,,,,,;,,,,,,,,Jj4-----,--tRC"-2 ---Iri ...... ,"" .. :.:., .. ,: .. , .. , .. ,., .... :: .. ,: .. ,'., ... ,:' .. , .. '.,' .. , .. ".' ',:'.:: ... ;.,',: .. :,:.:,:.:, ... :'.: .. : .. :' .. : ..... :' .... :' .. :., .. ;:} .......... "#i"" #i'" """""""""""""" 
ADDRESS @% ;W%l~:~:::::-IM-_-:::::.;I----.....;1:!~H .. ;,,"MMMi,mWtMwr 

DoUT PREVIOUS DATA VALID DATA VALID 

READ CYCLE: CS CONTROLLED *4 

ADDRESS 

HIGH-Z HIGH-Z 
DoUT 

SUPPLY Icc _____ I-:.':!::1 __________ ::::::_IP_O:::_-.. -:J.-t_ -;i-;'--
CURRENT. t-~ Icc ~ 

~ Undefined 

Note: *1 WE is high for Read cycle. . 
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*2 All Read cycle timings are referenced from the last valid address 10 the firstlranstioning address. 
*3 Device is continously selected, CS = VIL. 
*4 Address valid prior 10 or coincident with CS transition low. 
*5 Transition is measured at ±500mV from steady state voltage specified load in Fig. 2. 

IWPI Don't Care 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



WRITE CYCLE 

MB81 C84A-35 
MB81 C84A-45 

MB81C84A-35 MB81C84A-45 
Unit Paramel. Symbol 

Min Max Min Max 

Write Cycle Time \We 35 45 ns 

Address Valid to End 01 Write lAW 30 35 ns 

Chip Select to End 01 Write tcw 30 35 ns 

Data Valid to End 01 Write tow 15 20 ns 

Data Hold Time IDH 5 5 ns 

Write Pulse Wid1h twP 30 35 ns 

Address Setup Time from WI: IAS1 2 5 ns 

Address Setup Time from ts IAS2 0 0 ns 

Write Recovery TIma twR 3 5 ns 

Output High-Z from Write Enable IWZ 0 15 0 15 ns 

Output Low-Z from Write Enable lOW 5 5 ns 

WRITE CYCLE TIMING DIAGRAM '1'2*5 

WRITE CYCLE I: WE CONTROLLED 

ADDRESS 

DIN 

DouT 

msI Undellned I~~wu Don't Care 

Note: '1 ~ or WI: must be high during address transitions. 
'2 " ~ goes high simultaneously with WI: high, !he output remains in high impedance state. 
'3 All Read cycle timings are referenced from the last valid address to !he firstlransitioning address. 
'4 Transition measured at ±5OOmV from steady state voltage wi!h specified load in Fig. 2. 
'5 " ~ is in the READ mode during !his period, I/O pins are in the output state so !hat !he input signals 01 opposite phase to !he 
outputs must not be applied. 

1-117 

.. 



.. 
MB81C84A-35 
MB81 C84A-45 

WRITE CYCLE TIMING DIAGRAM (Continued) *1*2*4 

WRITE CYCLE II: CS CONTROLLED '1'2 

ADDRESS 

1--------- lAw ---~---__tol 

.... ---- tcw -----toj 

cs 

~-----------~p-----------~ 

.;::=.. I~" _1DW~mH1 
<XXX><><~1'"-___ D_AT_AV_A_LlD ___ ~ DIN 

~ Undefined '!wwl Don'l Car. 

Nole: '1 ~ or ~ must be high during address transitions. 
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'2 If CS goes high simultaneously with WE high, the output remains in high impedance state. 
'3 All Write cycle timings are referenced from the last valid address to the first transitioning address. 
'4 If CS is in the READ mode during this period, 110 pins are in the output state so that the input signals of opposite phase to the 

outputs must nol be applied. 



MB81 C84A-35 
MB81 C84A-45 

TYPICAL CHARACTERISTICS CURVES 
Fig. 3 - OPERATING SUPPLY CURRENT 

VS. SUPPLY VOLTAGE 
Fig. 4 - OPERATING SUPPLY CURRENT 

VS. AMBIENT TEMPERATURE 
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Fig. 5 - STANDBY SUPPLY CURRENT 
VS. SUPPL Y VOLTAGE 

Fig. 6 - STANDBY SUPPLY CURRENT 
VS. AMBIENT TEMPERATURE 
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Fig. 7 - OPERATING SUPPLY CURRENT 
VS. FREQUENCY 
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MB81C84A~35 
MB81 C84A-45 

TYPICAL CHARACTERISTICS CURVES (Continued) 
Fig. 8-"H" LEVEL OUTPUT VOLTAGE 

vs. "H" LEVEL OUTPUT CURRENT 
Fig. 9 - "L" LEVEL OUTPUT VOLTAGE 

vs. "L" LEVEL OUTPUT CURRENT 
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'- ~A-25J 
..... VCC-5.0V -

" " ........ 
-2 -4 -6 -6 

IOH, "H" LEVEL OUTPUT CURRENT (rnA) 

Fig. 10- ACCESS TIME 
vs. SUPPLY VOLTAGE 

I 
TA-25"C 

~ .......... lACS 

r--;:: 

4.6 5.0 5.5 

Vee, SUPPLY VOLTAGE (V) 

0.4 

!; 
Q. !; _ 0.3 

O<!. 
--'W 
We> 0.2 
>e( 
Wf
--'--' 
~g 0.1 

g 

c 
W 

1.2 

~W 1.1 

~~ 
~ gj 1.0 
ZW 
-0 g ~ 0.9 

i 
0.8 

TL25"C I 
I- VCC-5.OV 

~ 

L " 
'/ 

v 

10 15 20 

IOL, "L" LEVEL OUTPUT CURRENT (rnA) 

Fig. 11 - ACCESS TIME 
vs. AMBIENT TEMPERATURE 
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PACKAGE DIMENSIONS 

24-LEADS PLASTIC DUAL·IN·LINE PACKAGE 
(CASE No.: DIP·24P-M03) 

---

MB81 C84A-35 
MB81C84A-45 

.01O±.002 r 
(0.25±0.05) 

~~~ i I""""·" ",.0.;..;507-i(1..:,;.2-,-,7).,J VJ ~ MAX I .118(3.00)MIN 

.100(2.54) I I .050~0020 --II .. 018±.003 .020(0.51 )MIN 

TYP (1.27~g·50) 1O.46±0.08) 

0'988 FUJITSU LIMITED D240'7S·3C 
DirT'lllnsionsln 
inches (millimeters) 
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MB81 C84A-35 
MB81C84A-45 

PACKAGE DIMENSIONS (Continued) 

24·LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No.: LCC-24P·M02) 

~~11 1-(8.64'0 
005 
.13) 

.050'.005 
(1.27'0.13) 

.550(13.97)REF 

•. 615'.005(15.62'0.13) 

.273±.020 
(6.93.0.51 ) 

I 
11~ 

I--
.025(0.64) 

.091(2.31) 
MIN 

NOM .144(3.66) 
MAX 

Details of "A" part9032(0.81)MAX 

.102(2.60) 
NOM 

1"':"'1""'::.004=(0.':':10"') • I I 
--I .017±.004 

* : This dimension includes resin protrusion. (Each side: .006(O.15)MAX.) (0.43±O.1 0) ?~~~~S::::;~i~eters) 
01988 FUJITSU LIMITED C24062S·1C 
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64K x 4 BIT(262,144-BIT) HIGH SPEED STATIC RANDOM 
ACCESS MEMORY WITH AUTOMATIC POWER DOWN 

I he t-UJltsu !viti B i COD is a 65,53u-vvUl\h oy 4-bil:~ ~l:g-::ic iQii~viO ~.:;:;:::: 
memory fabricated with a CMOS silicon gate process. To make power dissipa· 
tion lower, peripheral circuits consist of CMOS technology, and to obtain 
smaller ch ip size, cells consist of NMOS transistors and resistors. The memory 
utilizes asynchronous and requires single +5V power supply. All pins are TTL 
compatible. 

The MB B1 C86 is ideally suited for use in large computer systems and other 
applications where fast access time, large capacity and ease of use are required. 
All devices offer the advantages of low power dissipation, low cost and high 
performance. 

• Organization: 65,536 words x 4 bits 
• Fast access time: tAA = tACS = 55 ns max. (MB 81 C86-55) 

tAA = tACS = 70 ns max. (MB 81 C86·70) 
• Completely static operation: No clock required 
• TTL compatible inputs/outputs 
• Three·state output 
• Separate data input/output 
• Single +5V power supply, ±10% tolerance 
• Low power standby: 550 mW max. (Active) 

55 mW max. (Standby) 
• Standard 28'pin DIP: (Suffix: ·C) 
• Standard 32-pad LCC: (Suffix: ·CV) 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Symbol 

Supply Voltage Vcc 

Input Voltage V1N 

Output Voltage VOUT 

Output Current lOUT 

Power Dissipation Po 

Temperature Under Bias TB1AS 

Storage Temperature Range TSTG 

Value 

-0.5 to +7.0 

-3.0 to +7.0 

-0.5 to +7.0 

±20 

1.0 

-10 to +85 

-65 to +150 

Unit 

V 

V 

V 

mA 

W 

·C 

·C 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

MB 81C86-55 
MB 81C86-70 

September 1986 
Edition 1.0 

CERAMIC PACKAGE 
DIP-28C-A07 

CERAMIC PACKAGE 
LCC-32C-A02 

PIN ASSIGNMENT 

'" Ae A,AeNCI A5 A• 

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 
application of any voltage higher than maxi
mum rated voltages to this high impedance 
circuit. 
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FUJITSU MB 81C86-55 

1IIIIIImllllllllllllllllilimmllllllllilim MB 81C86-70 

Fig. 1 - MB 81C86 BLOCK DIAGRAM 

AO 

Al 

A2 

A3 

A4 

AS 

AS 

A7 

AS 

11 

12 

13 

14 

CS 

WE 

INPUT 
DATA 
CONT. 

CAPACITANCE ITA =25°C,f= 1MHz) 

Parameter 

Output Capacitance (V OUT= OV) 

Input Capacitance (Vcs = OV) 

Input Capacitance (V IN = OV) 
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ROW 
SELECT 

MEMORY CELL ARRAY 
512x128x4 

1/0 CIRCUIT 

COLUMN SELECT 

TRUTH TABLE 

CS WE MODE OUTPUT 

H X NOT SELECTED HIGH·Z 

L L WRITE HIGH·Z 

L H READ DOUT 

Symbol Min Typ 

COUT 

Ccs 

C IN 

-Vee 

_GND 

01 

02 

03 

04 

POWER 

STANDBY 

ACTIVE 

ACTIVE 

Max 

8 

7 

6 

Unit 

pF 

pF 

pF 



RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) 

Parameter Symbol Min Typ 

Supply Voltage Vee 4.5 5.0 

Input Low Voltage V1L _3.0'1 

Input High Voltage V 1H L.'2 

Ambient Temperature TA a 
"1 -3.0 V Min. for pulse width less than 20 ns. (V1L min. = -0.5 V at DC level) 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Unit 

Standby Supply Current ISB 10 rnA 

Operating Supply Current lee 100 mA 

Input Leakage Current ILl -5 5 JJ.A 

Output Leakage Cu rrent ILO -5 5 JJ.A 

Output High Voltage V OH 2.4 V 

Output Low Voltage VOL 0.4 V 

Peak Power-on Current Ipo 40 rnA 

Note: All voltages are referenced to GND 

Fig_ 2 - AC TEST CONDITIONS 

Input Pulse Levels: 0.6V to 2.4V 

1IIIIIIIIIIIIIIIIImlllllllllllllillmimmmii 

MB B1C86-55 FUJITSU 
MB B1C86-70 1IIIIIIIIIIIIIIIIIIIImllllilimmllllllllllllili 

Max Unit 

5.5 V 

0.8 V 

D.li v 

70 °c 

Test Conditions 

CS = V 1H 
V 1N =OVtoVee 

Cycle = Min .• lOUT = a mA 
CS= V 1L 

V 1N =OVtoVee 

CS = V 1H 
V OUT = a v to Vee 

10H = -4 mA 

10L = 8 rnA 

Vee = OV to Vee MAX. 
CS= Lower of Vee orV 1H Min. 

Input Pulse Rise & Fall Times: 5ns (Transient between 0.8V and 2.2V) 

l 1 
I Load I I 
I Load II I 

R1 

Timing. Reference Levels: Input: V 1L = 0.8V. V 1H = 2.2V 
Output: VOL = 0.8V. VOH = 2.2V 

Output Load +5 V 

R1 

DOUT 

"cLl R2 r * Including Scope and Jig Capacitance 

1i 

I R2 I CL I Parameters Measured I 
48051 I 25551 I 30pF I except tLZ. tHZ, twz, and tow I 
48051 I 25551 I 5pF I 'LZ. 'HZ. 'WZ. 'ow J 
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FUJITSU MB 81C86-55 

1IIIIIIIIIIIIIImlllllll~lmllllllm~lmlllm MB 81C86-70 

AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 
READ CYCLE'l 

MB 81C86-55 MB 81C86-70 
Parameter Symbol 

Min Max Min Max 

Read Cycle Time'2 t RC 55 70 

Address Access Time'3 tAA 55 70 

CS Access Time'4 tACS 55 70 

Output Hold from Address Change tOH 5 5 

Output Hold from CS tOHc 5 5 

Chip Selection to Output Low-Z '5 tLZ 10 10 

Chip Deselection to Output High-Z,'s tHZ 5 25 5 25 

Power Up from CS tpu 0 0 

Power Down from CS tpD 40 40 

READ CYCLE TIMING DIAGRAM'l 

READ CYCLE I: ADDRESS CONTROLLED'3 

=>{ tRC"2 ~ 
A,.,"" ,-: .. ------t-A-Av-A-L-�D--------------~ 

-= ==.-1. tOH~ 
DOUT PREVIOUS DATA VALIll)()( DATA VALID ~ 

READ CYCLE II: CS CONTROLLED"4 

ADDR ESS ~~-:-:.-:.-:.-:.-:.-:.-:.-:.-:.-:.-V--A--L--I-D-=-tR-C--_ -_ -_ -_ -_ -_ -_-_ -.:_ -.:_ -_ -_-.:;(..J ____ _ 

DOUT DATA VALID 

SUPPLY 
CURRENT_I~SB~ ______ _ ICC 

~ : Undefined 

Note: *1 WE is high for Read cycle_ 

1-126 

*2 All Read cycle timings are referenced from the last valid address to the first transitioning address. 
*3 Device is continuously selected, CS = V IL' 
*4 Address valid prior to or coincident with CS transition low. 
*5 Transition is specified ±500mV from steady state voltage with specified load II in Fig. 2. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



1111111111111111111111111111111111111111111111111 

MB B1CB6-55 FUJITSU 
MB 81C86-70 1111111111111111111111111111111111111111111111111 

WRITE CYCLE"'2 

MB 81C86-55 MB 81C86-70 
Parameter Symbol 

Min Max Min Max 

\A!:-:~:: !>J'~!~ T!~~· 3 t·,t.;~ !i!i 70 ! 
Address Valid to End of Write tAW 45 50 

Chip Select to End of Write tcw 45 50 

Data Valid to End of Write tDW 25 30 

Data Hold Time tDH 5 5 

Write Pulse Width twp 30 35 

Address Setup Time t AS 5 5 

Write Recovery Time '4 tWR 5 5 

Output High-Z from WE's twz 0 25 0 25 

Output Low-Z from WE's tow 5 30 5 35 

WRITE CYCLE TIMING DIAGRAM'!'2 

WRITE CYCLE I: WE CONTROLLED 

DOUT 

I8:EI : Undefined 

Note: *1 CS or WE must be high during address transitions. 
*2 If CS goes high simultaneously with WE high, the output remains in high impedance state. 
*3 
*4 
*5 

All Read cycle timings are referenced from the last valid address to the first transitioning address. 
tWR is defined from the end point of WR ITE Mode. 
Transition is specified ±500mV from steady state voltage with specified load n in Fig. 2. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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FUJITSU MB 81C86-55 

1IIIIIIIIIIIIIIIImllmlllllllllllll~~II~~ml MB 81C86-70 

WRITE CYCLE II: CS CONTROLLEO'!'2 

~ _______________ twc~'3~ ______________ ~ 

ADDRESS 

f-------twP,-----., 

J-------tow-----<-< 

DATA VALID 

DOUT 
High-Z 

~ : Undefined 

Note: *, CS or WE must be high during address transitions. 
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*2 If CS goes high simultaneously with WE high, the output remains in high impedance state. 
*3 All Write cycle timings are referenced from the last valid address to the first transitioning address. 
*4 tWR is defined from the end point of WR ITE Mode. 
*5 Transition is specified ±500mV from steady state voltage with specified Load n in Fig.2. 
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MB 81C86-55 FUJITSU 
MB 81C86-70 1111111111111111111111111111111111111111111111111 

PACKAGE DIMENSIONS 
(Suffix: -C) 

.05011.271 
REF 

INDEX 
AREA 

28-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 
(CASE No.: DIP·28C-A07) 

I 
.590114.991 

~==+j=]~' 
.00810.201 f 
.01210.301 

~ I ---.J .20015.08IMAX 

~ Ul r=;..---t .12013.051 
-----f.---l.15013.811 

.09012.291 .04611.171 --II .01510.381 .04011.021 

.11012.791 .05411.371 .02310.581 .06011.531 

.1300133.02IREF 

©19S6 FUJITSU LIMITED D28019S-1C Dimensions in 
inches (millimeters) 
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FUJITSU MB 81C86-55 

1111111111111111111111111111111111111111111111111 MB 81C86-70 

PACKAGE DIMENSIONS 
(Suffix: ·CV) 

32·PAD CERAMIC (METAL SEAL) LEADLESS CHIP CARRIER 
(CASE No.: LCC-32C-A02) 

'PIN 1 INDEX .360(9.14)TVP 

/ C.015(O.38)TVP 

nhf-l----~ 
.445(11.30) 
.460(11.68) 

*Shape of Pin 1 index: Subject to change without notice 

©1985 FUJITSU LIMITED C32011S 
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.300(7.62)TVP 

Dimensions in inches 
(millimeters) 



32K X 9-BIT STATIC RANDOM ACCESS MEMORY 
WITH PARITY GENERATOR AND CHECKER 

The Fujitsu MB8289 is 32768 words X 9 bits high speed static random access 
memory with parity generator and checker, fabricated with CMOS technology. 

this device is assembled in 300 mil DIP and has such small power dissipation 
as 605mW max. 
All pins are TTL compatible and single 5 volt power supply is required. 

A separate chip select (CS,) pin simplifies multipackage systems design. It 
permits the selection of an individual package when outputs are OR·tied, 
and furthermore on selecting a single package by CS, the other deselected 
packages automatically power down. 
All devices offer the advantages of low power dissipation, low cost, and high 
performance. 

• Organization: 32768 words x 9 
bits 

• Static operation: no clocks or 
timing strobe required 

• Fast access time: 
tAA = tAcs, = 25ns max, 
tAcS2 = 14nsmax (MB8287-25) 
tAA = t ACS, = 35ns max, 
tACS2 = 15ns max (M 88287·35) 

• Low power consumption: 
715mW max. (Operating) for 25ns 
605mW max. (Operating) for 35ns 
138mW max. (TTL Standby) 
83mW max. (CMOS Standby) 

• Single +5V supply ±10% tolerance 

• TTL compatible inputs and out
puts 

• Three-state outputs with OR-tie 
capability 

• Chip select for simplified memory 
expansion, automatic power down 

• Internal parity generator and 
checker. 

• All inputs and outputs have pro· 
tection against static charge 

• Standard 32·pin DIP package 
(300 mil): (Suffix: P-SK) 

• Standard 32'pin FPT package 
(450 mil): (Suffix: PF) 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Symbol Value Unit 

Su pply Vol tage Vcc -0.5 to +7 V 

Input Voltage on any pin 
V ,N -3.5 to +7 V with respect to G N D 

Output Voltage on any I/O 
VOUT -0.5 to +7 V pin with respect to GND 

Output Current lOUT ±20 mA 

Power Dissipation Po 1.0 W 

Temperature Under Bias TsJAS -10 to +85 ·C 

Storage Temperature Range TSTG -45 to 125 ·C 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATI NGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

MB8289-25 
MB8289-35 

April 1989 
Edition 1.0 

PLASTIC PACKAGE 
(OIP·32P-M02) 

PLASTIC PACKAGE 
(FPT-32P-M02) 

PIN ASSIGNMENT 

A5 vcc 
A4 As 
A3 A7 

~ As 
A, Ag 

Ao A,o 
A'2 A" 
A'3 N.C. 

A'4 CS, 
DE WE 

CS2 1/09 

1/0 , liDs 
1/02 1/07 
1/0 3 1/06 
1/04 1/05 
GND~~ ______ ~_GNDQ 

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 
application of any voltage higher than maxi· 
mum rated voltages to this high impedance 
circuit. 
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FUJITSU MB8289-25 

OOI~lmlllllill~ll~nlliMllinm MB8289-35 

ADDRESS 
BUFFER 

ADDRESS 

Fig. 1 - MB8289 BLOCK DIAGRAM 

ROW 
DECODER 

MEMORY CELL ARRAY 
256 x 128x9 

I/O GATE 
& 

COLUMN DECODER 

BUFFER r---------------L-~------------_T..J 

Cs,~---,-""" 

CS2--,----,L I/0, 1/°3 1/°5 1/°7 I/Og 

1/°2 1/04 1/06 I/OB 

TRUTH TABLE 

CS, cs, WE DE MODE SUPPLY CURRENT 

H x X X STANDBY Is, 

L L X X DESELECT Icc 

L H H H DouT DISABLE Icc 

L H H L READ Icc 

L H L X WRITE Icc 

CAPACITANCE (TA = 25°C, f = 1MHz) 

Parameter Condition Symbol Min Typ 

Input Capacitance (CS" C~, OE, WE) VIN =OV C I , 

Input Capacitance (Other Input) VIN = OV C I2 

I/O Capacitance VI/O = OV CliO 

1-132 

~Vcc 

-GND 

-GNDQ 

I/O STATE 

HIGH·Z 

HIGH·Z 

HIGH·Z 

DOUT 

D," 

Max Unit 

8 pF 

7 pF 

8 pF 



RECOMMENDED OPERATING CONDITIONS 
(Referenced to GNDI 

Parameter Symbol Min Typ 

Supply Voltage Vee 4.5 5.0 

Ambient Temperature TA 0 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherside noted'! 

Parameter Symbol Test Conditions 

CS, Z Vec-0.2V 158, 
V 1N Z Vec-0.2V or V 1N ~ 0.2V 

Standby Supply Current 
V 1N ~0.2V 

IS82 CS, = V 1H 

Operating Supply I 25ns lOUT = OmA. CS 1 = V1L 
lee Current I 35ns Cycle = Min. 

Input Leakage Current ILl V 1N = OV to Vee 

CS, = V 1H = or C~ = V 1L or 
Output Leakage current ILilo WE = V 1L or OE = V 1H • 

VI/a = OV to Vee 

Input Low Voltage V1L 

Input High Voltage V 1H 

Output High Voltage V OH IOH = -4mA 

Output Low Voltage VOL IOL = SmA 

Note: ., -2.0V Min. for pulse width less than 20ns. (V1L min. = -0.5V at DC level) 
All voltages are referenced to GND. 

Fig. 2 - AC TEST CONDITIONS 

• Input Pulse Levels: O.6V to 2.4V 

• Input Pulse Rise & Fall Times: 3ns (Transient between O.BV and 2.2V) 

• Timing Reference Levels: Input: V1L "" O.SV, V1H == 2.2V 

Output: VOL"" O.BV, VOH "" 2.2V 

• Output Load: 
+5V 

DOUTo-----~----~ 

0/01 1 
C '1 

1111111111111111111111111111111111111111111111111111 

MB8289-25 FUJITSU 
MB8289-35 1111111111111111111111111111111111111111111111111111 

Max Unit 

5.5 V 

70 °c 

Min Max Unit 

15 mA 

25 mA 

130 
mA 

110 

-5 5 p.A 

-5 5 p.A 

-2.0'1 O.S V 

2.2 6.0 V 

2.4 V 

0.4 V 

r *1 Including Scope and Jig Capacitance 

Parameters Measured J 
Load I 480n 255n 30pF except tLZ, tHZ' twz. tow. tOLZ and tOHZ J 
Load II 480n 25sn SpF I 
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FUJITSU MB8289-25 
1111111111111111111111111111111111111111111111111111 MB8289-35 

AC CHARACTERISTICS 
READ CYCLE" (Recommended operating conditions unless otherwise noted) 

MB8289-25 

Parameter Snymbol 

Min Max 

Read Cycle Time t RC 25 

Address Access Time '2 tAA 25 

.. 
CS, Access Time*3 t Acs, 25 

C~ Access Time*3 t ACS2 14 

OE Access Time tOE 12 

Output Hold from Address Change tOH 3 

Output Active from CS, '4'5 tLZ' 5 

Output Active from C~ '4'5 tLZ2 2 

Output Active from OE'4'5 tOLZ 2 

Output Disable from CS, '4 '5 tHZ1 1 15 

Output Disable from C~ '4'5 tHZ2 1 15 

Output Disable from OE'4'5 tOHZ 1 15 

Note: *1 WE is high for Read Cycle. 
*2 Device is continuously selected, CS, = V1L , C~ = V1H and OE = V1L . 

1-134 

*3 Address valid prior to or coincident with CS, transition low, C~ transition high. 
*4 Transition is specified at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load II in Fig. 2. 

MB8289-35 

Unit 

Min Max 

35 ns 

35 ns 

35 ns 

15 ns 

14 ns 

3 ns 

8 ns 

3 ns 

3 ns 

1 15 ns 

1 15 ns 

1 15 ns 



READ CYCLE TIMING DIAGRAM"1 

READ CYCLE: ADDRESS CONTROLLED*2 

... 1 .-------tRc------.... ·~1 

ADDRESS VALID 

DATA OUT PREVIOUS DATA VALID 

READ CYCLE: CS1 , C~ CONTROLLEO*3 

ADDRESS VALID 

1/0 
HIGH-Z 

~lmllllllmlml!llllllllllmlmlllll~~11 
MB8289-25 FUJITSU 
MB8289-35 ~lllllllllllmllllll~lllllllmlll~~~lllmlll 

• : Don't Core ~ : Undefined 

Nota: "1 WE is high for Read Cycle_ 
*2 Oevice is continuously selected, CS1 = VIL , ~ = VIH and OE = VIL • 

*3 Address valid prior to or coincident with CS1 transition low, C~ transition high. 
*4 Transition is specified at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load II in 'Fig. 2. 
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FUJITSU MB8289-25 

IIIIIIIIIIIIIIIII~IIIIIIII~I~~~I~IIIII~~II MB8289-35 

AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

WRITE CYCLE·1 

Parameter Symbol 

Write Cycle Time '2 twc 

Address Valid to End of Write tAw 

CS1 to End of Write tCWl 

C~ to End of Write tCW2 

Data Setu p Ti me tow 

Data Hold Time tOH 

Write Pulse Width twp 

Write Recovery Time '3 tWR 

Address Setup Time t AS 

Output Low-Z from WE'4'5 tow 

Output High-Z from WE'4'5 twz 

MB8289-25 MB8289-35 

Min Max Min Max 

25 35 

18 28 

16 26 

13 20 

8 12 

0 0 

15 20 

0 0 

0 0 

0 0 

0 8 0 14 

- -
Note: *1 If CS goes high simultaneously with WE high. the output remains in high impedance state. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

*2 All Write Cycles are determined from the last address transition to the first address transition of next address. 
*3 tWR is defined from the end point of Write Mode. 
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·4 Transition is specified at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load II in Fig_ 2. 



Note: *, 
*2 
*3 
*4 
*5 

11111111~~mllllllllllllllllllllm~lmlll!~1 
MB8289-25 FUJITSU 
MB8289-35 11~~~~mlll~~~~~~~lm~~MI~1 

WRITE CYCLE TIMING DIAGRAM *1,*6,*7 

WRITE CYCLE No.1 (WE CONTRORRED) 

ADDRESS 

Cs1 

1/0 

l1li : Don't el.. ~: Undefined 

If CS goes high simultaneously with WE high, the output remains in high impedance state. 
All Write Cycles are determined from the last address transition to the first address transition of next address. 
tWR is defined from the end point of Write Mode. 
Transition is specified at the point of ±500mV from steady state voltage. 
This parameter is specified with Load II in Fig. 2. 
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FWITSU MB8289-25 
IllmlmmIOO~~g~OO~~m~ MB8289-35 

Note: *1 
*2 
*3 
*4 
*5 

1-138 

WRITE CYCLE TIMING DIAGRAM *1,*6,*7 

WRITE CYCLE No.2 (CS1 , CS2 CONTROLLED) 

ADDRESS 

CSI 

WE 

110 

• : Don't Care ~: Undefined 

If CS goes high simultaneously with WE high, the output remains in high impedance state. 
All Write Cycles are determined from the last address transition to the first address transition of next address. 
tWR is defined from the end point of Write Mode. 
Transition is specified at the point of ±500mV from steady state voltage. 
This parameter is specified with Load II in Fig. 2. 



PACKAGE DIMENSIONS 

32-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP·32P-M02) 

MAX -0 -0 

1111111111111111111111111111111111111111111111111111 

MB8289-25 FUJITSU 
MB8289-35 1111111111111111111111111111111111111111111111111111 

15°MAX 

.~_l 
..-F- t 

.30017.62) 

j Tr 
.010+.0021 

1O.25±0.05) 

J~.20715.25)MAX 1~)1 
IJ I Ilf If U =P12513.1S)MIN 

I •• 1.10012.54) ~ ~ --il .. 018±.003 .02010.511 
TYP 11.27~g.30) 10.45±0.OS) MIN 

© 1988 FUJITSU LIMITED D32009S-1C 

Dimensions in 
inches (millimeters) 
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FUJITSU MB8289-25 
11111~IIWIWIIW~~OOIW~lllmll~~ .. MB8289-35 

PACKAGE DIMENSIONS (continued) 

32·LEAD PLASTIC SMALL OUTLINE PACKAGE 
(CASE No.: FPT·32P·M02) 

I 
.339 •. 008 

"[r 
TYP 

.750(19.05)REF 

© 1988 FUJITSU LIMITED F32004$-1C 

1-140 

.- l-

...... 

~ 

O(O)MIN f 
(STAND OFF) 

I 
.402±.0 

110.20'0 

.031 •. 008 

1(0.80>0.201 

!-l-
.006>.002 

(0.15>0.05) 
.098(2.501 

MAX 

12 
.30) 

.006(0.15) if . --u Detail of "A" part 

.~ 
.007(0.18) 

MAX 
.027(0.68) Dimensions in 

MAX inches (millimeters) 



Section 2 

High-S~eed BiCMOS SRAMs - At a Glance 
I Maximum I 
I Page 

Access Package 

I Ell Device TIme (ns) Capacity Options 

2--3 MB828001-25 25 1048576 bits 28-pin Plastic Lee 
--35 35 (1048576w x lb) 

2-11 MB828005--25 25 1048576 bits 28-pin Plastic Lee 
--35 30 (262144w x 4b) 

2-19 MB82BOO6-25 25 1048576 bits 32-pin Plastic Lee 
--35 35 (262144w x 4b) 

2-27 MB82B71-15 15 65536 bits 22-pin Plastic DIP, Lee 
-20 20 (65536b x lb) 24-pin Plastic Lee 

2--37 MB82B74-15 15 65536 bits 22-pin Plastic DIP 
-20 20 (16384w x 4b) 22-pad Ceramic Lee 

2-45 MB82B75-15 15 65536 bits 24-pin Plastic DIP, Lee 
-20 20 (16384w x 4b) 28-pad Ceramic Lee 

2-55 MB82B79-15 15 73728 bits 28-pin Plastic DIP, FPT 
-20 20 (8192w x 9b) 

2-65 MB82B81-15 15 262144 bits 24-pin Plastic DIP, Lee 
-20 20 (262144w x 1 b) 

2-73 MB82B84-15 15 262144 bits 24-pin Plastic DIP, Lee 
-20 20 (65536w x 4b) 
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October 1989 
Edition 1.0 

MB82B001-251-35 

cO 

DATA SHEET 
FUJITSU 

1 M BIT HIGH SPEED BI-CMOS SRAM 
1,048,576 WORDS X 1 BIT HIGH SPEED BI-CMOS 

STATIC RANDOM ACCESS MEMORY 
.... , ... ,.~ __ ..... "' ........ ,.. ...... ,~ ............ _ .... ___ -' __ .L·~_ .. ~ .. , ____ .-l_~ ___________ .~_L-' __ .. _.....I ••• :a.L 
lilt;!' '--UJIl;::'U IYIUOc;.UV'V I .;:> I ,V-'U.""" v "'v, .... ;::, '" , un ;, •. c;u ..... ICU .......... ,1 0l ........ 'U;:.., 111<:1"'V'1 IU ... '.\;Q. .... u .... 'u, 

a Bi-CMOS process technology. To make power dissipation lower and high speed, peripheral 
circuits consist of Bi-CMOS technology, and to obtain smaller chip size, cells consist of NMOS 
transistors and resistors. 

The memory utilizes asynchronous circuitry and may be maintained in any state for an indefinite 
period of time. All pins are TTL compatible, and a single 5 volts power supply is required. The 
MB82BOOl has 400mil plastic small ouHine J...jead(SOJ) as package option. 

The MB82BOOl is ideally suited foruse in dataprocessing systems and other applications where 
fast access time and ease of use are required. All devices offer the advantages of low power 
dissipation, low cost and high peformance. 

• Organization: 1,048,576 words x 1 bit 

• Static operation: No clocks or refresh required 

• Fast access time: 25ns max. (MB82BOOl-25) 
35ns max. (MB82BOOl--35) 

• Single +5V(±10%) power supply with low current drain 

Active operation = 120mA max. 
Standby operation = 15mA max. (CMOS level) 
Standby operation = 25mA max. (TTL level) 

• Separate data input and output 

• TTL compatible inputs and output 

• Chip select for simplified memory expansion, automatic power down 

• All inputs and output have protection against static charge 

• 400 mil width 28-pin SOJ package (Suffix: -PJ) 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 

Rating Symbol Value 

Supply Voltage Vee ...{l.5 to +7.0 

Input Voltage on any pin with to GND V IN ...{l.5 to +7.0 

Output Voltage on any pin with to GND V OUT ...{l.5 to +7.0 

Power Dissipation PD 1.0 

Output Current lOUT ±20 

Temperature under Bias T BIAS -10 to +85 

Storage Temperature TSTG -40 to +125 

Unit 

V 

V 

V 

W 

mA 

°c 
°c 

NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
condibons as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

Copy'~ht© 1989 FUJITSU LIMITED 

PLASTIC PACKAGE 
LCC-28P-M05 

PIN ASSIGNMENT 

A Itc 
A A 
A A 
A A 
A A 
A A 

NC A 
A NC 
A A 
A A 
A A 
~ A 

WE llJII 
GND CS 

J~~~~C;u~:aih~~r~!~~ t~::: :r8 !~~~ '~d:~ 
However, it is advised that normal precautions be taken to 
avoid application of any voll:age higher than maximJm rated 
voll:ages to this high i~ance circuit. 
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MB82BOO1-25 
MB82BOO1-35 

Ao 

A, 

A2 

A3 

A. 

As 

As 

A7 

As 

DIN 

WE 

TRUTH TABLE 

CS WE 

H X 

L L 

L H 

INPUT 
DATA 
CONT. 

Mode 

Not Selected 

Write 

Read 

Fig. 1 - MB82BOO1 BLOCK DIAGRAM 

• 

ROW 
CELL 

• ARRAY 
SELECT 512 ROWS 

2048 COLUMNS 

• 

• • • 
COLUMN I/O CIRCUITS 

COLUMN SELECT 

Output Power 

High-Z Standby 

High-Z Active Legend: H = High level 
L = Low level 

DOUT Active X = Don't Care 

CAPACITANCE eTA = 25°C f = 1 MHZ) 

Parameter Symbol Typ 

Input Capacitance (VIN = 0 V) CIN 

CS Capacitance (VCS = 0 V) Ccs 

Output Capacitance (VOUT = 0 V) COUT 

2-4 

Vee 

GND 

DOUT 

Max Unit 

6 pF 

7 pF 

7 pF 



MB82B001-25 
MB82B001-35 

PIN DISCRIPTION 
Symbol Pin name Symbol Pin name 
AO to AS Address Input WE Write Enable 

DIN Data Input Vee PowerSupply(+10%) 

DOUT Data Output GND Ground 

CS Chip Select NC No Connect 

RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 V 

Ambient Temperature TA 0 70 °c 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Test Condition Symbol Min Typ Max Unit 

Input Leakage Current VIN = OV to Vee III -1 1 
Vee = Max. IJA 

CS = VIH, 

Output Leakage Current VOUT = OV to Vcc ILO -1 1 IJA 
Vee = Max. 

CS = VIL, lOUT _ OmA lec, 50 80 

Active Supply Current Vee ~ Max VIN ~ VII or VI_ mA 
Vee = Max., CS = VIL 
Cycle = Min., lOUT = OmA le02 80 120 
Vee = Min. to Max. 

CS ~Vce...{J.2V 
ISB' 2 15 

Standby Current VIN ~ Vce - 0.2V or VIN ., 0.2V 
mA 

Vee = Min. to Max. 

Cs=VIH ISB2 10 25 

Output Low Voltage IOL= 16 mA VOL 0.45 V 

Output High Voltage IOH = -4 mA VOH 2.4 V 

. , Vee = OV to Vee Min . 
Peak Power on Current CS = Lower of Vee or Ipo 50 mA 

VIH Min. 

Input Low Voltage VIL ...{J.5'2 0.8 V 

Input High Voltage VIH 2.2 6.0 V 

'I A pull-up resistor to Vrx; on the CS input is required to keep the device deselected; otherwise, power-on current approaches Icc active. 

'2 -3.0 V Min. for pulse width less than 20 ns. 
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MB82B001-25 
MB82B001-35 

• Input Pulse Levels: 

• Input Pulse Rise and Fall Times: 

.. Timing Reference Levels: 

• Output Load: 

AC TEST CONDITIONS 

0.6 Vlo 2.4 V 

3 ns (0.8V to 2.2V) 

Input: VIL = 0.8, VIH = 2.2 V 
Output: VOL = 0.8, VOH = 2.2 V 

Fig. 2 
5V 

DoUI~-------'r-------------~ 

"Including Scope and Jig capacitance Parameters Measured 
excepttLZ, tHZ, tOW and tWZ 
tLZ tHZ tOW and tWZ 

AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Symbol 

IRe 25 35 

1M 25 

25 

Chip Selection 10 Output in Low-Z "5 "6 ILZ 5 5 

Chip Deselection 10 Output in High-Z '11'5 ·6 1HZ 2 15 2 

Chip Selection 10 Power Up time IPU 0 0 

Chip Deselection 10 Power Down !Po 20 

"1 WE is high for Read cycle. 
"2 All Read cycles are determined fr~ the last address transition 10 the first address transition of next cycle. 
"3 Device is continuously selected, CS=VIL,--
"4 Address valid prior 10 or coincident with CS transition low. 
"5 Transition is measuned at the point of ±50OmV from steady state voltage. 
"6 This parameter is measured with specified Load II in Fig. 2. 

2-6 

35 

35 

15 

30 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



READ CYCLE TIMING DIAGRAM 

READ CYCLE: ADDRESS CONTROLLED 'I '3 

ADDRESS 

DATA OUT Previous Data 
Valid 

READ CYCLE: Cs CONTROLLED 'I '4 

'2 

Data Valid 

ADDRESS ~.:.;,;,:.:.'.:.:,:.: .•... '.;.:,: .•.• " .. ' .. '? t _val------"~~'------t1.,.,:.:., ...•.•...•.•. ,:.: .•.•. : .•.•...••• ;;:,:::;'::;;';;:,;; ~ ~;...<",,»,<> 

1----- tACS -----iot 

DATA OUT 

Icc 

ISB 

~ : Undefined lZ3 : Don't Care 

'I WE is high for Read cycle. 
'2 All Read cycles are determined fr~ the last address transition to the first address transition of next cycle. 
'3 Device is continuously selected, CS=VIL~ 
'4 Address valid prior to or coincident with CS transition low. :5 Tr~nsition is measured at the I'0int of ±500mV from steady state voltage. 

MB82B001-25 
MB82B001-35 

2-7 



MB82B001-25 
MB82B001-35 

AC CHARACTERISTICS (Continued) 
(Recommended nn .. r~ltln" conditions unless otherwise noted.) 

Parameter 

Write Cycle Time '3 \We 25 

Chip Selection to End of Write tcw 16 

Address Valid to End of Write lAW 18 

Write Pulse Width 

Data Valid to End of Write tow 10 

Write Recovery Time twR o 

Data Hold Time toH o 

Write Enable to Output in High-Z '4 '5 twz o 

Output Active from End of Write '4 '5 tow o 

10 

WRITE CYCLE TIMING DIAGRAM 
WRITE CYCLE: WE CONTROLLED '1 '2 

35 

26 

28 

20 

15 

0 

0 

0 

0 

'3 
~-------------------twc~------------------~ 

2-8 

ADDRESS Valid 

~----------- tew -------~ 

~------twp-----~ 

DATA IN 

DATA OUT 

'1 Caw WE must be high during addren,.transitions. 
'2 If CS goes high simultaneously with WE high, the output remains in high impedance state. 
'3 All Write cycles are determined from the last address transition to the first address transition of next cycle. 
'4 Transition is measured at the point of ±500mV from steady state voltage. 
, This me i m au ith ified dll' i 

ns 

ns 

ns 

ns 

ns 

15 ns 

ns 

: Don't Care 



WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE: CS CONTROLLED '1 '2 

'3 

ADDRESS Valid 

to:.. ... -------------------------------t-A-W- ------------------------------t~--~ tWR 

MB82B001-25 
MB82B001-35 

~----------------twc ~------------R--~ 

-------,! 14-0------ t~u. ------..l 1_;.----------

~-------twp------~ 

toi---- tow 

DATA IN 

DATA OUT ~. ____ ~( ~------------H~i9~h--Z------------

~ :Undefined E2J : Don't Care 

'1 C&..!lr WE must be high during addreWransitions. 
'2 If CS goes high simultaneously with WE high, the output remains in high impedance state. 
'3 All Write cycles are determined from the last address transition to the first address transition of next cycle. 
'4 Transition is measured at the point of ±50OmV from steady state Voltage. 
'5 This parameter is measured with specified Load II in Fig. 2. 
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MB82B001-25 
MB82B001-35 

PACKAGE DIMENSIONS 
28-LEAD PLASTIC LEADED CHIP CARRIER 

(CASE No_: LCC-28P-M05 } 
,....,....,r-. __ . ______ _ 

,-

'-

-
.089(2.25) 

NOM 

"A" 

a .004(0.10) 

F)l 
.368±.020 

(9.35±0.51 ) 

_~J';j; 
f--

.025(0.64) 
MIN 

.140(3.55) 
MAX 

.032(0.81) 
MAX 

005 
0.13) 

Details of" A" part 

.'988 FUJITSU LIMITED C28065S·1C 
* This dimension includes resin protrusion. 

(Each side:.006(0.15)MAX.) 
Dimensions in 
inches (millimeters) 
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October 1989 
Edition 1.0 

MB82B005-251-35 
DATA SHEET 

cP 
FUJITSU 

1 M BIT HIGH SPEED BI-CMOS SRAM 
262,144 WORDS x 4 BITS HIGH SPEED BI-CMOS 

STATIC RANDOM ACCESS MEMORY 

Bi-CMOS process technology. To make power dissipation lower and high speed, peripheral 
circuits consist of ~MOS technology, and to obtain smaller chip size, cells consist of N MaS 
transistors and resistors. 

The memory utilizes asynchronous circuitry and may be maintained in any state for an indefinite 
period of time. All pins are TIL compatible, and a single 5 volts power supply is required. The 
MB82B005 has 400mil plastic small out-line J-Iead(SOJ) as package option. 

The MB82B005 is ideally suited for use in datapracessing systems and other applications where 
last access time and ease of use are required. All devices offer the advantages of low power 
dissipation, low cost and high peformance. 

• Organization: 262,144 words x 4 bits 

• Static operation: No clocks or refresh required 

• Fast access time: 25ns max. (MB82B005-25) 
35ns max. (MB82B005-35) 

• Single +5V(±10%) power supply with low current drain 

Active operation = 120mA max. 
Standby operation = 15mA max. (CMOS level) 
Standby operation = 25mA max. (TIL level) 

• Common deta input and output 

• TTL compatible inputs and outputs 

• Chip select for simplified memory expansion, automatic power down 

• All inputs and output have protection against static charge 

• 400 mil width 28-pin SOJ package (Suffix: -f>J) 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 

Rating Symbol 

Supply Voltage Vrx; 

Input Voltage on any pin with to GND Y,N 

Output Voltage on any pin with to GND V OUT 

Power Dissipation Po 

Output Current lOUT 

Temperature under Bias T BIAS 

Storage Temperature TSTG 

Value 

-C.5to+7.0 

-C.S to +7.0 

-C.5to +7.0 

1.0 

±20 

-10 to +85 

-40 to +125 

Unit 

V 

V 

V 

W 

mA 

·C 

·C 

NOTE: Permanent device damage may oocur H the above Absolute Maximum 
R.tI~. are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affecl device 
reliability. 

Copyright© 1_ FUJITSU LlMIlCD 

PLASTIC PACKAGE 
LCCo28P-MOS 

PIN ASSIGNMENT 

10 
2 
3 
4 
5 
8 
7 
B 

t~ 1
9
0 11 

[~ 12 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

..A 
..Qli 
DE if 13 

14 GND 

28 
'Z1 
26 
25 
24 
23 

TOP 22 
VIEW 

~I 19 

:~ ~ 
0 :: J 

'tc 
A 
A 
A 
A 
A 
A 
A 
NC 
1104 
1103 
1102 

.IIW 
WE 

J~:'::-h~:r::~ -= ~ =1::' 
However, • is advised that normal precautions be taken to 
avoid appicalion of any voltage higher than maxinum rated 
voIIages to this high inpedanoo citoult. 
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MB82BOO5-25 
MB82BOO5-35 

Fig. 1 - MB82B005 BLOCK DIAGRAM 

Ao 

A, 

A2 • 
A3 CELL 

ROW • ARRAY 
A. SELECT 512 ROWS 

512COLUMNS 
As x4 • 
As 

A7 

As 

• • • 
VOl 

COLUMN I/O CIRCUITS 

V02 INPUT COLUMN SELECT 
DATA 

V03 CONTROL 

va. 

CS 
Ag A,o A" A'2 A'3 A,. 

OE 

WE 

POWER 
DOWN 

CIRCUIT 

TRUTH TABLE 

CS WE OE Mode 110 Power 

H X X Not Selected High-Z Standby 

L H H Output Desable High-Z Active 

L L X Writte DIN Active Legend: H = High level 

L H L Read DouT Active L = Low level 
X = Don't Care 

CAPACITANCE (TA = 25°C f = 1 MHZ) 

Parameter Symbol Typ 

Input Capacitance (VIN = 0 V) CIN 

Cs Capacitance (Vl!!\ = 0 V) cCs 

Output Capacitance (VOUT = 0 V) CoUT 

2-12 

Vee 

GND 

A A,s A17 '5 

Max Unit 

6 pF 

7 pF 

7 pF 



MB82BOO5-25 
MB82BOO5-35 

PIN DISCRIPTION 
Symbol Pin name Symbol Pin name 
AOtoA17 Address Input WE Write Enable 
1/01 to 1/04 Data InputlOutput Vee Power SupplyLt 10%) 
OE Output Enable GND Ground 
CS Chip Select NC No Connect 

RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 V 

Ambient Temperature TA 0 70 °c 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Test Condition Symbol Min Typ Max Unit 

Input Leakage Current VIN = OV to Vee III -1 1 
Vee = Max. J.IA 

Cs = VIH, or OE=VIH 

Output Leakage Current VOUT = OV to Vee ILO -1 1 J.IA 
Vee = Max. 

CS = VIl, lOUT - OmA leel 50 80 
Actiw Supply Current Vee _ Max V,N _ VI' Dr V" mA 

Vee = MaX., CS = V,L 
Cycle = Min., lOUT = OmA 1CC2 80 120 
Vee = Min. to Max. 

Cs~Vee~.2V 
1591 2 15 

Standby Current VIN ~ Vee - 0.2V or VIN :s; 0.2V 
mA 

Vee = Min. to Max. 
Cs=VIH 1592 10 25 

Output Low Voltage IOL=8mA VOL 0.4 V 

Output High Voltage IOH =-4 mA VOH 2.4 V 

'1 Vee = OV to Vee Min. 
Peak Power on Current CS = Lower of Vee or IPO 50 mA 

VIH Min. 

Input Low Voltage VIL ~.5'2 0.8 V 

Input High Voltage VIH 2.2 6.0 V 

'1 A pul~up resistor to Vcc on the CS input is required to keep the device deselected; otherwise, power-on current approaches Icc actiw. 

'2 -3.0 V Min. for pulse width less than 20 ns. 

2-13 
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MB82BOO5-25 
MB82BOO5-35 

• Input Pulse Levels: 

• Input Pulse Rise and Fall Times: 

• Timing Reference Levels: 

• Output Load: Fig. 2 

5V 

R1 

R2 

AC TEST CONDITIONS 

0.6 Vto 2.4 V 

3 ns (0.8V to 2.2V) 

Input: VIL = 0.8, VIH = 2.2 V 
Output: VOL,= 0.8, VOH = 2.2 V 

Parameters Measured 
except tCLZ, tCHZ, IOLZ, 10HZ, lOW and tWZ 
tCLZ tCHZ tOLZ 10HZ lOW and tWZ 

'Including Scope and Jig capacitance 

AC CHARACTERISTICS 
(Recommended operating condHlons unless otherwise noted.) 

Parameter 

Read Cycle Time '2 lAC 25 35 

Address Access Time '3 fAA 25 

Chip Select Access Time '4 lACS 25 

Output Enable Access Time 10 

Output Hold from Address Change 

Chip Selection to Output in Low-Z '5'6 \cLl 5 5 

Chip Selection to Output in High-Z '5'6 \cHZ 2 15 2 

Output Enable to Output in 0 

Output Enable to Output in High-Z ·5"*6 10HZ 0 15 0 

Chip Selection to Power Up time IPU 0 0 

Chip Deselection 10 Power Down IPO 

'1 WE is high for Read cycle. 
'2 All Read cycles are determined from the last address transition to the first address transition of next cycle. 
'3 Device is continuously selected, C§..VIL ~=VIL. 
'4 Address valid prior to or coincident with CS transition low. 
'5 Transition is measured at the point of ±50OmV from steady state voltege. 
'6 This parameter is measured with specified Load II in Fig. 2. 
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35 

15 

15 

15 

ns 

ns 

ns 
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READ CYCLE TIMING DIAGRAM 

READ CYCLE: ADDRESS CONTROLLED '1 '3 

'2 
~--------------tRC--------------~ 

~~,.,..,...,..,.. 

ADDRESS Valid 

DATA OUT Data Valid 

READ CYCLE: CS CONTROLLED '1 '4 

ADDRESS ~""-'_====val_~~'_----,~$ 
~-------t~s--------~ 

DATA OUT 

Icc 

ISB 

jg8I : Undefined 12:3 : Don't Care 

'1 WE is high lor Read cycle. 
'2 All Read cycles are determined fr.Q!!) the iU! address transition to the first address transition of next cycle. 
'3 Device is continuously selected, CS=VIL..Q.E=VIL. 
'4 Address valid prior to or coincident with CS transition low. :5 Transition is me~ured at the ~int of '!=500mV from steady state voltage. 

MB82BOO5-25 
MB82BOO5-35 
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MB82BOO5-25 
MB82BOO5-35 

AC CHARACTERISTICS (Continued) 
(Recommended conditions unless otherwise noted.) 

Parameter 

Write Cycle Time '3 !We 25 

Address Valid to End of Write lAW 18 

twP 15 

Data Valid 10 End of Write tow 8 

Write Recovery Time twR 0 

Data Hold Time IDH 0 

Write Enable 10 Output in High-Z '4 '5 twz 0 

OUtput Active from End of Write '4 '5 tow 0 

8 

_ WRITE CYCLE TIMING DIAGRAM 
WRITE CYCLE: WE CONTROLLED '1 '2 

35 

28 

0 

20 

12 

0 

0 

0 14 

0 

'3 
~------------------twc~----------------~~ 

ADDRESS Valid 

\4------------ tew ------------...-j 

\4-------twp------~ 

DATA IN 

t~44~ 
_____ H~i9~h_-Z _________ ~ 

~ : Undefined E2J : Don1 Care 

2-16 
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WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE: CS CONTROLLED '1 '2 

'3 
~-----------------twc ~--------------~ 

ADDRESS 

DATA IN 

MB82BOO5-25 
MB82BOO5-35 

DATA OUT 
High-Z ~ <: ~ ________________ H_~~h_-_Z __________ ___ 

~ : Undefined lZl'· , 
.• , ••••.• < : Don't Care 

'1 C&.lIr WE must be high during add~nsitions. 
'2 If CS goes high simultaneously with WE high, the output remains in h~h impedance state. 
'3 All Write cycles are determined from the last address transition to the first address transition of next cycle. 
'4 Transition is measured at the point of ±500mV from steady state Voltage. 
'5 This parameter is measured with specified Load II in Fig. 2. 
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MB82BOO5-25 
MB82BOO5-35 

PACKAGE DIMENSIONS 
28-LEAD PLASTIC LEADED CHIP CARRIER' 

(CASE No.: Lcc.28P·MOS I 

.., ........................................ -

I o .400(10.16) 

r J" 
I
~UUUUUUUUUUUU=-1 

... .:' .725'.005(18.42±0.13) • 

"A" 

.650(16.51) REF 

,-

1-
.089(2.25) 

NOM 

F 

~ 

-

01. FWfTSU LIMITED C28065S·1C 
* This dimension includes resin protrusion. 

(Each side:.006(0.15)MAX.) 

2-18 

~1 
.368±.020 

(9.35±0.51) 

J"~"j; OOS 
0.13) 

.025(0.64) 
MIN 

.140(3.55) 
MAX 

.032(0.81) 
MAX 

Details of" A" part 

Dimensions in 
inches (millimeters) 



November 1989 
Edition 1.1 

MB82B006-251-35 

00 

DATA SHEET 
FUJITSU 

1 M BIT HIGH SPEED BI-CMOS SRAM 
262,144 WORDS X 4 BITS HIGH SPEED BI-CMOS 

STATIC RANDOM ACCESS MEMORY 

The Fujitsu MB82BOO6Is 262.144woras x 4 DilS staticranciom access memury IC:f,uli\.oclLt,u "~u\ Q 

Bi-CMOS process technology. To make power dissipation lower and high speed, peripheral 
circuits consist of Bi-CMOS technology, and to obtain smaller chip size, cells consist of NMOS 
transistors and resistors. 

The memory utilizes asynchronous circuitry and may be maintained in any state for an indefinite 
period of time. All pins are TIL compatible, and a single 5 volts power supply is required. The 
MB82B006 has 400mil plastic small out-line J-lead(SOJ) as package option. 

The MB82BOO6 is ideally suited for use in dataprocessing systems and other applications where 
fast access time and ease of use are required. All devices offer the advantages of low power 
dissipation, low cost and high peformance. 

• Organization: 262,144 words x 4 bits 
• Static operation: No clocks or refresh required 
• Fast access time: 

25ns max.(MB82Boo6-25) 
35ns max.(MB82BOO6-35) 

• Single +5V(±10%) power supply with low current drain 

Active operation = t20mA max. 
Standby operation = 15mA max. (CMOS level) 
Standby operation = 25mA max. (TIL level) 

• Separate data input and output 
• TIL compatible inputs and outputs 
• Chip select for simplified memory expansion, automatic power down 
• All inputs and output have protection against static charge 
• 400 mil width 32;>in SOJ package (Suffix: -PJ) 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 

Rating Symbol Value 

Supply Voltage Vee -{l.5 to +7.0 

Input Voltage on any pin with to GND V ,N -{l.5 to +7.0 

Output Voltage on any pin with to GND V OUT -{l.5 to +7.0 

Power Dissipation PD 1.0 

Output Current lOUT ±20 

Temperature under Bias T BIAS -10 to +85 

Storage Temperature Tsm --40 to +125 

Unit 

V 

V 

V 

W 

mA 

"C 

"C 

NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
condibons as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability . 

Copyrlgh.©' 989 FUJITSU LIMITED 

NC 

A 
A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

14 

13 

CS 

GND 

T.B.D. 

PLASTIC PACKAGE 
LCC-32P-MXX 

PIN ASSIGNMENT 

(TOP VIEW) 

Vee 

A 

A 
A 

A 

A 

A 

A 

NC 

11 

12 

01 

02 

03 

04 
WE 

J~~du~~aj~~~~!~ t::; !r8 ~'::t~ av~\~~~ 
However. It is advised that nannal precautions be taken to 
avoid application of any voltage higher than maximum rated 
voltages 10 this high Irrpedance circuit. 
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MB82BOO6-25 
MB82B006-35 

11-------1 

12-------; 

13-------1 

14-------1 

POWER 
DOWN 

CIRCUIT 

TRUTH TABLE 

cs WE Mode 

H X Not Selected 

L H Read 

L L Write 

Fig. 1 - MB82BOO6 BLOCK DIAGRAM 

ROW 
SELECT 

INPUT 
DATA 

• 

• 

• 

• 

CONTROL • 

Output 

High-Z 

DOUT 

High-Z 

Po_ 

Standby 

Active 

Active 

CELL 
ARRAY 

512 ROWS 
512COLUMNS 

x4 

• • • 

COLUMN VO CIRCUITS 

COLUMN SELECT 

Legend: H = High level 
L= Low level 
X = Don't Care 

CAPACITANCE (TA = 25°C f = 1 MHz) 

Parameter Symbol Typ 

Input Capacitance (VIN = 0 V) CIN 

OS Capacitance (VCS = 0 V) Ccs 

Output Capacitance (VOUT = 0 V) COUT 

2-20 

Max 

6 

7 

7 

Vee 

GND 

01 

02 

03 

04 

Unit 

pF 

pF 

pF 



MB82BOO6-25 
MB82BOO6-35 

PIN DISCRIPTION 
Symbol Pin name Symbol Pin name 
AO to A17 Address Input WE Wrila Enable 

11 to 14 Data Input Vee PowerSupp~LT10%) 

01 to 04 Data Output GND Ground 

CS Chip Select NC No Connect 

RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) , I I I I I 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 V 

Ambient Temperature TA 0 70 °c 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Test Condition Symbol Min Typ Max Unit 

Input Leakage Current VIN = OV to Vee 
III -1 1 

Vee = Max. ~ 

Cs=VIH 

Output Leakage Current Vour = OV to Vee ILO -1 1 ~ 
Vee = Max. 

Cs = VIL, lOUT- OmA leel 50 SO 

Active Supply Current Vee ~ Max .. VIN ~ VIL or VIH mA 
Vce = Max., CS = VIL 
Cycle = Min., lour = OmA IC02 SO 120 

Vee = Min. to Max. 

CS ~ Vee -O.2V ISBl 2 15 
Standby Current VIN ~ Vee - 0.2V or VIN S 0.2V 

mA 

12f; = Min. to Max. 

CS=VIH ISB2 10 25 

Output Low Voltage IOL=SmA VOL 0.4 V 

Output High Voltage IOH - -4 mA VOH 2.4 V 

·1 Vee = OV to Vee Min. 
Peak Power on Current CS = Lower of Vee or IPO 50 mA 

VIH Min. 

Input Low Voltage VIL -0.5"2 O.S V 

Input High Voltage VIH 2.2 6.0 V 

"I A pull-up resistor to Vcc on the CS input is required to keep the device deseleclad; otherwise, power-on current approaches Icc active. 

"2 --.'3.0 V Min. for pulse width less than 20 ns. 

I 
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MB82BOO6-25 
MB82BOO6-35 

• Inpul Pulse Levels: 

• Inpul Pulse Rise and Fall Times: 

• Timing Reference Levels: 

• OutpUI Load: Fig. 2 

AC TEST CONDITIONS 

0.6 Vto 2.4 V 

3 ns (O.BV to 2.2V) 

Input: VIL = O.B, VIH = 2.2 V 
Output: VOL = O.B, VOH = 2.2 V 

5V 

R1 

~I~----~--------~ 

R2 

Rl R2 CL Parameters Measured 
Load I 4800 2550 30pF excepllLZ, 1HZ, tOW and IWZ 

Load" 4800 2550 5pF ILZ tHZ tOW and tWZ 

"Including Scope and Jig capacltanoa 

AC CHARACTERISTICS 
(Recommended ODl!ratt'na condHlons unless otherwise noted.) 

Parameter 

Read Cycle Time "2 tRe 25 35 

Address Access Time "3 25 

Chip Select Access Time "4 lAcs 25 

Output Hold from Address Change IOH 5 5 

5 

2 15 2 

Chip Seleclion to Power Up time !PU o o 

Chip Deselection to Power Down !PO 20 

"I WE is high for Read cycle. 
"2 All Read cycles era determinad from the last address transition to the first address transition of next cycle. 
"3 Devioa is continuously selected, CS=VIL,,-
"4 Address valid prior to or coincident with CS transition low. 
"5 Transition is measured at the point of ±5OOmV from steady slate voIlage. 
"6 This parameter is measured with specifiad Load II in Fig. 2. 
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35 

15 

30 

ns 
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READ CYCLE TIMING DIAGRAM 

READ CYCLE: ADDRESS CONTROLLED "1 "3 

ADDRESS 

DATA OUT Previous Data 
Valid 

READ CYCLE: CS CONTROLLED·1 ·4 

Valid 

Data Valid 

"2 
~--------------tRC------------~ 

ADDRESS Valid 

~------- tACS -------~ 

DATA OUT 

Icc 

ISB 

a :Undefined EZJ : Don't Care 

·1 WE is high for Read cycle. 
"2 All Read cycles are determined from the last address transition to the first address transition of next cycle. 
"3 Device is continuously seiectad, CS:VIl,--
·4 Address valid prior to or coincident with CS transition low. 
·S Transition is measured at the point of ±5OOmV from steady state voltage. 
·S This parameter is measured with specified Load II in Fig. 2. 

MB82BOO6-25 
MB82BOO6-35 
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MB82BOO6-25 
MB82BOO6-35 

AC CHARACTERISTICS (Continued) 
(Recommended oDl~ratllna conditions unless otherwise noted,) 

Parameter 

Write Cycle TllTle '3 !We 25 

Address Varsd to End of Write lAW 18 

lAS 0 

Data Valid to End of Write 1DW 10 

Write Recovery Time twR 0 

0 

write Enable to Output in High-Z '4 '5 IWZ 0 

Output Active from End of Write '4 '5 tow 0 

10 

_ WRITE CYCLE TIMING DIAGRAM 
WRITE CYCLE: WE CONTROLLED 'I '2 

35 

28 

0 

15 

0 

0 

0 

0 

'3 
~-----------------twc~--------------~~ 

ADDRESS VaUd 

... ------- tew -------.t 

14----- twp ------.j 

DATA IN 

DATA OUT 

'I ~ WE must be high during addra.u..transitions. 
a :Undefined 

'2 II CS goes high simultaneously with WE high, the output ramains in high impedanca state. 
'3 All Write cycles are determined from the last addrass transition to the first addrass transition 01 next cycle. :4 T~sition is me!lSured at the J?Oint 01 =!=50OmV fro~ steady state voltage. 
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WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE: CS CONTROLLED "I "2 

ADDRESS 

"3 
~---------------t~ ~------------~ 

Valid 

MB82BOO6-25 
MB82BOO6-35 

~----------- tAW -----------.-t .. I, 
-----~ /4---------tcw ---------i 11-;....--------

1------ twp ------t 

DATA IN Valid 

DATA OUT 
High-Z ~ <: ~ ________ H_i~9h_-_Z _____ _ 

~ :Undefined f2J : Don't Care 

"I C~ WE must be high during addreUjransitions. 
"2 II CS goes high simultaneously with WE high, the output remains in high impedance state. 
"3 Ali Write cycles are determined from the last address transition to the first address transition of next cycle. 
"4 Transition is measured at the point of ±500mV from steady state voltage. 
"5 This parameter is measured with specified Load Ii in Fig. 2. 

Aft Rights Reserved. Circuit diagrams utUizlng Fujlt&u prodUds are included as a means of 
iHustrating typcaI semiconductor applications. Co~ Information suflk:lem for 

COrIstl'Udion purposes Is noI necessarflyglven. The information contained In this document 

has been carefully checked and 16 believed to be reliable. However, Fujitsu auumes no 

responsibility for inaccuracies. 

The Information contained In this document does not convey any licenae under the 

ccpyrlgtu, patent rights or tradamarks claimed and owned by Fujitsu. Fujitsu reserves the 
right to change products or specllcatlons whhout notice. No part of this pLbllcatlon may be 

cq:>Ied or repf'oduced In any form or by any means, or transferred to any third party without 

prior written consent of Fujitsu. 
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TS28G-A89Z 
December 1989 

M882871-151-20 

OJ 

DATA SHEET 
FUJITSU 

64K BIT HIGH SPEED BI-CMOS SRAM 
65,536-WORD X 1-BIT Bi-CMOS HIGH SPEED 

STATIC RANDOM ACCESS MEMORY 

The FUjitsu Mt::382t:S/lIS a bb,o:.itiworas oy 1 bits SIalic random au;t::::i:S 111t:IIIUIY idi.llil.A;l~C'Jw·;u\CI. 

CMOS silicon gate process. To make power dissipation lower and high speed, peripheral 
circuits consist of Bi-CMOS technology, and to obtain amaller ch" size, cells consist of NMOS 
transistors and resistors. 

MB82B71 has 300mii plastic DIP, leadless chip carrier (LCC) and 300mil plastic small out-line 
J-lead (SOJ) package as package option. The memory utilizes asynchronous circuitry and 

requires +5V power supply. All pins are TIL compatible. 

The MB82B71 is ideally suited for use in large computer and other applications where fast 
access time, large-<:apacity and ease of use are required. 
All devices offer the advantages of low power dissipation, low cost high performance. 

• Organization: 65,536 words x 1 bit 
• Static operation: No clocks or refresh required 
• Fast access time: 

tAA=tACS=15ns max.(MB82B71-15) 
tAA=tACS=20ns max.(MB82B71-20) 

• Single=5V(+ 10%) power supply with low current drain: 
Active operation=120mA max. 
Standby operation=15mA max.(CMOS level) 
Standby operation=30mA max.(TIL level) 

• Bi-CMOS peripheral 
• TIL compatible inputs/outputs 
• Three-state output 
• 300 mil width 22-pin plastic Skinny 01 P package (Suffix: -P-SK) 
• 300 mil width 24-pin plastic SOJ package (Sullix: -PJ) 
• 22-pad lead less Chip Carrier package (Suffix:-CV) 
• Pin compatible with MB81C71A 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 

Rating Symbol Value 

Supply Voltage Vcc -0.5 to +7.0 

Input Voltage on any pin with to GND VIN -0.5 to +7.0 

Output Voltage on any pin with to GND Vuo -0.5 to +7.0 

Power Dissipation Po 1.0 

Output Current lOUT ±20 

Temperature under Bias TSIAS -10 to +85 

I Plastic -40 to +125 
Storage Temperature 

I 
Tsm 

Ceramic -65 to +150 

Unit 

V 

V 

V 

W 

rnA 

fC 

·C 

NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

Copyrlghl© '989 FUJITSU LIM ITED 

PLASTIC PACKAGE 
DIP-22P-M04 

PLASTIC PACKAGE 
LCC-24P-M02 

PIN ASSIGNMENT 

Vee 
A, 
A, 
A, 
A. 
A" 
A" 
A,. 
A. 

we 0,. 

J~~:n:;o~ai~~~r~~~ 1~~~: ~re !~ric ':~d!~ 
However •• Is advised that normal precautions be taken to 
avoid application of any voltage higher than maxirrum rated 
voltages to this high irrpedance circu_. 
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Fig. 1 - MB82B71 BLOCK DIAGRAM 

T.B.D 

CAPACITANCE {Ta=25°C, f=1MHz) 

MB82B71-15 
MB82B71-20 



PIN DISCRIPTION 

Symbol Pin name Symbol 

AO to Al5 Address input. WE 

DIN Data input. vee 

DOUT Data output. GND 

r.~ r.hin ~~ll3ort-. , , . , 

TRUTH TABLE 

es WE Mode Output 

H X NottSelected High-Z 

L L Write High-Z 

L H Read DOUT 

Legend: H=High level, L=Low level, X=Don't care 

RECOMMENDED OPERATING CONDITIONS 
Referenced to GND) 

Parameter Symbol Min 

Supply Voltage vee 4.5 

Ambient Temperature TA 0 

, 

Typ 

5.0 

Pin name 

Write Enable. 

MB82B71-15 
MB82B71-20 

Power Supply(+5V+lO%). 

Ground. 

, 

Power Supply Current 

Standby 

Active 

Active 

Max Unit 

5.5 V 

70 °e 
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DC CHARACTERISTICS 
MB82B71-15 
MB82B71-20 

Recommended operatiDJt conditions otherwise noted.} 

Parameter Test Conditions Symbol Min Max Unit 

Input Leakage Current VIN=GND to VCC ILl -5 5 l1A 
VCC=max. 

Output Leakage Current VOUT=GND to VCC ILI/O -5 5 l1A 
CS=VIHor WE=VIL 

Operating Supply Current CS=VIL, DOUT=Open ICC 120 mA 
Cycle=min. 
VCC-min. to max. 

Standby Supply Current CS=VCC-0.2V, VINSO.2V ISB1 15 mA 
or VI~VCC-0.2V 

Standby Supply Current CS=VIH ISB2 30 mA 
VCC=min. to max. 

Input High Voltage VIH 2.2 6.0 V 

*1 
Input Low Voltage VIL -0.5 0.8 V 

Output High Voltage IOH=-4mA VOH 2.4 V 

Output Low Voltage IOL=8mA VOL 0.4 V 

VCC=GND to 4.5V 
Peak Power-on Current *2 CS=Lower of VCC or IPO 50 mA 

VIH min. 
Note: *1 -2.0V min. for pulse w1dth less than 20ns. 

*2 The CS input should be connected to VCC to keep the device deselected. 

Fig. 2 - AC TEST CONDITIONS 

• Input Pulse Levels: 
• Input Pulse Rise & Fall Time: 
• Timing Reference Levels: 

• Output Load 
5V 

480Q 

Dout o-------.-----~ 

255Q 

0.6V to 2.4V 
1ns(Transient between 0.8V and 2.2V) 
Input: VIL=0.8V, VIH=2.2V 
Output: VOL=0.8V, VOH=2.2V 

* Including Scope and jig capacitance 

Parameters measured 
t tLZ, tHZ tOW and tWZ 
tHZ, tOW and tWZ 
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AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

READ CYCLE 

Parameter Symbol MB82B71 15 
Min Max 

Read Cycle Time tRC 15 
Address Access Time tAA 15 
ICS Access Time tACS 15 
Output Hold from Address Change tOH 3 
Output Low-Z from ICS tLZ 3 
Gu.t:VuL: ~:lgh-Z fJ..vw /C3 ~n'" 0 
Power Up from ICS tPU 0 
Power Down from ICS tPD 15 

READ CYCLE TIMING DIAGRAM *1 

READ CYCLE ·3 

ADDRESS 

DoUT PREVIOUS DATA VALID 

READ CYCLE: CS CONTROLLED·4 

MB82B71 20 
Min Max 

20 
20 
20 

3 
3 

iG 
0 

15 

MB82B71-15 
MB82B71-20 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

ADDRESS 
..{"":::::~~~~--~~---------tR_c::::::::::::::,,-~--+l1f'i)mN.)@i~WN.t)ii£W 

HIGH-Z HIGH-Z 
DoUT 

SUPPLY ICC _____ r-~:o1-__________ ~:::::_IP_D::_-_-_-1.~-50-'%--
W~~ ~~ ~ ~ 

~ Undefined InfH Don't Care 

Note: *1 WE is high for Read cycle. 
*2 Device is continously selected, CS=VIL. 
*3 Address valid prior to or coincident with CS transition low. 
*4 Transition is measured at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load II in Fig. 2. 
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WRITE CYCLE 

Parameter Symbol MB82B71-15 MB82B71-20 
Min Max Min Max 

Wr ite Cyc 1 e Time tWC 15 20 
Address Valid to End of Write tAW 12 17 
ICS to End of Write tCW 12 17 
Data Setup Time tDW 4 9 
Data Hold Time tDH 0 2 
Write Pulse Width tWP 11 16 
Write Recovery Time tWR 1 3 
Address Setu~ Time tAS 0 0 
Output Low-Z from lWE tOW 0 0 
Output High Z from lWE tWZ 6 8 

WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE I: WE CONTROLLED 

ADDRESS 1l1i~~::::::::::::::::::::::::::::::::::::::::::~ 

DIN 

MB82B71-15 
MB82B71-20 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

lWZ"4~ toW"4j ... 
-><...,....X--,"'I:"'X-.,.X~~X--.,..X~l'"O:X~"'I:"'><1-,+...p __ HIG_H-_Z -~ 

DoUT 

~ Undefined lmawl Don" Car. 

Note: *1 If CS goes high simultaneously with WE high, the output remains in high 
impedance state. 
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*2 All Write cycle are determined from last address transition to the first 
address transition of the next address. 

*3 Transition is measured at the point of ±500mV from steady state voltage. 
*4 This parameter is specified with Load II in Fig. 2. 



WRITE CYCLE TIMING DIAGRAM (Continued) '1'2'4 

WRITE CYCLE II: CS CONTROLLED '1'2 

~~s=l 
cs ~ .... 

I 

"'w ~ 

..,,/r" 

IWP 

R 

~ 

MB82B71-15 
MB82B71-20 

• r-- toH tow 

:S:><XZ><X~--D-ATA-VA-lID--b DIN 

1:&81 Undefined IWNtl Oon't Car. 

Note: 'I ~ or ~ must be high during address transitions. 
'2 If CS goes high simu~aneously with WE high, the output remains in high impedance state. 
'3 All Write cycle timings are referenced from the last valid address to the first transitioning address. 
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PACKAGE DIMENSIONS 
(Suffix:-P-SK) 

MB82B71-15 
MB82B71-20 

22-LEADS PLASTIC DUAL-IN LINE PACKAGE 
(CASE No.:DIP-22P-K04) 

.050(1.27) 
MAX 

.100(2.54) 
TYP 

© 1988 FUJITSU LIMITED D22008S-4C 

(Suffix:-PJ 

D.I72(4.36) MAX 

CP·118(3.00) MIN 

.018±.003 .020(0.51) MIN 

(0.46±0.08) 

Dimensions in 

inches (millimeters) 

24-LEAD PLASTIC SOJ PACKAGE 
(CASE No.: LCC-24P-H02) 

.050%.005 
(1.27±0.131 

.550(13.97IREF 

•. 615±.005(15.62±0.13) 

~~--=n 1'1 , .. 
(S.64± 

.273%.020 
(6.93%0.511 

1'-
!1J. 

I-
.025(0.641 

.09112.311 
MIN 

NOM .144(3.661 
MAX 

Details of "A" part~032(0.SIIMAX 

.102(2.601 
NOM 

r-::::"""""""'=:"1 
1..::;.1._-'-"""'--' • I I .017±.004 

005 
0.131 

---l (0.43±0.10) Dimension. in 
• : This dimension includes resin protrusion. (Each side: .006(0.15)MAX.) Inches (millimetersl. 
01989 FUJITSU LIMITED =S-IC 
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PACKAGE DIMENSION 
(Suffix:-CV) 

CERAMIC PACKAGE 
LCC-22C-AOl 

I' :'~l~I.?!~!: 

"'2 :n 
", ~J 
"'0 ~~ 

A'4 !J 
AU !J 
11.'2 ~J 

0 ........ ~~ 

TO. 
VIEW 

22-PAD CKRAKIC (METAL SEAL) LEADLESS CHIP CARRIER 
(CASE No_: LCC-22C-A01) 

·PIN NO.1 INDEX 

/ n 
.4951.010 

112.5710.2SI 

·~.of 'IN NO.1 INOEX:SubjKl1OclYnpdwl'lflovl no,ice. 

Ol .... "''-i .. 
..... t.a l",WIimn .... 1 

MB82B71-15 
MB82B71-20 
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October 1989 
Edition 1.0 

M882874-151-20 

cO 

DATA SHEET 
FUJITSU 

64K-BIT HIGH SPEED BI-CMOS SRAM 

16,384 WORDS X 4 BITS Bi~MOS HIGH SPEED STATIC 
RANDOM ACCESS MEMORY WITH AUTOMATIC 

PO'.A!ER ~O'.·!~! 

The Fujitsu MB82B74 is a 16,384-words by ~its static random access memory fabricated 
with a CMOS silicon gate process. To make power dissipation lower and high speed, 
peripheral circuits consist of Bf--CMOS technology, and to obtain smaller chip size, cells 
consist of NMOS transistors and resistors. 

MB82B74 has 300mil plastic DIP and leadless chip carrier (LCC) as package option. The 
memory utilizes asynchronous circuiUy and requires +5V power supply. All pins are TIL 
compatible. 

The MB82B74 is ideally suited for use in large computer and other applications where fast 
access time, large capacity and ease of use are required. All devices offer the advantages of 
low power dissipation, low cost high performance. 

• 16,384 words x 4 bits organization 
• Fast access time: 

t...=t.cs=I5ns max. (MB82B74-15) 
t...=t..cs=2Ons max. (MB82B74-20) 

• Bi-CMOS peripheral 
• TIL compatible inputs/outputs 
• Completely static operation: No clock required 
• Thr9&-state output 
• Common data input/output 
• Single=5V(±10%) power supply with low current drain 

Active operation=l20mA max. 
Standby operation=15mA max. (CMOS level) 
Standby operation=25mA max. (TIL level) 

• Standard 22-pin plastic DIP package: Suffix -P 
• Standard 22-pad Leadless Chip Carrier: Suffix -CV 
• Pin compatible with MB81 C74 

ABSOLUTE MAXIMUM RATINGS (see Note) 
Rating Symbol Values 

Supply Voltage Vee --0.5 to +7.0 
Input Voltage V,N ~.5to +7.0 
Output Voltage VIIO --0.5 to +7.0 
Output Current lOUT ±20 
Power Dissipation PD 1.0 
Temperature Under Bias TalAS -10 to +85 

Storage I Ceramic TSTG 
~to+150 

Temperature Range I Plastic -45 to +125 

Unit 
V 
V 
V 

rnA 
W 
·C 

·C 

NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

Copyr~ht" 1989 by FUJllSU LIMITED 

PLASTIC PACKAGE 
DIP-22P-M04 

CERAMIC PACKAGE 
LCC-22C-AOl 

PIN ASSIGNMENT 

A, 

A, 

A, 

A. 

A, 

A, 

A, 

A, 

A" 

CS 

GND 

cs WE 
GND VOl 

v", 
A, 

A, 

A" 

A" 

A" 

VO, 

ItO, 

ItO, 

VO, 

WE 

l 

J:'~ue~tai~~":r~ I~::!:, =Jc ,:~:. 
However •• Is advised that nonnaI precautions be taken 10 
avoid application of any vollage higher than maxllTlJm rated 
voltages to this high irflJ8danc:e circuit. 
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MB82B74-15 
MB82B74-20 

Fig. 1 - MB82B74 BLOCK DIAGRAM 

CAPACITANCE (Ta=25° C, f=1MHz) 
Parameter 

1/0 Capacitance (V",,=OV) 

Input Capacitance (VIN=OV) 

PIN DESCRIPTION 
Symbol 

A" to A,. 

110, to 110, 

CS 

TRUTH TABLE 
cs WE 

H X 

L L 

L H 

Legend: H=High level 
L=Low level 
X=Don't care 

Pin name 

Address input 

Data input/output 

Chip Select 1 

Mode 

Standby 

Write 

Read 

T.B.D. 

Symbol Min 

Coo 

CIN 

Symbol 

WE 

Vee 

GND 

VOpin 

High-Z 

DIN 

Dour 

Typ Mex Unit 

7 pF 

7 pF 

Pin name 

Write Enable 

Power Supply (+5V±10%) 

Ground 

Power Supply Curent 

Standby 

Active 

Active 

RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) 

perameler Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 V 

Ambient Temperature T. 0 70 DC 
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DC CHARACTERISTICS 
(Recommended operating condHlons otherwise noted) 

Paramet. Ta.t Condldons Symbol 

Input Leakage Current VIH=GND to Vee 
lu 

Vee=Max. 

Output Leakage Current V",,=GND to Vee 
I"" CS=V,HorWE=VIl 

~ .. 1- ____ 
Operating Supply Current ""'~"I"" u_=-tIOI1 lee 

Cycle=Min. 

Vee=Min. to Max. 
Standby Supply Current CS=Vcc-O.2V. V,.!D.2V ISBt 

or V,.~Ve<;-O.2V 

Standby Supply Current CS=V .... V,,=V'H or V'L I ... 
Vcc=Min. to Max. 

Input High Voltage Vii 

Input Low Voltage V .. 

Output High Voltage IOH=-4mA VOH 

Output Low Voltage lot=8mA VOl 

Vee=GND to 4.SV 
Peak Power-on Current •• CS=Lower of Vee or lPO 

V'HMin. 

Nota: ·1 -2.0V Min. for pulse widlh less than 2Ons. 
·2 The CS input should be connected to Vee to keep the device deselected. 

Fig. 2 - AC TEST CONDITIONS 
• Input Pulse Levels: 0.6V to 2.4V 
• Input Pulse Rise & Fall lime: 1 ns (Transient between O.8V and 2.2V) 
• liming Reference Levels: Input: V'L=D.8V. V'H=2.2V 

• Output Load 

Dout 

Output: VOI.=O.8V.VOH=2.2V 

SV -.-

=~ 4800 

2550 

Min 

--6 

-5 

2.2 

-{l.5·' 

2.4 

Cl·t 
• Including Scope and jig capacita~ 

.--------.--'C~L--,-----nPa~ram==e~te=~~m~e=u~u=red~----, 

Load I 30pF except Io..z. tH2. low and Iwz 
Load 11 5DF Ia. 1Hz. low an Iwz 

Max 

5 

5 

120 

15 

30 

6.0 

0.8 

0.4 

50 

MB82B74-15 
MB82B74-20 

Unit 

i'A 

II-' 

mA 

mA 

mA 

V 

V 

V 

V 

mA 
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M882874-15 
M882874-20 

AC CHARACTERISTICS 
(Recommended operating condHlons unless otherwise noted.) 
READ CYCLE 

MB82B74-1S 
Parameler Symbol 

Min Max 

Read Cycle Time too 15 

Address Acoess Time ". t... 15 

CS Acoess Time "3 '- 15 

Output Hold from Address Change to.. 3 

Output Low-Z from CS"' ". leu 3 

Output High-Z from CS ". ". leta 8 

Power Up from CS 
"'" 

0 

Power Down from CS IpD 15 

READ CYCLE TIMING DIAGRAM ., 

READ CYCLE I "2 

ADDRESS 

MB82B74-20 

Min Max 

20 

20 

20 

3 

3 

10 

0 

15 

DOUT 
-------P-R~E~V--I-O~U~S~D~A-T-A-t...-VA-L-ID------~~r-------D-A-TA--V-AL-ID------~ 

READ CYCLE: CS CONTROLLED "3 

tw~-CS 

.' t 
HIGH Z [xXX: DDUT 

~ "'" :t SUPPLY 
CURRENT 

HIGH Z 
DATA VALID 

___ 1-_"," ==j 50% 

Icc ~ 
Undefined:~ Don't Care: Illil 

Note: "I WE is high for Read cycle. 

2-40 

"2 Device is continous!y selected, CS=VL • 

"3 Address valid prior to or coincident with cs transition low. 
"4 Transition is measured at the point of ±5OOmV from steady state voltage. 
"5 This parameter is specified with Load II in Fig. 2. 

Unit 

ns 

ns 

n8 

ns 

ns 

ns 

ns 

ns 



WRITE CYCLE *1 

MB82B74-15 
Parameter Symbol 

Min Ma. 

Write Cycle lime '. !we 15 

Address Valid to End of Write t..w 12 

CS to End of Write lew 12 

Data Setup lime low 4 

Data Hold lime IoH 0 

Write Pulse Width Iwp 11 

W~!!e ~e~'!~ T!~e . : 
Address Setup lime t.. 0 

Output Low-Z Irom WE '3 '. Iwl2 0 

Output High-Z from WE '3 '. IwHZ 6 

WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE I: WE CONTROLLED" '. 

lew 

ADDRESS 

lew 

.... ------ t..w ------...... 1 
-I ... ----Iwp 

D'N 

MB82B74-20 

Min Ma. 

20 

17 

17 

9 

2 

16 

:: 
0 

0 

8 

MB82B74-15 
MB82B74-20 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

"0 

ns 

ns 

ns 

Dour mm~mm~mm~~HIG~H~L-IwL2~ 
Undefined:~ Don't Care: II 

Nota: '1 II CS goes high simultaneously with WE high, the output remains in high impedance state. 
'2 All Write cycle are determined from last address transition to the first address transition of the next address. 
'3 Transition is measured at the point of ±50OmV Irom steady stale Voltage. 
'4 This parameter is specified with Load \I in. Fig2. 
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MB82B74-15 
MB82B74-20 

WRITE CYCLE II: CS CONTROLLED 'f '. 

ADDRESS 

D'N 

Iwe 

lew 

Don't Care: IillI 

Note: '1 If CS goes high simultaneously with WE high, the output remains in high impedance state. 
'2 All Write cycle are determined from last address transition to the first address transition of the next address. 
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PACKAGE DIMENSIONS 
22-LEAD PLASTIC DUAL IN-LINE PACKAGE 

(Case No. : DIP-22P-M04) 

MB82B74-15 
MB82B74-20 

I nn---~~~+ 15" MAX 

.:!1)0!,?132~ 

TYP 

.050(1.27) 

MAX TYP 

© 1988 FUJITSU LIMITED 022008S-4C 

~~.172(4.36) MAX 

=4=1.118(3.00) MIN 

.020(0.51) MIN 

Dimensions in 
inches (millimeters) 
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MB82B74-15 
MB82B74-20 

22·PAD CERAMIC (METAL SEAL) LEADLESS CHIP CARRIER 
(CASE No.: LCC·22C·A01) 

'PIN NO 1 INDEX R.012(0.30ITVP 

/ 
6 

.285::g~g 

.495±. 
(12.57± 

010 
0.251 

.06 5(1.651 
TVP 

(4 PLCSI 

.045(1.141 
TVP 

.083(2.111 
MAX .195(4.95ITVP 

·Share of PIN NO.1 INDEX: Subject to changed without notice. 

© 1988 FUJITSU LIMITED C22002S-2C 
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.050±.006 
(1.27±0.151 

.045(1.141 
TVP 

Oimensions in 
inches (millimeters) 



11111111111111111111111111111111111111111111 

fUJITSU 
11111111111111111111111111111111111111111111 

CMOS 65536-BIT BI-CMOS 
STATIC RANDOM ACCESS MEMORY 

MB82B75-15 
MB82B75-20 

TS270-A893 
March 1989 64K-HIT(16,384 x 4) Hi-CMOS HIGH SPEED STATIC 

RANDOM ACCESS MEMORY WITH AUTOMATIC POWER DrO~WN~ ________ ~~~~C)' 

The Fujitsu MB82B75 is a 16,384-words by 4-bits static 
random access memory fabricated with a CMOS silicon 
gate process. To make power dissipation lower and high 
speed, peripheral circuits consist of Bi-CMOS techno
logy, and to obtain smaller chip size, cells consist 
of NMOS transistors and resistors. 

MB82B75 has 300mil plastic DIP and plastic small out
line J-Iead(SOJ) as package option. The memory utilizes 
asynchronous circuitly and requires +5V power supply. 
All pins are TTL compatible. 

The MB82B75 is ideally suited for use in large compute 
and other applications where fast access time, large 
capacity and ease of use are required. 
All devices offer the advantages of low power dissipa
tion, low cost high performance. 

• 16,384 words x 4 bits organization 
• Fast access time: 

tAA=tACS=15ns max / tOE=10ns max (MB82B75-15) 
tAA=tACS=20ns max. / tOE=12ns max. (MB82B75-20) 

• Bi-CMOS peripheral 
• TTL compatible inputs/outputs 
• Completely static operation: No clock required 
• Three-state output 
• Common data input/output 
• Single=5V(±10%) power supply with low current drain 

Active operation = 120mA max. 
Standby operation = 15 rnA max. (CMOS level) 
Standby operation = 25 rnA max. (TTL level) 

• Standard 24-pin plastic DIP package : Suffix -P-SK 
• Standard 28-pad Leadless Chip Carrier:Suffix -CV 
• Standard 24-pin plastic SOJ package : Suffix -PJ 
• Pin compatible with MB81C75 

ABSOLUTE MAXIMUM RATINGS (See Note) 
Rating Symbol Values Unit 

Supply Voltage VCC -0.5 to +7.0 V 
Input Voltage VIN 3.5 to +7.0 V 
Output Voltage VI/O -0.5 to +7.0 V 
Output Current lOUT ±20 rnA 
Power Dissipation PD 1.0 W 
Temperature Under Bias TBIAS -10 to +85 vc 
Storage I Ceramic TSTG -65 to +150 °c Temperature Rangel Plastic -45 to +125 

PLASTIC PACKAGE 
DIP-24P-M03 

PLASTIC PACKAGE 
LCC-24p·M02 

PIN ASSIGNMENT 

(TOP VIEW) 

A8 c: 1 \.../24 ::::J VCC 
A7 C:2 23::::JA9 
A6 c: 3 22 ::::J A13 
A5 c::4 21;::JA10 
A4 c: 5 20 P All 
A3 c: 6 19 ~ A12 
A2 c: 7 18 ~ NC 
Al c: 8 17PI/04 
AO c: 9 16 P 1/03 
CS c: 10 15 P 1/02 
OE c: 11 14 P 1/01 
GND c: 12 13 PWE 

LCC: See page 9 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended" 
periods may affect device reliability. 

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 
application of any voltage higher than maxi· 
mum rated voltages to this high impedance 
circuit. 
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D 

Fig. 1 - MB82B75 BLOCK DIAGRAM 

AO 

A1 

A2 

A3 

A4 

A5 

AD 

1/01 0---.---1 

1/02 o--,.-t-t-i 

1/030-..... H-H 

1/04 O--r++-I-t-i 

Row 
Select 

Input Data 
Control 

POWER DOWN 
CIRCUIT 

CAPACITANCE(Ta=25°C. f=lMHz) 

Parameter 
I{O C~acitance (VI/O-OV) 
Input Capacitance(V/CS-OV) 
Input Ca~acitance(VIN-OV) 

2-46 

128 x 128 x 4 
Memory Cell Array 

Column 
I/O Circuit 

Column Select 

A6 A7 AS A9 A10 All A12 

Symbol Min Typ 
CI/O 
C/CS 
CIN 

MB82B75-15 
MB82B75-20 

--.0 VCC 

--.0 GND 

Max . Unit 
8 pF 
6 pF 
5 pF 



PIN DISCRIPTION 

Symbol Pin name Symbol 

AO to A13 Address input. WE 

1/01 to 1/04 Data input/output. VCC 

CS Chip Select 1. GND 

NC No Connect 

TRUTH TABLE 

CS WE OE Mode I/O pin 

H X X Not Selected High-Z 

L H H Output Disable High-Z 

L H L Read DOUT 

L L X Write DIN 

Legend: H=High level, L=Low level, X=Don't care 

RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) 

Parameter Symbol Min 

Supply Voltage VCC 4.5 

Ambient Temperature TA 0 

Typ 

5.0 

MB82B75-15 
MB82B75-20 

Pin name 

Write Enable. 

Power Supply(+5V±10%). 

Ground. 

Power Supply Current 

Standby 

Active 

Active 

Active 

Max Unit 

5.5 V 

70 °c 
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DC CHARACTERISTICS 
MB82B75-15 
MB82B75-20 

Recoaoended operatinJt conditions otherwise noted.) 

Parameter Test Conditions Symbol Min Max Unit 

Input Leakage Current VIN=GND to VCC ILl -5 5 JlA 
VCC=max. 

Output Leakage Current VI/O=GND t~VCC ILI/O -5 5 JlA 
CS=VIH or WE=VIL 

Operating Supply Current CS=VIL, I/O=Open ICC 120 mA 
Cyc1e=min. 
VCC=min. to max. 

Standby Supply Current CS=VCC-0.2V, VINSO~2V ISBI 15 mA 
or VI~VCC-0.2V 

Standby Supply Current CS=VIH ISB2 25 mA 
VCC=min. to max. 

Input High Voltage VIH 2.2 6.0 V 

*1 
Input Low Voltage VIL -0.5 0.8 V 

Output High Voltage IOH=-4mA VOH 2.4 V 

Output Low Voltage IOL=8mA VOL 0.4 V 

VCC=GND to 4.5V 
Peak Power-on Current *2 CS=Lower of VCC or IPO 50 mA 

VIH min. 
Note: *1 -2.0V m1n. for pulse width less than 20ns. 

*2 The CS input should be connected to VCC to keep the device deselected. 

Fig. 2 - AC TEST CONDITIONS 

• Input Pulse Levels: 0.6V to 2.4V 
• Input Pulse Rise & Fall Time: 3ns(Transient between 0.8V and 2.2V) 

Input:. VIL=O.8V, VIH=2.2V • Timing Reference Levels: 
• Output: VOL=0.8V, VOH=2.2V 
• Output Load 

5V 

480U 

Dout O-------r-----~ 

2552 

* Including Scope and jig capacitance 

Parameters measured 
exce t tCLZ, tCHZ tWLZ tWHZ tOLZ and tOHZ 
tCLZ tCHZ tWLZ tWHZ tOLZ and tOHZ 
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MB82B75-15 
MB82B75-20 

AC CHARACTERISTICS 
(Recommended.operating conditions unless otherwise noted.) 

READ CYCLE 

Parameter Symbol MB82B75-15 MB82B75-20 Unit Min Max Min Max 
Read Cycle Time tRC 15 20 ns 
Address Access Time tAA 15 20 ns 
ICS Access Time tACS 15 20 ns 
IOE Access Time tOE 10 12 ns 
Output Hold from Address ChaIljte tOH 3 3 ns 
Output Hold from ICS tOHC 2 2 ns 
Outnut Low-Zfrom ICS tCLZ 3 3 ns 
Output Low-Z from IOE tOLZ 2 2 ns 
Output High-Z from ICS tCHZ 8 10 ns 
Output High-Z from IOE tOHZ 8 10 ns 
Power Up from ICS tPU 0 0 ns 
Power Down from ICS tPD 15 15 ns 

READ CYCLE TIMING DIAGRAM *1 

REAO CYCLE 1'2 
1--------tRc--------t 

ADDRESS VALID 

DOUT 

_____ '_. ______ t_A_A:::::~I~j:~---------------~tO~H~r-----
PREVIOUS DATA VALID *' DATA VALID ~ 

READ CYCLE n'3 

1--------tRc--------~ 

ADDRESS VALID 

HIGH-Z HIGH-Z 

SUPPLY - - - - - - - tPU=,.-SO-%-------------------
CURRENT ______________ -1 ICC 

18:81 Undefined 

Note: *1 WE is high for Read cycle. 
*2 Device is continously selected, CS=VIL, OE=VIL. 
*3 Address valid prior to or coincident with CS transition low. 
*4 Transition is measured at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load II in Fig. 2. 
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WRrI'E CYCLE 

Parameter Symbol MB82B75-l5 MB82B75-20 
Min Max Min Max 

Write Cycle Time tWC 15 20 
Address Valid to End of Write tAW 10 15 
ICS to End of Write tCW 10 15 
Data Setup Time tDW 7 10 
Data Hold Time tDH 3 3 
Write Pulse Width tWP 8 10 
Write Recovery Time tWR 2 2 
Address Setup Time tAS 0 0 
Output Low-Z from IWE tWLZ 0 0 
Output High-Z from IWE tWHZ 8 10 

WRITE CYCLE TIHING DIAGRAM 

WRITE CYCLE I: WE CONTROLLED"'2 

~--------------------twc------------------~ 

MB82B75-15 
MB82B75-20 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

ADDRESS ~_,,;;>~ .. _ r---------------------"I,..~-_=_~ .. ~-
.~ ADDRESS VALID~{1l~..tt;<;; 
~~------------------------------~~~~~ 

~-------------·tcw--------------~-twR~ 

1~----------------tAw-----------------; 
htAS----t~---------twp--------_; , 1,..-------

~---.tDw------+_-tD~ 

__ .....;H.;.;I.;;G;..;.H • .;;Z __ +-____ -{~ DATA VALID 'It. HIGH-Z 
1\ /I 

~twLZI. 
HIGH-Z ~~XX'7l:."")()~ 

~ Undefinad o Don'tea .. 

Note: *1 If CS goes high simultaneously with WE high, the output remains in high 
impedance state. 
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*2 All Write cycle are determined from last address transition to the first 
address transition of the next address. 

*3 Transition is measured at the point of ±500mV from steady state voltage. 
*4 This parameter is specified with Load II in Fig. 2. 



WRITE CYCLE n: CS CONTROLLED· 1 • 2 

~-------------------twc--------------------~ 

ADDRESS ~~~~~ ________________ :A~D:D:R~E~S:S~V~A~L~ID~ ______________ j 

~-----------------tAW----------------~ 

MB82B75-15 
MB82B75-20 

tWR 
---tAS·~·-+14.~------------tcw--------------~;-_~_~_~ ____________ _ 

~--------------twp--------------~ 

HIGH-Z 

tOH 
~---------tow--------~~~~ 

DATA VALID 

I8ZI Undefined 

HIGH-Z 

Note: *1 If CS goes high simultaneously with WE high, the output remains in high 
impedance state. 

*2 All Write cycle are determined from last address transition to the first 
address transition of the next address. 
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PACKAGE DIMENSIONS 

INDEX·l 

24-LEADS PLASTIC DUAL-IN LINE PACKAGE 
(CASE No. :DIP-24P-M03) 

I 
.260'.010 
(6.60.0.25) 

~~~~~~~~~ . 

. 1 
.010'.002 

(0.25±0.05) 

~ ,1 m
"",." lr I I lr lr 1 .11S(3.Q)MIN 

.100(2.54) I I .:.J ~ --11 .01S'.003 .020(0.51lMIN 
TYP (1.27~g·50) (0.46.0.0S) 

MB82B75-15 
MB82B75-20 

.300±.010 
(7.62±0.25) 

© FUJITSU LIMITED 1987 D24017S-2C 

Dimensions in 
inches (millimeters) 

24-LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No.: LCC·24p·M02) 

,.- F 

iFf] 
(8.64 • 

005 
0.13) 

.050'.005 
(1.27'0.13) 

.550(13.97)REF 

•. 615'.005(15.62.0.13) 

. 273'.020 
(6.93.0.61 ) 

I~~ 
I r- .025(0.64) 

.091(2.31) 
MIN 

NOM .144(3.66) 
MAX 

Details of "A" pa,tG032(0.Sl )MAX 

.102(2.60) 
NOM 

r:::::'"-r-::::=::-1 
L.:::...L..;;';';;:;';"":...I • I I .017<.004 

--1 • (0.43'0.10) Dimensions in 
* : This dimensiQn includes resin protrusion. (Each side: .006(O.15)MAX.) inches (millimeters) . 
• 1l1li9 FUJITSU LIMITED C24Il62S·1C 
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PACKAGE DIMENSIONS 

CERAMIC PACKAGE 
LCC-28C-A03 

He 
.... NC Vee NC 

~l!~'~~~J '\ 
A,7 ~] I.wJ r~ Ne 

A, ~~ ~!5 ~ 
A5 ~ ~2~ A'3 

"4 !J ~~3 A,O 
,A,3!~ TOP VIEW ~2.? All 

"2 ~~ ~~' AI'2 

~, ~?~ t~ :~~~ 
B ~J t~~ LIO; 

113.,.1'51'6117' 

i5lG~~C~/O, 

28-PAD CERAMIC (METAL SEAL) LEADLESS CHIP CARRIER 
(CASE No.: LCC-28C-A03) 

·PIN NO.1 INDEX 

/ 

.350'.010 
18.89.0.251 

n 
.550±.010 

113.97'0.25) 

·Shape of PIN NO.1 INDEX: Subject to change without notice. 

C) FUJITSU LIMITED 1987 C28009S-1C 

MB82B74-15 
MB82B74-20 

Dimensions in inches 
and (millimeters) 
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TS24B-E89Y 
Nov. 1989 

M882879-15-20 

cO 

DATA SHEET 
FUJITSU 

72K BIT HIGH SPEED BI-CMOS SRAM 
8, 192-WORD x 9-BIT Bi-CMOS HIGH SPEED 

STATIC RANDOM ACCESS MEMORY J~~\\ •• &.~1 
lhe rUJltSU Mt:S82t:S/':J IS a H,l ~t! words by Ij OilS Static ranaom access memory iauricaLtfO wiuJ a -

CMOS silicon gate process. To make power dissipation lower and high speed. peripheral 
circuits consist of Bi-CMOS technology. and to obtain amaller chip size, cells consist of NMOS 
transistors and resistors. 

M882B79 has 300mil plastic DIP and plastic flat (SOIC) as package option. The memory utilizes 
asynchronous circuitly and requires +5V power supply. All pins are TIL compatible. 

The M882B79 is ideally suited for use in large computer and other applications where fast 
access time. large-capacity and ease of use are required. 
All devices offer the advantages of low power dissipation, low cost high perforrnance. 

• Organization: 8,192 words x 9 bits 
• Static operation: No clocks or refresh required 
• Fast access time: 

tAA=tACS1=15ns max./ tACS2=IOE=8ns max. (M882B79-15) 
tAA=tACS1=20ns max./ tACS2=IOE=IOns max.(M882B79-20) 

• Single=5V(+ 10%) power supply with low current drain: 

Active operation=120mA max. 
Standby operation=15mA max.(CMOS level) 
Standby operation=2SmA max. {TIL level) 

• Bi-CMOS peripheral 
• TIL compatible inputs/outputs 
• Three-state output 
• 300 mil width 28--pin plastic Skinny DIP package (Suffix: -P-SK) 
• 450 mil width 28--pin plastic SOP package (Suffix: -PF) 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 

Rating Symbol Value 

Supply Voltage Vee --C.Sto +7.0 

Input Voltage on any pin with to GND VIN --C.S to +7.0 

Output Voltage on any pin with to GND VIJO --C.S to +7.0 

Power Dissipation Po 1.0 

Output Current lOUT ±20 

Temperature under Bias TalAs -IOto +85 

Storage Temperature TSTG -40 to +125 

Unit 

V 

V 

V 

W 

mA 

·C 

·C 

NOTE: Permanent device damage may occur if the above Absolute Maximum 
RaUn\ls are exceeded. Functional operation should be restricted to the 
condibons as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

Copyrigh,© 1989 FUJITSU LIMITED 

A4 

AS 

A6 

A7 

A8 

A9 

AIO 

All 

AI2 

1/01 

1102 
1103 
1104 
GND 

PLASTIC PACKAGE 
FPT -28P-M02 

PLASTIC PACKAGE 
DIP-28P-M04 

PIN ASSIGNMENT 

(TOP VIEW) 

VCC 

WE 
CS2 

A2 

AI 

AO 

DE 
A3 

CSI 

1109 
1108 
1107 
1106 
1105 

!~~~u:o:ih~~~% ~~: :r8 !'::t~ ,:~:~ 
However. ~ is advised that norma! precautions be taken to 
avoid application of any vohaga highat than maxil'T'l.1m rated 
voltages 10 this high ln1)Qdanca circuil. 

2-55 



Ell 

AO 0-

Al 0-

A2 0-

A3 0-

A4 0-

AS 0-

A6 0-

A7 0-

A8 0-

A9 0-

AlO 0-

All 0-

A12 0-

0-

Fig. 1 - MB82B79 BLOCK DIAGRAM 

- I--

Address Row 256 x 32 x 9 
Buffer Decoder Memory Cell Array 

- r--
L-- CS* I 

I/O Gate 

& 
Address 
Buffer Column Decoder 

T 
CS* 

l 

MB82B79-15 
MB82B79-.20 

+--OVCC 

+--OGNDQ 

+---<>GND 

Buffer I/O Buffer ~ CS 

CSI 
CS2 

0-

'Lcs 
1 
~ 

cs 
1/01 1/03 1/05 1/07 1/09 

1/02 1/04 1/06 1/08 

CAPACITANCE ("Ta=25°C, f=1MHz) 

Parameter Symbol Min Typ 
I/O Capacitance (VI/O-OV) CliO 
Input Capacitance(VIN-OV) (lCSl, CS2 IWE, 10E) CIl 
Input Capacitance(VIN=OV) (Other inputs) CI2 
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Max Unit 
8 pF 
7 pF 
6 pF 



PIN DISCRIPTION 

Symbol Pin name Symbol 

AO to A12 Address input. WE 

1/01 to Ij09 Data input/output. VCC 

CS1 Chip Select 1- GND 

CS2 Chip Select 2. GNDQ 

Output Enable. NC 

TRUTH TABLE 

WE CSl CS2 OE Mode I/O pin 

X H X X Standby High-Z 

X L L X Not selected High-Z 

H L H H "Dout disable High-Z 

H L H L Read Data out 

L L H X Write Data in 

Legend: H=High level, L=Low level, X=Don't care 

RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) 

Parameter Symbol Min Typ 

Supply Voltage VCC 4.5 5.0 

Ambient Temperature TA 0 

MB82B79-15 
MB82B79-20 

Pin name 

Write Enable. 

Power Supply(+5V+10%) 

Ground. 

Ground for out~ut. 

No Connection. 

Power Supply Current 

Standby 

Active 

Active 

Active 

Active 

Max Unit 

5.5 V 

70 DC 

2-57 



DC CHARACTERISTICS 
(R d d ecommen e operat1.Ilg COD 10ns 0 e dit· th rwi se no e . t d ) 

Parameter Test Conditions 

Input Leakage Current VIN=GND to VCC 
VCC=max. 
VI/O-GND to VCC 

Output Leakage Current CSl=VIH or CS2=VIL or 
WE=VIL or OE=VIH 

Operating Supply Current CSl=VIL, I/O=Open 
Cycle=min. 
VCC-min. to max. 

Standby Supply Current eSl=Vee-0.2V, VINSO.2V 
or VI~VCe-0.2V 

Standby Supply Current CSl=VIH 

Input High Voltage 

Input Low Voltage 

Output High Voltage IOH=-4mA 

Output Low Voltage IOL=8mA 

vee=GND to 4.5V 
Peak Power-on Current *2 eSl=Lower of VCC or 

VIH min. 
Note: *1 -2.0V m1n. for pulse w1dth less than 20ns. 

Symbol Min 

ILl -10 

ILIIO -10 

ICC 

ISBI 

ISB2 

VIH 2.2 

* 
VIL -0.5 

VOH 2.4 

VOL 

IPO 

MB82B79-15 
MB82B79-20 

Max Unit 

10 l1A 

10 l1A 

120 mA 

15 mA 

25 mA 

6.0 V 

0.8 V 

V 

0.4 V 

50 mA 

*2 The CSI input should be connected to vce to keep the device deselected. 

Fig. 2 - AC TEST CONDITIONS 

• Input Pulse Levels: 0.6V to 2.4V 
• Input Pulse Rise & Fall Time: 3ns(Transient between 0.8V and 2.2V) 
• Timing Reference Levels: Input: VIL=0.8V, VIH=2.2V 

· Output: VOL=0.8V, VOH=2.2V 
• Output Load 

5V ..... 
~ 480Q 

Dout " 

CL*~ ~ 255Q 

I ~ 

rtT, 
* Including Scope and jig capacitance 

1 CL 1 Parameters measured 1 
1 Load I 1 30pF .. 1 except tLZ, tHZ, tOW, tOLZ and tOHZ 1 
I Load II I 5pF I tLZ, tHZ, tOW, tOLZ and tOHZ 1 
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AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 
READ CYCLE ~'1 

MB82B79-15 
MB82B79-20 

Parameter Symbol MB82B79 15 MB82B79 20 
Unit Min Max Min 

Read Cycle Time tRC 15 20 
Address Access Time *2 tAA 15 
jCS1 Access Time *3 tACS1 15 
CS2 Access Time tACS2 8 
JOE Access Time tOE 8 
Output Hold from Address Change tOH 3 3 
Output Low-Z from ICS1 "/,,+,"5 tLZ1 3 3 
Output Low-Z from CS2 ')~4-!'5 tLZ2 2 2 
Output Low Z trom lUI!. 1:4-':'':> t:016 ~ " Output High-Z from ICS1 '1'4""5 tHZ1 8 
Output High-Z from CS2 ""4,':5 tHZ2 8 
Output High-Z from IOE ,"4""5 tOHZ 8 

READ CYCLE TIMING DIAGRAM '~1 

READ CYCLE I: ADDRESS CONTROLLED >"3 (CSl=OE="L") 

ADDRESS 

DOUT 

READ CYCLE II: CSl, CS2 CONTROLLED *4 

ADDRESS 

C$2 

DOUT 

Note: *1 IWE is high for Read cycle. 

-{'4-{:5 
tOHZ 

Data Valid 

o :Don't care 

*2 Device is continuously selected, CS=OE=VIL. 

Max 
ns 

20 ns 
20 ns 
10 ns 
10 ns 

ns 
ns 
ns 
ns 

10 ns 
10 ns 
10 ns 

tQJ : Undefined 

*3 Address valid prior to or coincident with CS transition low. 
*4 Transition is measured at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load II in Fig. 2. 
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WRITE CYCLE *1 

Parameter Symbol MB82B79-15 MB82B79-20 
Min Max Min Max 

Write Cycle Time tWC 15 20 
Address Valid to End of Write tAW 10 15 

J_CSI to End of Write tCWl 10 15 
CS2 to End of Write tCW2 6 8 
Data Setup Time tDW 7 10 
Data Hold Time tDH 3 3 
Write Pulse Width tWP 8 10 

Write Recovery Time *2 /CS1,/WE tWRl 3 3 
csa tWR2 5 5 

Address Setup Time ICS1,/WE tASI 0 0 
CS2 tAS2 2 2 

Output Low Z from /WE *31'4 tOW 0 0 
Output High-Z from /WE *3*4 tWZ 8 10 

WRITE CYCLE TIMING DIAGRAM *1 

WRITE CYCLE I: WE CONTROLLED 

If--------- tWC --------~ 

MB82B79-15 
MB82B79-20 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Address ~~~-';.#~]I,.;;,::o:..'''-;-",-''''J 
~--------------------------------~~~~~--

CSl 

CS2 

I/O 

I 

*2 
tAW -----------~I~tWRl~ 

rlE------ tCW2 ---~I 

-~-':"'''~~~'''''~~4 ~~~~-~~·"t.J1 

~ tAS1~ 
_______________ +-"IE--- tWP 

\ 
*3*4 ~ tDH~ *3*4 

IE- tWZ -; E-tDW tOW-,l 

__________ ---IYJ~)----(X Data Valid (X}--== 
[J:Don't care @:Undefined 

Note: *1 If CSl, OE and eS2 are in the READ Mode during this period, I/O pins 
are in the out put state so that the input signals of opposite phase to 
the outputs must not be applied_ 
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*2 tWR is defined from the end point of WRITE Mode. 
*3 Transition is measured at the point of ±500mV from steady state voltage. 
*4 This parameter is specified with Load II in Fig. 2. 



MB82B79-15 
MB82B79-20 

WRITE CYCLE II: CSl CONTROLLED 

CS2 

I/O 

IE-------- tWC --------41 

*2 
tAW -------')jE-tWRl--3 

t~ IE- i.1E---__ _ 
\ \ ':to tCWl 

I 

I r~--- tCW2 ---~I 

-:-________ --,~-- tWP 
J 

*3*4 
IE- tWZ-} 

...:.:.:. . .:.---- ....... : ... : 

tE- tDH~ "3*4 
tE-tDW tOW--3 

-- . . ; 

___________ --'X-"-'!'0r-<X Data Valid rxr- r::tll:.. 
D :Don't care I/Q!l :Undefined 

WRITE CYCLE III: WE CONTROLLED 

tWC 

'1 
Address ~ 

-~-~':':'~~i;:. 

*2 
tAW !E-tWR2=> 

L tCWl 
< ••• ,~ --. i' .. i -- ----.-

tAJ 

I 

~ 
tCW2 

CS2 / 

tWP , 
• - . 

.,";31:4 ... tDH-l *3'~4 

~ tWZ-> tE-tDW tOW--3 

I/O 'jJ., ~ Data Valid rxr-~ 
*Notes: See Write Cycle I D :Don't care I/Q!l : Undefined 
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PACKAGE DIMENSIONS 
PLASTIC DIP (Suffix: P·SK) 

28·LEAD PLASTIC DUAL·IN·LINE PACKAGE 
(CASE No.: DIP·28P·M04) 

,~:,:~: :~':~M:K: : : :0: : ]J~ 
I 1.392~:g~~(3S.36~g:~) I 

,.OSo(1.27)MAX 

.100(2.54) I 
TVP 

@19S6 FUJITSU LIMITED D2S01SS·2C 
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.01S'.003 
(0.46.0.0S) 

MB82B79-1S 
MB82B79-20 

x======l::;::,!lsoMAX 

.010'.002 
(0.25'0.05) 

.300(7.62)TVP 

Oimensions in 
inches (millimeters) 



PACKAGE DIMENSIONS 
PLASTIC FPT (Suffix: ·PFJ 

28·LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT·28P·M02J 

f. 
.339 •. 008 

J(8.6'0·~;65'.012 (11.8>0.3) 

~~~~~~nr~ 

INDEX 

d 

C) 1987 FUJITSU LIMITED F28011S·2C 

.006,.002 
(0.15:0.05) 

.110(2.S)MAX 

MB82B79-1S 
MB82R79-20 

f@f" 
JJ .024(0.6) 

.008(0.18) 
MAX 

.027(0.68) 
. MAX 

Dimensions in 
inches (millimeters) 
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TS281-A89Z 
December 1989 

M882881-151-20 
DATA SHEET 

OJ 
FUJITSU 

256K BIT HIGH SPEED BI-CMOS SRAM 
262,144-WORD X 1-BIT Bi-CMOS HIGH SPEED 

STATIC RANDOM ACCESS MEMORY 

The Fujitsu MB82B81 is a 65,536 words by 1 bits statiC random access memory tacncaleO Wltn a 
CMOS silicon gate process. To make power dissipation lower and high speed, peripheral 
circuits consist of Bi-CMOS technology, and to obtain amaller Ch~ size, cells consist of NMOS 
transistors and resistors. 

M882881 has 300mil plastic DIP and 300mil plastic small ouHine J-/ead (SOJ) package as 
package option. The memory utilizes asynchronous circuitry and requires +5V power supply. All 
pins are TIL compatible. 

The MB82B81 is ideally suited for use in large computer and other applications where fast 
access time, large-capacity and ease of use are required. 
All devices offer the advantages of low power dissipation, low cost high performance. 

• Organization: 262,144 words x 1 bit 
• Static operation: No clocks or refresh required 

• Fast access time: 
tAA=tACS=15ns max.(MB82B81-15) 
tAA=tACS=20ns max.(MB82B81-20) 

• Single=5V(+10%) power supply with low current drain: 
Active operation=120mA max. 
Standby operation=15mA max.(CMOS level) 
Standby operation=30mA max.(TIL level) 

• Bi-CMOS peripheral 
• TIL compatible inputs/outputs 
• Three-state output 
• 300 mil width 24-pin plastic Skinny DIP package (Suffix: -P-SK) 
• 300 mil width 24-pin plastic SOJ package (Suffix: -PJ) 
• Pin compatible with MB81C81A 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 

Rating Symbol Value 

Supply Voltage Vee -0.5 to +7.0 

Input Voltage on any pin with to GND V,N -0.5 to +7.0 

Output Voltage on any pin with to GND Vvo -0.5 to +7.0 

Power Dissipation Po 1.0 

Output Current lOUT ±20 

Temperature under Bias TSIAS -10to +85 

Storage Temperature TSTG -40 to +125 

Unit 

V 

V 

V 

W 

mA 

fc 

'c 

NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

Copyrighl© 1989 FUJITSU LIMITED 

PLASTIC PACKAGE 
DIP-24P-M03 

PLASTIC PACKAGE 
LCC-24P-M02 

PIN ASSIGNMENT 

(TOP VIEW) 

AI6 Vee 

A17 AO 
AI3 

AI2 

All 

AI4 

A15 

AIO 
A9 
DOUT 

WE 
GND 

AI 
A2 

A3 

A4 

A7 

A6 

AS 

A8 

DIN 

Cs 

This device contains circuitry to prated the inputs against 
damage due 10 high Itatic voltages or electric fields. 
Howaver, iI Is advised that normal precautions be taken to 
avoid application of any vollage higher than maximJm rated 
voltages to this high i1Jl)edance circuit 
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Fig. 1 - MB82B81 BLOCK DIAGRAM 

AO 

Al 

A2 

A3 

A4 

AS 

A6 

A7 

1/010-----; 

1/020-------1 

1/030------1 

1/04.0-----; 

Power Down 
Circuit 

Row 
Select 

I/O 
Buffer 

CAPACITANCE {Ta=25 °C, f=1MHz) 
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266 x 256 x 4 
Memory Cell Array 

Column 

& 

I/O Circuits 

Column Select 

MB82B81-15 
MB82B81-20 

~VCC 

~GND 



PIN DISCRIPTION 

Symbol Pin name Symbol 

AO to A17 Address input. WE 

DIN Data input. VCC 

DOUT Data output. GND 

TRUTH TABLE 

es WE Mode Output 

H X Not Selected High-Z 

L L Write High-Z 

L H Read DOUT 

Legend: H=High level, L=Low level, X=Don't care 

RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) 

Parameter Symbol Min 

Supply Voltage vec 4.5 

Ambient Temperature TA 0 

Pin name 

Write Enable. 

MB82B81-15 
MB82B81-20 

Power Supply(+5V±10%). 

Ground. 

Power Supply Current 

Standby 

Active 

Active 

Typ Max Unit 

5.0 5.5 V 

70 °c 
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DC CHARACTERISTICS 
(Recommended operating conditions otherwise noted.) 

Parameter Test Conditions 

Input Leakage Current VIN=GND to VCC 
VCC=max. 

Output Leakage Current VOUT=GND to VCC 
CS=VIH or WE=VIL 

Operating Supply Current CS=VIL, DOUT=Open 
Cycle=min. 
VCC-min. to max. 

Standby Supply Current CS=VCC-0.2V, VINSO.2V 
or VI~VCC-0.2V 

Standby Supply Current CS=VIH 
VCC=min. to max. 

Input High Voltage 

Input Low Voltage 

Output High Voltage IOH=-4rnA 

Output Low Voltage IOL=8rnA 

VCC=GND to 4.5V 
Peak Power-on Current *2 CS=Lower of VCC or 

VIH min. 
Note: *1 -2.0V min. for pulse w1dth less than 20ns. 

Symbol Min 

ILl -5 

ILI/O -5 

ICC 

ISBI 

ISB2 

VIH 2.2 

*1 
VIL -0.5 

VOH 2.4 

VOL 

IPO 

MB82B81-15 
MB82B81-20 

Max Unit 

5 llA 

5 llA 

120 rnA 

15 rnA 

30 rnA 

6.0 V 

0.8 V 

V 

0.4 V 

50 rnA 

*2 The CS input should be connected to VCC to keep the device deselected. 

Fig. 2 - AC TEST CONDITIONS 

• Input Pulse Levels: 0.6V to 2.4V 
• Input Pulse Rise & Fall Time: Ins (Transient between 0.8V and 2.2V) 
• Timing Reference Levels: Input: VIL=0.8V, VIH=2.2V 

Output: VOL=0.8V, VOH=2.2V 
• Output Load 

5V 

480n 

Dout o-------~----~ 

25512 

* Including Scope and jig capacitance 
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MB82B81-15 
MB82B81-20 

AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

READ CYCLE 

Parameter Symbol 
MB82B8l-l5 MB82B8l-20 Unit Min Max Min Max 

Read Cycle Time tRC 15 20 ns 
Address Access Time tAA 15 20 ns 
/CS Access Time tACS 15 20 ns 
Output Hold from Address Change tOH 3 3 ns 
Output Low-Z from /CS tLZ 3 3 ns 
Ont-nllT 1-H o-h-7. .frnm Irs, -t-H7 R 1n nc 

I Power Up from /CS I tPU I 0 I 0 ns 
I Power Down from /CS I tPD I 15 15 ns 

READ CYCLE TIMING DIAGRAM *1 

READ CYCLE ·3 

""'$ ~'"'I"-==========_IR_C'_22-_-_-_-_-_-_-_-8---1 .. 4~:;;rt •...•. i ..••••••••••.••.••..•••............ 

DOUT PREVIOUS DATA VALID DATA VALID 

READ CYCLE: CS CONTROLLED·4 

ADDRESS 

HIGH-Z HIGH-Z 
DOUT 

SUPPLY Icc _____ F'::'?--_---------~:===::-IP-D--------~1.--I-50-'%--
~M~T ~~ ~ ~ 

Note: *1 
'~2 

*3 
'~4 

~ Undefined 1;·.1 Don'l Care 

WE is high for Read cycle. 
All Read cycle timings are referenced from the last valid address 
to the first transitioning address. 
Device is continously selected, CS=VIL. 
Address valid prior to or coincident with CS transition low. 

*5 Transition is measured at the point of ±500mV from steady state voltage. 
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WRITE CYCLE 

Parameter Symbol 

Write Cycle Time tWC 
Address Valid to End of Write tAW 
ICS to End of Write tCW 
Data Setup Time tDW 
Data Hold Time tDH 
Write Pulse Width tWP 
Write Recovery Time tWR 
Address Setup Time tAS 
Output Low-Z from IWE tOW 
Output High-Z from IWE tWZ 

WRITE CYCLE TIMING DIAGRAM *1 

WRITE CYCLE I: WE CONTROLLED 

ADDRESS 

DIN 

Dour 

MB82B81-15 
MB82B81-20 

MB82B81-15 MB82B81-20 Unit Min Max Min Max 
15 20 ns 
12 17 ns 
12 17 ns 
4 9 ns 
0 2 ns 
11 16 ns 
1 3 ns 
0 0 ns 
0 0 ns 

6 8 ns 

~ Undefined Iw&1I Don't Care 

Note: *1 CS Or WE must be high during address transitions, 

2;...70 

*2 If CS goes high simultaneously with WE high, the output remains in high 
impedance state, 

*3 All Read cycle timings are referenced from the last valid address to 
first transitioning address, 

*4 Transition measured at ±500mV from steady state voltage with specified 
load in Fig. 2. 



WRITE CYCLE TIMING DIAGRAM (Continued) ·1·2·4 

WRITE CYCLE 11: CS CONTROLLED "1"2 

ADDRESS 
..... --------IAW--------~ 

lAS ...... ----- leW -----~ 

CS 

~-----~p-----~ 

MB82B81-15 
MB82B81-20 

. I~-" 1DW~ mH? 
?()X<)X<)X()X<)X<~~------DA-~-V-AL-,D----~ DIN 

~ Undefined Im@1 Don'tCare 

Note: "I ~ or "WI: must be high during address transitions. 
"2 If CS goes high simultaneously with WE high, the output remains in high impedance slate. 
"3 All Write cycle timings are referenced from the last valid address to the first transitioning address. 
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PACKAGE DIMENSIONS 
(Suffix:-P-SK 

MB82B81-15 
MB82B81-20 

24-LEADS PLASTIC DUAL-IN LINE PACKAGE 
(CASE No.:DIP-24P-H03) 

.050(1.271 
MAX 

.100(2.54111 
TYP 

.018t.003 
(0.46tO.081 

C)1~88 FUJITSU LIMITED D24017S·3C 

.0SOt.00S 

24-LEADS PLASTIC SOJ PACKAGE 
CASE No.: LCC-24P-H02) 

,.-

I 11.27:0.131 .091{2.31I 
.5S0(13.97IREF 

•• 615'.005(15.62±0.13) 

~nnnlffiimnnn nn 

• : This dimension Includes resin protrusion. (Each side: .006(0.15)MAX.) 
01_ FUJITSU UMITED C24052S·1C 
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NOM 

~=======1~1soMAX 

.010t.002 
(0.2StO.osl 

.300(7.62) 
TYP 

Dimensions In 
inches (millimeters) 

0::::; 111 "1 ~~. 

-

(8.64: 
.273'.020 

(6.93tO.51 ) 

i)J. 
.02S(0.64) 

MIN 

.144(3.661 
MAX 

005 
0.131 

'Oimensions in 
inches (,millimeters) 



NOTE: 

11111111111111111111111111111111111111111111 

fUJITSU 
11111111111111111111111111111111111111111111 

CMOS 262144-BIT BI-CMOS 
STATIC RANDOM ACCESS MEMORY 

MB82B84-15 
MB82B84-20 

256K-BIT(65,536 X 4) Bi-CMOS HIGH SPEED STATIC 
TS268-B893 
March 1989 

RANDOM ACCESS MEMORY WITH AUTOMATIC POWER DrO~WN~ ________ ~ 

p::O '\J p,~r1GI: The Fujitsu MB82B84 is a 65,536-words by 4-bits static 
random access memory fabricated with a CMOS silicon 
gate process. To make power dissipation low~r and high 
speed, peripheral circuits consist of Bi-CMOS techno
logy, and to obtain smaller chip size, cells consist 

MB82B84 has 300mil plastic DIP and plastic small out
line J-Iead(SOJ) as package option. The memory utilizes 
asynchronous circuitly and requires +5V power supply. 
All pins are TTL compatible. 

The MB82B84 is ideally suited for use in large compute 
and other applications where fast access time, large 
capacity and ease of use are required. 
All devices offer the advantages of low power dissipa
tion, low cost high performance. 

• 65,536 words x 4 bits organization 
• Fast access time: 

tAA=tACS=15ns max (MB82B84-15) 
tAA=tACS=20ns max.(MB82B84-20) 

• Bi-CMOS peripheral 
• TTL compatible inputs/outputs 
• Completely static operation: No 
• Three-state output 
• Common data input/output 

clock required 

• Single=5V(±10%) power supply with low current drain 
Active operation = 120mA max. 
Standby operation = 15 mA max. (CMOS level) 
Standby operation = 25 mA max. (TTL level) 

• Standard 24-pin plastic DIP package : Suffix -P-SK 
• Standard 24-pin plastic SOJ package : Suffix -PJ 
• Pin compatible with MB81C84A 

ABSOLUTE MAXIMUM RATINGS (See Note) 
Rating Symbol Values Unit 

Supply Voltage VCC -0.5 to +7.0 V 
Input Voltage VIN 3.5 to +7.0 V 
Output Voltage VI/O -0.5 to +7.0 V 
Output Current lOUT ±20 mA 
Power Dissipation PD 1.0 W 
Temperature Under Bias TBIAS -10 to +85 uc 
Storage Temperature Range TSTG -40 to +125 ~C 

PLASTIC PACKAGE 
DIP-24P-H03 

PLASTIC PACKAGE 
LCC-24P-M02 

PIN ASSIGNMENT 

(TOP VIEW) 

A15 C I '-'24 :JVCC 
AO C 2 23 :JA14 
Al C 3 22 :JA13 
A2 C 4 21 :JA12 
A3 C 5 20 :JA11 
A4 C 6 19 :JAI0 
A7 C 7 18 :JA9 
A6 C 8 17 :J 1/04 
AS C 9 16 :J 1/03 
A8 C 10 15 :J 1/02 
CS C 11 14 :J 1/01 
GND C 12 13 :JWE 

(DIP & SOJ Package) 

This device contains circuitry to protect the 
Permanent device damage may occur if ABSOLUTE MAXIMUM inputs against damage due to high static volt· 

RATINGS are exceeded. Functional operation should be restricted to ages or electric fields. However, it is advised 

the conditions as detailed in the operational sections of this data 
that normal precautions be taken to avoid 
application of any voltage higher than maxi. 

sheet. Exposure to absolute maximum rating conditions for extended mum rated voltages to this high impedance 

periods may affect device reliability. circuit. 
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Fig. 1. - MB82B84 BLOCK DIAGRAM 

AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

1/010-------1 

1/02,0-------1 

1/03,0-------1 

1/04.0-------1 

Power Down 
Circuit 

Row 
Select 

110 
Buffer 

CAPACITANCE (Ta=25°C. f=l.MHz) 

Parameter 
I/O Capacitance (VI/O=OV) 
Input Capacitance(V/CS=OV) 
Input Capacitance(VIN-OV) 

2-74 

256 x 256 x 4 
Memory Cell Array 

Column 

& 

I/O Circuits 

Column Select 

Symbol Min 
CI/O 
C/CS 
CIN 

Typ 

MB82B84-1.5 
MB82B84-20 

~VCC 

~GND 

Max Unit 
8 pF 
6 pF 
5 pF 



PIN DISCRIPTION 

Symbol Pin name Symbol 

AO to A15 Address input. WE 

1/01 to 1/04 Data input/output. VCC 

CS Chip Select 1. GND 

TRUTH TABLE 

CS WE Mode I/O pin 

H X Standby High-Z 

L L Write DIN 

L H Read DOUT 

Legend: H=High level, L=Low level, X=Don't care 

RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) 

Parameter Symbol Min 

Supply Voltage VCC 4.5 

Ambient Temperature TA 0 

Typ 

5.0 

Pin name 

Write Enable. 

MB82B84-15 
MB82B84-20 

Power Supply(+5V±10%). 

Ground. 

Power Supply Current 

Standby 

Active 

Active 

Max Unit 

5.5 V 

70 °c 
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DC CHARACTERISTICS 
(R d d ecommen e h di· operat1llg con t~ons ot erw~se note d ) . 

Parameter Test Conditions 

Input Leakage Current VIN=GND to VCC 
VCC=max. 

Output Leakage Current VI/O=GND t~VCC 
CS=VIH or WE=VIL 

Operating Supply Current CS=VIL, I/O=Open 
Cycle=min. 
VCC-min. to max. 

Standby Supply Current CS=VCC-0.2V, VINSO.2V 
or VI~VCC-0.2V 

Standby Supply Current CS=VIH 
VCC=min. to max. 

Input High Voltage 

. Input Low Voltage 

Output High Voltage IOH=-4mA 

Output Low Voltage IOL=8mA 

VCC-GND to 4.5V 
Peak Power-on Current *2 CS=Lower of VCC or 

VIH min. 
Note: *1 -2.0V min. for pulse w~dth less than 20ns. 

Symbol Min 

ILl -5 

ILI/O -5 

ICC 

ISBI 

ISB2 

VIH 2.2 

*1 
VIL -0.5 

VOH 2.4 

VOL 

IPO 

MB82B84-15 
MB82B84-20 

Max Unit 

5 pA 

5 pA 

120 mA 

15 mA 

25 mA 

6.0 V 

0.8 V 

V 

0.4 V 

50 mA 

*2 The CS input should be connected to VCC to keep the device deselected. 

Fig. 2 - AC TEST CONDITIONS 

• Input Pulse Levels: 0.6V to 2.4V 
• Input Pulse Rise & Fall Time: 3ns(Transient between 0.8V and 2.2V) 
• Timing Reference Levels: Input: VIL=0.8V, VIH=2.2V 

Output: VOL=0.8V, VOH=2.2V 
• Output Load 

5V 

48012 

Dout o-------.-----~ 

25512 

* Including Scope and jig capacitance 
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MB82B84-15 
MB82B84-20 

AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

READ CYCLE 

Parameter Symbol MB82B84-15 MB82B84-20 Unit Min Max Min Max 
Read Cycle Time tRC 15 20 ns 
Address Access Time tAA 15 20 ns 
ICS Access Time tACS 15 20 ns 
Output Hold from Address Change tOH 3 3 ns 
Output Low-Z from ICS tLZ 3 3 ns 
Gu~Eu.t: }I~g~-Z f:=:;=:: /CS t!!Z II 10 ns 

I Power Up from ICS tPU 0 I 0 I ns 
I Power Down from ICS tPD I 15 15 I ns 

READ CYCLE TIMING DIAGRAM *1 

READ CYCLE I .3 

ADDRESS 

DOUT 

HIGH·Z HIGH·Z 
DOUT DATA VALID 

SUPPLY Icc---~--:- ----------------I tPu~ r---:-tPo~ __ _ 

CURRENT ~ Icc 50% 

Undefined: ~ Don't Car.: D 

Note: *1 WE is high for Read cycle. 
*2 All Read cycle timings are referenced from the last valid address 

to the first transitioning address. 
*3 Device is continous1y selected, CS=VIL. 
*4 Address valid prior to or coincident with CS transition low. 
*5 Transition is measured at the point of ±500mV from steady state voltage. 
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MB82B84-15 
MB82B84-20 

WRITE CYCLE 

Parameter Symbol MB82B84-l5 MB82B84-20 Unit Min Max Min Max 
Write Cycle Time tWC 15 20 ns 
Address Valid to End of Write tAW 10 15 ns 
/es to End of Write teW 10 15 ns 
Data Setup Time tDW 7 10 ns 
Data Hold Time tDH 3 3 ns 
Write Pulse Width tWP 8 10 ns 
Write Recovery Time tWR 2 2 ns 
Address Setup Time tAS 0 0 ns 
Output Low-Z from /WE tOW 0 0 ns 
Output High Z from /WE tWZ 8 10 ns 

WRITE CYCLE TIMING DIAGRAM *1 

WRITE CYCLE I: WE CONTROLLED 

~------------------twC·3-------------------., 

ADDRESS ~~~ ______________________________________ ~}-:~.s~~·~1~:~~ __ ~' 

I--------tcw--------<-I ~ 

r-------~-------tAw--------------~ 
f--tAS,---I t-----twp------lj,--__________ _ 

\\\ 
r--tOW-i--tOH-

.11111111111Y YYll~11 DATA VALID XXXXXX 

DOUT ~ :=: 
Undefined: ~ Don't Care: 0 

Note: *1 CS or WE must be high during address transitions. 
*2 If CS goes high simultaneously with WE high, the output remains in high 

impedance state. 
*3 

*4 

*5 
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All Read cycle timings are referenced from the last valid address to 
first transitioning address. 
Transition measured at ±500mV from steady state voltage with specified 
load in Fig. 2. 
If es is in the Read Mode during this period, I/O pins are in the 
output state so that the input signals of opposite phase to the outputs 
must not be applied. 



WRITE CYCLE II: CS CONTROLLED*'*2 

~----------------twC·3----------------~ 

~-------------tAW--------------~ tWR 

MB82B84-1S 
MB82B84-20 

~tAS1J-·~----tcw----~,,,,-,,,--____ _ 

~------tow--------i ~ 

)(.xxxxxxxxxxxxxxX) DATA VALID 

Undefined: ~ 

Note: *1 CS or WE must be high during address transitions. 
*2 If CS goes high simultaneously with WE high, the output remains in high 

impedance state. 
*3 All Read cycle timings are referenced from the last valid address to 

first transitioning address. 
*4 Transition measured at ±500mV from steady state voltage with specified 

load in Fig. 2. 
*5 If CS is in the Read Mode during this period, I/O pins are in the 

output state so that the input signals of opposite phase to the outputs 
must not be applied. 
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PACKAGE DIMENSIONS 

.100(2.54)1 
T'fP 

24-LEADS PLASTIC DUAL-IN LINE PACKAGE 
(CASE No.:DIP-24P-H03) 

.010±.002 
(0.25±0.05) 

.172(4.36)MAX 

.118(3.0)MIN 

.018±.003 .020(0.51 )MIN 
(0.46±0.08) 

MB82B84-15 
MB82B84-20 

.300±.010 
(7.62±0.25) 

Dimensions in 
Inches (millimeters) 

e FUJITSU LIMITED 1987 0240175·2C 

24-LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No.: LCCo24P·M02) 

___ ......... ,....,...,,...,,..,,...,,..,t""'I 

INDEX 0 
d 
I .... '-' ........................ ~ 

.050±.005 
(1.27±0.13) 

I 
.300(7.62) 

J 
I r--

.09112.31) 
.550(13.97)REF NOM 

'Jl '3J. 005 
0.13) (8.64± 

.273±.020 
(6.93±0.51) 

I~~ 
.025(0.64) 

MIN 

.144(3.66) 
MA x 

Details of "A" P8rt9032(0'81)MAX 

.102(2.60) 
NOM 

'-="-""=::-1 

•. 615±.005(15.62±0.13) 

~.!...::.:=::...J ~ I .017±.004 

* : This dimensiQn includes resin protrusion. (Each side: .006(O.15)MAX.) (O.43:tO.l0) ?r!c~:~S:;;'~:li~eters). 
0111B8 FUJITSU LIMITED C240!i2S-1C 
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Section 3 

Low Power CMOS SRAMs - At a Glance 
I Uaxlmum 

Acce .. Package 
Page Device TIme (ns) Capsdty Options 

3-3 MB8464A~LL 80 65536 bits 28-pin Plastic DIP, FPT 
-I01ULL 100 (8192wx 8b) 32-pad Ceramic Lee 
-151ULL 150 

3--15 MB84256-10/ULL 100 262144 bits 28-pin Plastic DIP, FPT 
-121ULL 120 (32768w x Bb) 32-pad Ceramic Lee 
-151ULL 150 

3--25 MB84256A-7OIULL 70 262144 bits 28-pin Plastic DIP, FPT 
-101UlL 100 (32768w x 8b) 
-121ULL 120 
-151UlL 150 

3-35 MB84F256--25 250 262144 bits 28-pin Plastic DIP, FPT 
(32768w x 8b) 

3--47 MB841 ()()(H!()/l 80 1048576 bits 32-pin Plastic DIP, FPT 
-lOlL 100 (131072w x 8b) 
-121L 120 
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Low Power CMOS SRAMs Static RAM Data Book 

3-2 



11111111111111111111111111111111111111111111111111111111111111111 

FUJITSU 

11111111111111111111111111111111111111111111111111111111111111111 

CMOS 65536-BIT 
STATIC RANDOM 
ACCESS MEMORY 

8,192 WORDS x 8 BIT CMOS STATIC RAM WITH 
LOW POWER AND DATA RETENTION 

The Fujitsu MB S464A is a S192-word by S-bit static random access memory 
hhrir.~tp.rl with ;t loMOS sillicon Qate orocess. The memory utilizes asvnchro~ 

nous circuitry and may be maintained in any state for an indefinite period of 
time. All pins are TTL compatible, and a single 5 volts power supply is re
quired. 

The MB 8464A is ideally suited for use in microprocessor systems and other 
applications where fast access time and ease of use are required. All devices 
offer the advantages of low power dissipation, low cost, and high performance. 

• Organization: S192 words x S bits 
• Fast access time: SO ns max. (MB 8464A-SO/SOLISOLL) 

100 ns max. (MB 8464A-l0/l0Lll0LL) 
150 ns max. (MB 8464A·15/15L115LL) 

• Completely static operation: No clock required 
• TTL compatible inputs/outputs 
• Three-state output 
• Common data input/output 
• Single +5V power supply, ±10% tolerance 
• Low power standby: llmW max. (MB B464A·SO/l0/15) 

0.55mW max. (MB 8464A-SOLll0Ll15L) 
0.55mW max. (MB S464A-SOLLll0LLl15LL) 

• Data retention current: lmA max. (MB B464A-SO/l0/15) 
251lA max. (MB 8464A-SOLll0Ll15L) 
21lA max. at O°C to 40°C 

(MB S464A-SOLLll0LLl15LL) 
• Data retention: 2.0V min. 
• Standard 2S-pin DIP (300mil width) (Suffix: P-SK) 

(600mil width) (Suffix: P) 
• Standard 2S-pin bend-type Flat package (450mil width) (Suffix: PF) 
• Standard 32-pad LCC (Suffix: CV) 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 

Rating Symbol Value 

Supply Voltage Vee -0.5 to +7.0 

Input Voltage VIN -0.5* to Vee+0.5 

Output Voltage V OUT -0.5 to Vcc+0.5 

T-emperature Under Bias T BIAS -10 to +S5 

Storage Temperature ICERAMIC -65 to +150 
Range I PLASTIC 

TSTG 
-45 to +125 

*-2.0V for pulse width less than 20ns. 

Unit 

V 

V 

V 

°c 

°c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

MB B464A·80/80L/80LL 
MB 8464A.l 0/1 OL/l OLL 
MB 8464A.15/15L/15LL 

March 1987 
Edition 2.0 

PLASTIC PACKAGE 
DIP-28P-M02 

PLASTIC PACKAGE 
DIP-28P-M04 

o 
PLASTIC PACKAGE CERAMIC PACKAGE 

FPT-28P-M02 LCC-32C-A02 

PIN ASSIGNMENT 

A, ~.; 
,~, 9: 
A, H!; 
Ao Tl, 

Ne I" 

liD, GND 110. 110" 
liD., NC 110., 

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 
application of any voltage higher than maxi
mum rated voltages to this high impedance 
circuit. 
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1IIIIIIIIIIImlillmllllllllllllllllllllllllilim MB 8464A-80/80L/80LL 

IWI~I~I;III :: ::~::: ~ ~~~ ~t~~ ~tt 

Fig. 1 - MB 8464A BLOCK DIAGRAM 

~ '--- ---0 Vee 

----0 GND 

256 x 32 x 8 ADDRESS ROW MEMORY CELL 
BUFFER DECODER ARRAY 

'--- -

ics l I 
ADDRESS 1/0 GATE 

BUFFER & 
COLUMN DECODER 

res I I 
BUFFER DATA 1/0 BUFFER - CS 

~ 

/cs 1 111 1 111 

TRUTH TABLE 

CSI CS2 OE WE MODE SUPPLY CURRENT 1/0 PIN 

H X X X NOT SELECTED IS8 HIGH·Z 

X L X X NOT SELECTED IS8 HIGH·Z 

L H H H DOUT DISABLE Icc HIGH·Z 

L H L H READ Icc DOUT 
L H X L WRITE Icc DIN 

CAPACITANCE (TA = 25°C, f = 1MHz) 

Parameter Symbol Min Typ Max Unit 

I/O Capacitance (V IIO = OV) CliO 8 pF 

Input Capacitance (V IN = OV) CIN 6 pF 
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MB 8464A-IO/IOL/IOLL 1111111111111111111111111111111111111111111111111111 

FUJITSU := :::::: ~ gj~ gtj~ gtt 1111111111111111111111111111111111111111111111111111 

RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) 

Parameter Symbol Min Typ 

Supply Voltage Vee 4.5 5.0 

Input Low Voltage V IL -2.0' 

Input High Voltage V IH 2.2 

Ambient Temperature TA 0 

*-2.0 V Min for pulse width less than 20 ns. (V IL Min. = -0.3 V at DC level) 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

MB 8464A· MB 8464A·80L/BOLL 

Parameter Symbol 80/10/15 10L/l0LL/15L115LL Unit 

Min Max Min Typ Max 

19B , 2 l/LA 0.1 rnA 
Standby Supply Current 

ISB2 3 3 rnA 

Active Supply Current lee1 50 50 rnA 

Operating Supply Current lee2 60 60 rnA 

Input Leakage Current ILl -1 1 -1 -1 /LA 

Output Leakage Current I Lila -2 2 -2 2 /LA 

Output High Voltage V OH 2.4 2.4 V 

Output Low Voltage VOL 0.4 0.4 V 

Note: All voltages are referenced to GND 

Fig. 2 - AC TEST CONDITIONS 

• Input Pulse Levels: 0.6V to 2.4V 

Max Unit 

5.5 V 

O.B V 

Vee+0.3 V 

70 °c 

Test Condition 

CS2 ~ 0.2V, CS, ~ Vee-0.2V 
(CS2 ~ 0.2V or CS2 ~ Vee -0.2V) 

CS, = V IH or CS2 = V IL 

CS, = V IL , CS2 = V IH 
V IN = V IH or V IL , lOUT = OmA 

Cycle = Min., Duty = 100% 

lOUT = OmA 

V IN = OV to Vee 

Vila = OV to Vee 
CS, = V IH or CS2 = V IL or 
OE=VIH orWE=VIL 

IOH = -1.0mA 

IOL = 2.1mA 

< Output Load> 

+5V 

• Input Pulse Rise and Fall Times: 5ns (Transient Time between 0.8V and 2.2V) 
• Timing Reference Levels: Input: V IL = 0.8V, V IH = 2.2V 

Output: VOL = 0.8V, V OH = 2.0V DOUT o-----1r-----t 
(I/O) I 

CL' ! • Output Load: 

Parameters Measured 

Load I 1.8Kn 990n 100 pF 

Load" 1 .8Kn 990n 5 pF tCLZ. tOLZ. tCHZ. tOHZ. tWLZ and tWHZ *Including jig and stray capacitance 
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IIWIIIIIIWIIIIIIIIIIWIIIIWIIIIIWIIIIIIIIII MB 8464A.BO/80L/80LL 
FUJITSU 

1111111111111111111111111111111111111111111111111111 :: :::::: ~ ~~~ ~t~~ ~tt 

AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 
READ CYCLE 

MB 8464A-

Parameter Symbol 80/80l/80LL 

Min Max 

Read Cycle Time tRC 80 

Address Access Time tAA 80 

CS, Access Time tAC' 80 

CS2 Access Time tAC2 80 

Output Enable to Output Valid tOE 35 

Output Hold from Address Change tOH 10 

Chip Select to Output Low-Z" tCLZ 10 

Output Enable to Output Low-Z" tOLZ 5 

Chip Select to Output High-Z" tCHZ 35 

Output Enable to Output High-Z" tOHz 30 

READ CYCLE TIMING DIAGRAM'2 

READ CYCLE I '3 

MB 8464A- MB 8464A-
10/10l/10LL 15/15l/15LL 

Min Max Min Max 

100 150 

100 150 

100 150 

100 150 

45 55 

10 10 

10 10 

5 5 

35 40 

35 40 

,o,,'~ ~t--_; -=-=='O=H=-='A-A---

1
-'R-

x
:-

x
-
1
-, __ --..~~ __ _ 

DOUT PREVIOUS DATA VALID ~ _ _ X DATA VALID 

READ CYCLE il*4 

~
-------~tRC--------I-I 

ADDRESS __ ----JX"'---_ 
1------'AA----1 

CS, 

OE 

DOUT 

Note: *1 Transition is measured at the point of ±500mV from steady state voltage_ 
*2 WE is high for Read Cycle_ 
*3 Device is continuously selected, CS, = OE = V'L, CS2 = V'H' 
*4 Address vaild prior to or coincident with CS, transition low, CS2 transition high. 
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



MB 8464A-SO/80L/80LL IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII~IIIIIIIIIIIIIIII 

:: ::~::: ~ ~~~ ~t~~ ~tt IIIU~I~III;IIII 

WRITE CYCLE 

MB 8464A· MB 8464A· MB 8464A· 

Parameter Symbol 80/80L/80LL 10/10L/l0LL 15/15L/15LL 

Min Max Min Max Min Max 

... ". - '-"- -, - ..,.."--- on .nn I .en I 
VWlllC vy\..lt '''"1;; 'we 

Address Valid to End of Write tAW 60 80 100 

Chip Select to End of Write tew 60 80 100 

Data Valid to End of Write tow 30 35 40 

Data Hold Time tOH 5 5 5 

Write Pulse Width twp 60 70 90 

Address Setup Time t AS 0 0 0 

Write Recovery Time tWR 10 10 10 

Write Enable to Output Low·Z" tWLZ 5 5 5 

Write Enable to Output High·Z" tWHz 30 35 40 

WRITE CYCLE TIMING DIAGRAM *2 

WRITE CYCLE I: WE CONTROLLED 

ADDRESS 

'we 
I 

~ 
'AW ~'WR--I 

1///. //////////////////// 1// / / / / / / // / 

'ew 

!'\. '\. '\. i '\'\'\\. r/ / / / / / / / / / / cs, 

I 
'ew 

CS2 //// /// F l"'-'\\.\.\.\.'\.\.\.\.\. 

I--'AS--j 'WP 

,'\.'\.'\. 
WE 

HIGH·Z 
r--'ow-~ 

HIGH·Z 
DATA IN VALID 

~ tWHZ " ~." tWLZ 
HIGH·Z 

I 
DOUT 

Note: *1 Transition is measured at the point of ±500mV from steady state voltage. 
*2 If OE, CS, and CS2 are in the READ Mode during this period, I/O pins are in the output state so that the 

input signals of opposite phase to the outputs must not be applied. 

Unit 

--". 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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1111111111111111111111111111111111111111111111111111 MB 8464A-BO/80L/80LL 
FUJITSU 0.1 0 / 0 

1111111111111111111111111111111111111111111111111111 :: :::::: ~ 5/~ 5b~ 5~~ 
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WRITE CYCLE II: CS, CONTROLLED"' 

twc 
I 

ADDRESS 

tAW 

//// //////////////////// //// ///// 

~ tcw t---tWR-

CSt 

tcw 

CS2 ////// \.\.\.\.\.\.\.\.\.\. 

twp 

"" " -// / ///// 

HIGH-Z 
r-toW-~tDH 

HIGH-Z 
DATA IN VALID 

~'3 tWHZ*3 

HIGH·Z ~ HIGH-Z 
DOUT 

WRITE CYCLE III: CS2 CONTROLLED"2 

twc 
I 

ADDRESS 

tAW 

/// //// ///// ///////// // ///LL 

tcw 

CS, \.\.\.\. \.\. //// ///// 

~ tcw -twR-

CS2 

twp 

WE ""'" '" //// //// 

r---tow- ~tOH 
HIGH-Z 

DATA IN VALID 
HIGH-Z 

'3 tWHZ -3 tCLZ 

~ 
HIGH-Z HIGH-Z 

DOUT 

Note: '1 If OE, CS2 and WE are in the READ Mode during this period, I/O pins are in the output state so that the 
input signals of opposite phase to the outputs must not be applied. 

*2 if OE, CS, and WE are in the READ Mode during this period, I/O pins are in the output state so that the 
input signals of opposite phase to the outputs must not be applied. 

*3 Transition is measured at the point of ± 500mV from steady state voltage. 



MB S464A.SO/SOL/SOLL 1111111111111111111111111111111111111111111111111 

FUJITSU 

:: :::::: ~ ~;~ ~b~ ~~~ 1IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIImlllllili 

DATA RETENTION CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Typ 

Data Retention Supply Voltage VOR 2.0 

Standard 

Data Retention 
L·Version lOR 1.0 

Supply Current'2 

LL.Version '3 1.0 

Data Retention Setup Time tORS 0 

Operation Recovery Time tR tRe 

Note: *2 CS2 controlled: VOR = 3.0V, CS2 ~ O.2V 
CS, controlled: VOR = 3.0V, CS, ~ VOR-O.2V (CS2 ~ O.2V or CS2 ~ VoR -O.2V) 

*3 VDR=3.0V, TA=O°C to 40°C 

DATA RETENTION TIMING 

DATA RETENTION I: CS, CONTROLLED 

Vee \_-----.:.~- - - --j 

Max 

5.5 

1.0 

25 

2.0 

4.5V DATA RETENTION MODE 4.5~t 

r-tDRS - tRi 

~1!J"".2""v"'r-\lr-"" <:5, ~ VDR-O.2~ n,. ....... ~f.,2 ....... 2V,.., 
<:5, 

DATA RETENTION II: CS2 CONTROLLED 

i------DATA RETENTION MODE-----j 

4.5V 4.SV 
Vee \ VOR I '- ____________ .J 

Unit 

V 

mA 

tJA 

tJA 

ns 

ns 
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mllllllllllillmllllllllllllllllllllllm~m MB 8464A-80/80L/80LL 

1111 •• 111 :: :::::: ~ g~~ gt~~ gtt 

PACKAGE DIMENSIONS 
(Suffix: PI 

INDEX 

28·LEAD PLASTIC DUAL·IN'LlNE PACKAGE 
(CASE No.: DIP·28p·M021 

I 
.543±.010 

1~========:::::S;;;::;==:::::;-;z:'==========jIJ"'" 
f------l.407~:~~~(35.73~~:~)-----.1 

© 1986 FUJITSU LIMITED D28006S·2C_ 
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.600(15.24)TVP 

Dimensions in 
inches (millimeters) 



MB 8464A.BO/BOL/80LL 1111111111111111111111111111111111111111111111111 

:: :::::: ~ g:~ g~:~ g~~ IIIII~;III 

PACKAGE DIMENSIONS 
(Suffix: P·SK) 

28·LEAD PLASTIC DUAL·IN·LlNE PACKAGE 
(CASE No.: DIP·28P·M04) 

,::,::i;: : ~,,:cr: .:,: : : :0: : ]5"~~ 
I 1.392~~~~(35.36~~:;) I 

.100(2.54) I 
TYP 

©1986 FUJITSU LIMITED 02B018$-2C 

.018±.003 
(0.46±0.08) 

.010±.002 
(0.25±0.05) 

.300(7.62)TYP 

Dimensions in 
inches (millimeters) 
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1IIIIIIIIIIIIIIIIIIIIIIIImmlllllllllllllllili MB 8464A-80/80L/80LL 
FUJITSU MB 8464A-l Oil OLll OLL 

mlllllllllllllllllllillmllllrnlillmllllill MB 8464A-15/15L/15LL 

PACKAGE DIMENSIONS 
(Suffix: PF) 

28-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-28P-M02) 

INDEX 

d 
~=n=;:;:::;::;=r=r=n=r;:=n==n=iT=n=;:;~ 

© 1987 FUJITSU LlMITEDF28011S-2C 
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1 
.339±.008 
18.6±0.2) 

111.8±0.3) J .465±.012 

OIO)MIN 

ISTAND OFF) 

.402±.012 

~ J'" .., 
I .006±.002 

--I 10.15.0.05) 

f---- .11012.8)MAX 

View "A" 

.00810.18) 
MAX 

.02710.68) 
MAX 

Dimensions in 
inches (millimeters) 



PACKAGE DIMENSIONS 
(Suffix: CV) 

MB 8464A-BO/BOl/BOll 1111111111111111111111111111111111111111111111111 

MB 8464A-l 0/1 Ol/l Oll FUJITSU 
MB 8464A-15/1 5l/15ll 1111111111111111111111111111111111111111111111111 

32-PAD CERAMIC (METAL SEAL) LEADLESS CHIP CARRIER 
(CASE No_: LCC-32C-A02) 

'PIN NO.1 INDEX 

.065(1.65) 
TYP 

C.040(1.02)TYP 
(3PLCS) 

.085(2.1~ 

MAX 

* Shape of PIN NO.1 INDEX: Subject to change without notice. 

©1987 FUJITSU LIMITED C32011S-3C 

.360(9. 14)TYP 

I .050+.006 
(1.27±0.15) 

.300(7.62)TYP 

C.015(0.38)TYP 

l .460(11.68) 
TYP 

.400(10.16)J TYP 

-.l 

Dimensions in inches 
(millimeters) 
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256K-BIT (32,768 x 8) CMOS STATIC RANDOM ACCESS 
MEMORY WITH DATA RETENTION AND LOW POWER 

The Fujitsu MB 84256 is a 32,768-word by 8-bit static random access mem
ory fabricated with a CMOS silicon gate process. The memory utilizes asynchro
nouse circuitry and may be maintained in any state for an indefinite period of 
time. All pins are TTL compatible, and a single +5 volts power supply is reo 
quired. 

The M B 84256 is ideally suited for use in microprocesser systems and other 
applications where fast access time and ease of use are required. All devices 
offer the advantages of low power dissipation, low cost and high performance. 

• Organization: 
• Fast access time: 

32,768 x 8 bits 
100 ns max. (MB 84256·10/10L/l0LL) 
120 ns max. (MB 84256·12/12L/12LL) 
150 ns max. (MB 84256·15/15L/15LL) 

• Completely static operation: No clock required 
• TTL compatible inputs/outputs 
• Three·state outputs 
• Single +5V power supply, ±10% tolerance 
• Low power standby: 

CMOS level: 5.5 mWmax. (MB84256-10/12/15) 
0.55 mW max. (MB 84256·10L/l0LL/12L/12LL/ 

15L/15LL) 
TTL level: 16.5 mW max. (MB 84256·10/10L/l0LL/12/12L/12LL/ 

15/15L/15LL) 
• Data retention: 2.0V 
• Standard 28'pin DIP (600 mil) (Suffix: ·P) 
• Standard 28'pin Bend·type Plastic Flat Package (450 mil) (Suffix: -PF) 
• Standard 32·pad LCC (Suffix: ·CV) 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 

Rating Symbol Value Unit 

Supply Voltage Vee -0.5 to +7.0 V 

Input Voltage V1N -0.5 to Vee+0.5 V 

Output Voltage VOUT -0.5 to Vec+0.5 V 

Temperature Under Bias TslAs -10 to +85 °c 

Storage CERAMIC -65 to +150 
TSTG °c Temperature Range 

PLASTIC -40 to +125 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATI NGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

MB 84256-10/10LllOLL 
MB 84256-12112L/12LL 
MB 84256-15/15L/15LL 

August 1986 
Edition 2.0 

PLASTIC PACKAGE PLASTIC PACKAGE 
DIP·2BP-M02 FPT·28p·M02 

o 
CERAMIC PACKAGE 

LCC·32C·A02 

PIN ASSIGNMENT 

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 
application of any voltage higher than maxi
mum rated voltages to this high impedance 
circuit. 
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!UMlml~i~II~~~~im . MB 84256.10/10L/lOLL 
FUJITSU MB 84256.12/12L/12LL 
1~~!I~~mll~IMOO~lil~! MB 84256.15/15L/15LL 

ADDRESS 
BUFFER 

Ics 
0----

ADDRESS 
BUFFER 

lcs 
OE 

BUFFER 

Fig. 1 - MB 84256 BLOCK DIAGRAM 

r-- r-- ----aVcc 

· 
ROW 

512x64x8 
MEMORY CELL · DECODER . ARRAY 

--DGND 

· . 
f--- r-

1 . . 1 
. 

1/0 GATE & . 
COLUMN DECODER 

I . . . 
I 

DATA 1/0 BUFFER r--- CS 

lcs 1 1 1 1 1 1 1 1 

TRUTH TABLE 

cs OE WE MODE SUPPLY 1/0 PIN CURRENT 

H X X NOT SELECTED IS8 HIGH·Z 

L H H DOUT DISABLE ICC HIGH·Z 

L L H READ ICC DOUT 
L X L WRITE ICC DIN 

CAPACITANCE (TA = 25°C, f = 1 MHz) 

Parameter Symbol Min Typ Max Unit 

I/O Capacitance (V I/O = OV) CliO 8 pF 

Input Capacitance (VIN = OV) C IN 7 pF 
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MB 84256.10/1OL/10LL Ilmllllllllmllmlllllmllllllllllllm!11111 

MB 84256.12/12L/12LL FUJITSU 
MB 84256.15/15L/15LL 1IIIIIImlllllllllllllmlm~~mlm~m~1111 

RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vcc 4.5 5.0 5.5 V 

Input Low Voltage VIL -2.0 • o.a V 

Input High Voltage V IH 2.2 Vcc+0.3 V 

Ambient Temperature TA 0 70 °c 

• -2.0 V Min. for pulse width less than 20 ns. (V IL Min = -0.3 V at DC level) 

DC CHARACTERISTICS 
(Recommended operating conditions otherwise noted.) 

MB 84256-10/12/15 MB 84256-10L/l0LL/ 
Parameter Symbol 12L/12LL/15LI15LL Unit Test Conditions 

Min Max Min Max 

Standby Supply IS81 1 0.1 CS:;:':Vcc-0.2V 
Current 

mA 
IS82 3 3 CS = V IH 

Active Supply 
ICCl 45 45 

CS ~ V IL , V IN = V IH or V IL 
Current IOUT~OmA 

mA 
Operating Supply 

ICC2 70 70 
Cycle ~ Min., 

Current Duty ~ 100%, lOUT ~ 0 mA 

Input Leakage 
ILl -1 1 -1 1 p.A V IN ~ OV to Vcc 

Current 

Output Leakage 
ILI/O -1 1 -1 1 p.A 

VI/O ~OVtoVcC,CS=VIH' 
Current OE~VIH orWE~VIL 

Output High 
VOH 2.4 2.4 V IOH ~ -1.0 mA 

Voltage 

Output Low 
VOL 0.4 0.4 V IOL ~ 2.1 mA 

Voltage 

Note: All voltages are referenced to GND 

Fig. 2 - AC TEST CONDITIONS 
+~v 

?-
>R1 • Input Pulse Levels: 0.6V to 2.4V 

• Input Pulse Rise & Fall Times: 5ns (Transient between o.av and 2.2V) 
°OUT 

'~i 
• Timing Reference Levels: Input: V IL ~ o.av, V IH ~ 2.2V 

(1101 Output: VOL = o.av, V OH ~ 2.0V > 
.:R2 • Output Load 

* Including Jig and stray capacitance 
7fT 

R, R2 CL Parameters Measured 

Load I l.BKn 990n 100pF except tCLZ. tOLZ. tCHZ. tOHZ. tWLZ and tWHZ 

Load II l.BKn 990n 5pF tCLZ. tOLZ. tCHZ, tOHZ. tWLZ and tWHZ 
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MB 84256.10/1OL/10LL 
MB 84256.12/12L/12LL 
MB 84256!!\15/15L/15LL 

AC CHARACTERISTICS 
IRecommended operating conditions unless otherwise noted.) 

READ CYCLE" 

MB 84256·10/ MB 84256·12/ MB 84256·15/ 
Parameter Symbol 10L/l0LL 12L/12LL 15L/15LL 

Min Max Min Max Min Max 

Read Cycle Time t RC 100 120 150 

Address Access Time'2 tAA 100 120 150 
CS Access Time'3 t AcS 100 120 150 

Output Enable to Output Valid tOE 40 50 60 
Output Hold from Address Change tOH 20 20 20 
Chip Select to Output LoW·Z'4'5 tCLZ 10 10 10 

Output Enable to Output LOW·Z'4'5 tOLZ 5 5 5 

Chip Select to Output High.Z'4'5 tCHZ 40 40 50 
Output Enable to Output High·Z'4'5 tOHZ 40 40 50 

READ CYCLE TIMING DIAGRAM" 

READ CYCLE I: ADDRESS CONTROLLED'2 

ADDRESS ---"""/'"-------------------"""\ jro---~
-----------------tRC------------_______ ~ 

-----'\' = "'"~ X ~ 1'----

DOUT PREVIOUS DATA V~ X DATA VALID 

READ CYCLE II: CS CONTROLLED'3 

r-------------------tRC----------------~:1~ 

ADDRESS ---"'\ ,..------------------"""'\~~--

DOUT 

IKZI : Undenfinad 

Note: * 1 WE is high for Read cycle. 

3-18 

*2 Device is continuously selected, CS = OE = V'L. 
*3 Address valid prior to or coincident with CS transition low. 
*4 Transition is measured at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load II in Fig. 2. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



MB 84256-10/10L/l0LL 1IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIImllllllllllllllili 

MB 84256-12/.12L/12LL FUJITSU 
MB 84256-15/15L/15 LL 1111111111111111111111111111111111111111111111111111 

WRITE CYCLE"'2 

MB 84256-10/ MB 84256-12/ MB 84256-15/ 
Parameter Symbol 10l/10LL 12l/12LL 15l/15LL Unit 

Min Max Min Max Min Max 

Write Cycle Time'3 twe 100 120 150 ns 

Address Valid to End of Write tAW 80 B5 100 ns 

Chip Select to End of Write tew 80 85 100 ns 

Data Valid to End of Write tow 40 45 50 ns 

Data Hold Time tOH 0 0 0 ns 

Write Pulse Width twp 60 70 90 ns 

Address Setup Time tAs 0 0 0 ns 

Write Recovery Time'4 tWR 5 5 5 ns 
WE to Output Low-Z'5'6 tWLZ 5 5 5 ns 

WE to Output High-Z'5'6 tWHz 40 40 50 ns 

WRITE CYCLE TIMING DIAGRAM'1'2 

WRITE CYCLE I: WE CONTROLLED 
'3 twe 

II 
ADDRESS - ). X 

tAW r-tWA:J 

tew 

~j ~~ //////// 
_lAS, twp 

WE },.\. 

I---tow- f----tOHi 

HIGH-Z HIGH-Z 
DATA VALID 

~tWHZ'5'6 I--twLZ~ 

HIGH-Z XXXXXXXXX XXx. DOUT 

~ : Undefined 

Note: '1 If OE, CS are in the READ Mode during this period, I/O pins are in the output state so that the input signals of 
opposite phase to the outputs must not be applied. 

*2 If CS goes high simultaneously with WE high, the output remains in high impedance state_ 
*3 All write cycle are determined form last address transition to the first address transition of the next address. 
*4 tWA is defined from the end point of WR ITE Mode. 
*5 Transition is measured at the point of ±500mV from steady state voltage. 
*6 This parameter is specified with Load II in Fig. 2. 
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IDI 

IIIIIIIIIIIIIIIIIIIIIIIIIIIIII~IIIIIIIIIIIIIIIIIIII MB 84256.1O/10L/l0LL 

1l1i~~I~I;;I~11 :: ::~~::~:j~:~j~:~~ 

Note: *1 

*2 
*3 
*4 
*5 
*6 

3-20 

WRITE CYCLE II: cs CONTROLLED'P2 

'3 
'we 1 

ADDRESS ~ I{ 
I 

'AW 

~ 'ew -'WR~ 

'WP 

~\\ 1\ \ \ //////// 

'DW- !---'DH-

HIGH-Z 
DATA VALID 

HIGH-Z 

tCLZ "5"6 
~tWHZ·5.6 

HIGH-Z HIGH-Z 
X X DOUT 

I 

~ : Undefined 

If OE, CS are in the READ Mode during this period, I/O pins are in the output state so that the input signals of 
opposite phase to the outputs must not be applied. 
If CS goes high simultaneously with WE high, the output remains in high impedance state. 
All write cycle are determined from last address transition to the first address transition of the next address. 
tWR is defined from the end point of WRITE Mode. 
Transition is measured at the point of ±500mV from steady state voltage. 
This parameter is specified with Load II in Fig. 2. 



MB 84256.10/10L/l0LL 1lllllllllllllllllllmlllllllllllllllmllmlm~ 
MB 84256.12/12L/12LL FUJITSU 
MB 84256.15/15L/15LL IIIIII1111111111111111111111111111111111111111111111 

DATA RETENTION CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

Parameter 

Data Retention Supply Voltage 1 

Standard 
Data Retention '2 

Supply Current L-Version 

LL-Version '3 

Data Retention Setup Time 

Operation Recovery Time 

Note: *1 CS~ V oR -0.2V 
*2 V OR =3.0V,CS~VOR-0.2V 
*3 V OR = 3.0V, TA = 40°C 

DATA RETENTION TIMING 

DATA RETENTION 

Symbol 

VOR 

lOR 

tORS 

tR 

Min Max 

2.0 5.5 

1 

50 

5 

0 

t RC 

VCC 

DATA RETENTION MODE ,f----
?~~ _______ ~~~ ________ ~J L,"~ 
&if \ ,,"W'," ~ 2.2V 2.2V 

Unit 

V 

mA 

p.A 

ns 

ns 
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1IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIImlllllili MB 84256.10/10L/l0LL 
FUJITSU MB 84256.12/12L/12LL 

1IIIIIIIIIIIIIImllllllillmllllllillmllllili MB 84256.15/15L/15LL 

PACKAGE DIMENSIONS 
(Suffix: PI 

28-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-28P-M02) 

3-22 

l 
.533113.55) 

INDEX 

1~========:::::S:;;::::===;Z:::.=========iI]·~' 

.10012.54) I 
TYP 

.ll62(1.58)MAX 

1.389135.28) 
1.415135.93) 

© 1986 FUJITSU LIMITED D28006S-1C 

I 

W19514.96)MAX -t--L 11813.00)MIN 

.02010.511MIN 

.590114.99) 

.610115.49) 

Dimensions in 
inches (millimeters) 



PACKAGE DIMENSIONS 
(Suffix: PF) 

MB 84256.10/10L/l0LL 1111111111111111111111111111111111111111111111111 

MB 84256.12/12L/12LL FUJITSU 
MB 84256.15/15L/15LL 1111111111111111111111111111111111111111111111111 

28-LEAD PLASTIC FLAT PACKAGE 
(CASE No_: FPT-28P-M02) 

_709(18.0)MAX 

kfbrn n riM n n M n n n n D:?g~g:~l . 1 - -- -- -- --- - -----.J .050(1.27) --11.·014(0.35) 
TYP .022(0.55) 

Detail of "A" part 
<91985 FUJITSU LIMITED F28011S-1C 

O(O)MIN 

(STAND DFF) 

..J .004(0.1) 
.008(0.2) 

.110(2.8) 
MAX 

VIEW A 

0.07(0.18) 
MAX 

.027(0.68) 
MAX 

Dimensions in 
inches (millimeters) 
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1IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIImlllllili MB 84256-10/10L/lOLL 
FUJITSU MB 84256-12/12L/12LL 

111111~lllmllllllllllllllllllllllllllllllllmlll MB 84256-15/15L/15LL 

PACKAGE DIMENSIONS 
(Suffix: CV) 

3Z·PAD CERAMIC (METAL SEAL) LEADLESS CHIP CARRIER 
(CASE No.: LCC-3ZC·AOZ) 

3-24 

'PIN 1 INDEX 

/ 

O,~ 
.560114.22) 

.445111.30) 

.460111.68) 

.04011.02)TVP 
13PLCS) 

*Shape of Pin 1 index: Subject to change without notice 

©1985 FUJITSU LIMITED C32011S 

.30017.62)TVP 

C.Q151O.38)TVP 

Dimensions in inches 
(millimeters) 



111111111111111111111111111111 ~~~~~~~~~~MB84~2~56~A-7~0!7~OL~!7~OL~L ~ 
fUJITSU CMOS 262 .. 144-BIT STATIC MB84256A-IO/IOL/IOLL 

RANDOM ACCESS MEMORY MB84256A-12/12L/12LL 

111111111111111111111111111111 ~~~~~~~~~~MB~84~25~6A-~15~/1~5L/~15~LL~ 

256K-BIT (32,768x8) CMOS STATIC RANDOM ACCESS 
MEMORY WITH DATA RETENTION AND LOW POWER 

The Fujitsu MB84256A is a 32,768-word by 8-bit static random 
access memory fabricated with a CMOS sillicon gate process. 
The memory utilizes asynchronous circuitry and may be main
tained in any state for an indefinite period of time. All 
pins are TIT. compatible, and a single +5V power supply is 
required. 

The MB84256A is ideally suited for use in microprocesser 
systems and other applications where fast access time and 
ease of use are required. All devices offer the advantages 
of low power dissipation, low cost and high performance. 

• Organization: 32,768 x 8 bits 
• Fast access time: 70 ns max. (MB84256A-70/70L/70LL) 

100 ns max. (MB84256A-10/10L/10LL) 
120 ns max. (MB84256A-12/12L/12LL) 
150 ns max. (MB84256A-15/15L/15LL) 

• Completely static operation: No clock required 
• TIT. compatible inputs/outputs 
• Three state outputs 
• Single +5V power supply, ±10% tolerance 
• Low power standby : 

CMOS level: 5.5 mW max. (MB84256A-70/10/12/15) 
0.55 mW max. (MB84256A-70L/70LL/10L/10LL/ 

12L/12LL/15L/15LL) 
TIT. level· 16 5 mW max (MB84256A-70/70L/70LL/10/10L/ 

10LL/12/12L/12LL/15/15L/15LL) 
• Data retention: 2.0V min. 

· Standard 28-pin DIP (600mil) (Suffix: P) 

· Standard 28-pin DIP (300mil) (Suffix: P--=SK) 

· Standard 28-pin Bend-type FPT (450mil) (Suffix: PF) 

ABSOLUTEMAXIMUM RATINGS (see NOTE) 

Rating Symbol Value Unit 

Supp_!y Voltage VCC -0.5 to +7.0 V 
Input Voltage VIN -0.5 to VCC+0.5 V 
Output Voltage VItO -0.5 to VCC+0.5 V 
Temperature. under Bias TBIAS -10 to +85 uc 
Storage Temperature TSTG -40 to +125 "c 

TS256-B889 
Sept. 1988 

PLASTIC PACKAGE 
DIP-28P-M02 

PLASTIC PACKAGE 
DIP-28P-M04 

PLASTIC PACKAGE 
FPT -28P-M02 

PIN ASSIGNMENT 

A'4C 1 2. pvcc 
A" 2 27 pm 
A, 3 2. PA 13 
AS' 4 2. ~A. 
A,( 5 2' pA. 
A.[ 6 23 PA 11 
A,e 7 22 pOE 
A,c • 

TOP view 21 PA,O 
All 9 20 pes 
Ao' 10 " PUO, 

lIo,~ 11 I. PliO, 
"°2 12 17 PIIOs 
I/Ole 13 I. PIIOS 
GNQ 1. IS PliO .. 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM This device contains circuitry to protect the 

RATINGS are exceeded. Functional operation should be restricted to inputs against damage due to high static volt~ 
ages or electric fields. However, it is advised 

the conditions as detailed in the operational sections of this data that normal precautions be taken to avoid 
sheet. Exposure to absolute maximum rating conditions for extended application of any voltage higher than maxi~ 

periods may affect device reliability. mum rated voltages to this high impedance 
circuit. 
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MB84256A-70!70L!70LL 
MB84256A-I0/I0L/I0LL 
MB84256A-12/12L/12LL 
MB84256A-15/15l/15LL 

Fig. 1 - HB84256A BLOCK DIAGRAH 

AO 
Al 
A2 ADDRESS ROW 256 x 128 x 8 
A3 BUFFER • DECODER • MEMORY CELL ARRAY 
A4 
AS • A6 • 
A7 

CS • 

A8 
A9 
AlO 
All ADDRESS • I/O GATE & 

BUFFER COLUMN DECODER A12 
A13 • 
A14 

CS • • • 

OE 
BUFFER DATA I/O BUFFER 

WE 

CS 

Cs ---t>o--@ 
1/01 1/03 1/05 1/07 

1/02 1/04 1/06 1/08 

TRUTH TABLE 

-----<) VCC 

-----<) GND 

CS 

CS OE WE MODE SUPPLY I/O PIN CURRENT 
H X X Not Selected ISB High-Z 
L H H DOUT Disable ICC High-Z 
L L H Read ICC DOUT 
L X L Write ICC DIN 

CAPACITANCE (TA=25°C. f=lHHz) 

Parameter Symbol Min Typ Max Unit 

I/O Capacitance (VI/O=OV) CI/O 8 pF 
Input Capacitance (VIN=OV) CIN 7 pF 
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MB84256A-70/70l/70ll 
MB84'256A-I0/I0l/I0ll 
MB84256A-12/12l/12ll 
MB84256A-15/15l/15ll 

RECOMMENDED OPERATING CONDITION 
(Referenced to GND) 

Parameter Symbol 

Supply Voltage VCC 
Ambient Temperature TA 

DC CHARACTERISTICS 

Min Typ 

4.5 5.0 
0 

(R d d h d ) di' ecommen e operatJ.IJg con t10ns at erw1se note . 
MBB4256A 70L/70LI 

Max Unit 

5.5 V 
70 YC 

MBB4256A-Parameter Symbol 70/10/12/15 /10L/10LL/12L Unit Test Condition 
/12LL/15L/15LL 

Min Max Min Max 

Standby Supply ISB1 1 0.1 mA CS~VCC-0.2V 

Current ISB2 3 3 mA CS=VIH 

Active Supply ICC1 55 55 mA VIN-VIR or VIL 
Current CS=VIL, IOUT=OmA 
Operating I 70 BO BO Cycle-Min. 
Supply 

1-10/12/15 
ICC2 70 70 mA Duty=100% 

Current IOUT=OmA 
Input Leakage ILl -1 1 -1 1 J.lA VIN=OV to VCC Current 

Output Leakage VI/O-OV to VCC 
ILI/O -1 1 -1 1 J.lA CS=VIH Current OE=VIH or WE=VII 

Input High Voltage VIH 2.2 VCC 2.2 VCC V +0.3 +0.3 
Input Low Voltage VIL -3.0 ic O.B -3.0 * O.B V 
Output High Voltage VOH 2.4 2.4 V IOH--1.0mA 
Output Low Voltage VOL 0.4 0.4 V IOL=2.1mA 

Note: All voltages are referenced to GND. 
*: -3.0V min. for pulse width less than 20 ns. (VIL min. = -0.3V at DC level.) 

DOUT 
(I/O) 

+5V 

R2 

7'rr 

Fig. 2 - AC TEST CONDITIONS 

• Input Pulse Levels: 0.6V to 2.4V 
• Input Pulse Rise & Fall Times: 

5ns (Transient between O.BV and 2.2V) 
• Timing Reference Levels 

Input: VIL=O.BV, VIH=2.2V 
Output: VOL=O.BV, VOH=2.0V 

• Output Load 

* Including Jig and stray capacitance 

I I R1 I R2 I CL I Parameters Measured I 
I Loadl I 1. BK\2 I 990\2 I 100pF I except tCLZ, tOLZ, tCHZ, tOHZ, tWLZ and tWHZ I 
I Load2 I 1. BK\2 I 990\2 I 5pF I tCLZ, tOLZ, tCHZ, tOHZ, tWLZ and tWHZ I 
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MB84256A-70/70L/70LL 
MB84256A-I0/I0L/I0LL 
MB84256A-12/12L/12LL 
MB84256A-15/15L/15LL 

AC CHARACTERISTICS 
(Recommended operating conditions otherwise noted.) 
READ CYCLE *1 

MB84256A MB84256A 
Parameter Symbo 70/70L/70LI 10/10L/101l 

Min Max Min Max 
Read Cycle Time tRC 70 100 
Address Access Time * tAA 70 100 

CS Access Time *3 tACS 70 100 

Output Enable to tOE 35 40 Output Valid 
Output Hold from tOH 20 20 Address Change 
Chip Select to tCLZ 10 10 Output Low-Z *4*5 
Output Enable to tOLZ 5 5 Output Low-Z *4*5 
Chip Select to tCHZ 25 40 Output High-Z *4*5 
Output Enable to tOHZ 25 40 Output High-Z *4*5 

READ CYCLE TIMING DIAGRAM *1 

ADDRESS 

DOUT PREVIOUS DATA V~ X X 
READ CYCLE 2: CS CONTROLLED *3 

MB84256A- MB84256A-
12/12L/1211 15/15L/15LI 
Min Max Min Max 
120 150 

120 150 

120 150 

50 60 

20 20 

10 10 

5 5 

40 50 

40 50 

DATA VALID 

ADDRESS __ ~~~ .... ,-:~_-::~_ -::~_ -==tAA===_-~=~~=::::t+jR-C--_ -_-_-_-_-_-_ -_-_ -_-_-_-_-_-_-_-~q+j'__ __ 

DOUT HIGH-Z 

tOE 
tOLZ 

Note: *1 WE is high for Read cycle. 
*2 Device is continuously selected, CS=OE=VIL. 

~: Undenfined 

*3 Address valid prior to or coincident with CS transition low. 

Unit 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

*4 Transition is measured at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load 2 in Fig. 2. 
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MB84256A-70/70L/70LL 
MB84256A-I0/I0L/I0LL 
MB84256A-12/12L/12LL 
MB84256A-15/15L/15LL 

WRITE CYCLE *1*2 
MB84256A-

Parameter Symbol 70/70L/70LI 
Min Max 

Write Cycle Time *3 tWC 70 
Address Valid to tAW 50 End of Write 
Chip Select to tCW 50 End of Write 
Data Valid to tDW 25 End of Write 
Data Hold Time tDH 0 
Write Pulse Width tWP 50 
Address Setup Time tAS 0 
Write Recovery Time tWR 5 *4 
WE to Output Low-Z tWLZ 5 *5*6 
WE to Output High Z tWHZ 25 >"5*6 

WRITE CYCLE TIMING DIAGRAM *1*2 

WRITE CYCLE 1: WE CONTROLLED 

ADDRESS 

tAW 

MB84256A- MB84256A- MB84256A-
10/10L/10LI 12/12L/12LI 15/15L/15LI 
Min Max Min Max Min Max 
100 120 150 

80 85 100 

80 85 100 

40 45 50 

0 0 0 
60 70 90 

0 0 0 

5 5 5 

5 5 5 

40 40 50 

tWC 

tWR 

tE------- tCW -------;o.j Jr--r--r-'--'~...--:,.......,~ 

t-E----- tWP ----;..; 
------------~~~ Jr---------

tDW ----....; 

DIN DATA VALID 

DOUT 
HIGH-Z 

~ : Undenf ined 

Unit 

ns 

ns 

ns 

ns 

ns 
ns 
ns 

ns 

ns 

ns 

Note: *1 If OE, CS are in the READ Mode during this period, I/O pins are in the 
output state so that the input signals of opposite phase to the outputs 
must not be applied. 

*2 If CS goes high simultaneously with WE high, the output remains in high 
impedance state. 

*3 All write cycle are determined from last address transition to the first 
address transition of the next address. 

"'4 tWR is defined from the end point of WRITE Mode. 
*5 Transition is measured at the point of ±500mV from steady state voltage. 
*6 This parameter is specified with Load 2 in Fig. 2. 
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MB84256A-I0/10L/I0lL 
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WRITE CYCLE TIKING DIAGRAM *1*2 

WRITE CYCLE 2: CS CONTROLLED 

tWC 

ADDRESS => ~ 
I 

tAW 

~ tCW _tWR -N V 
I 

tWP 

" " " '\ " " " '\ V//////// 

HIGH-Z 
~tDW- -tDH~ 

tCLZ tWHZ 
DATA VALID HIGH Z DIN 

HIGH Z \, 
~ 

X X HIGH Z 
r DOUT 

~ : Undenfined 

Note: *1 If OE, CS are in the READ Mode during this period, I/O pins are in the 
output state so that the input signals of opposite phase to the outputs 
must not be applied. 
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*2 If CS goes high simultaneously with WE high, the output remains in high 
impedance state. 

*3 All write cycle are determined from last address transition to the first 
address transition of the next address. 

*4 tWR is defined from the end point of WRITE Mode. 
*5 Transition is measured at the point of ±500mV from steady state voltage. 
*6 This parameter is specified with Load 2 in Fig. 2. 



nl~I!~liIli!~m MB84256A-70/70L/70LL 
FUJ ITSU MB84256A-IO/IOL/IOLL 

InmllnlollmmmlDI MB84256A-12/121,../12LL 
HII IIIH IIUIUWII MB84256A-15/15L/15LL 

DATA RETENTION CHARACTERISTICS 
(Recommended operating conditions otherwise noted.) 

Parameter 

Data Retention Supply Voltage *1 
Data Retention I MB84256A-70/10/12/15 
Supply I MB84256A 70L/10L/12L/15L 
Current *2 I MB84256A-70LL/10LL/12LL/15LL 
Data Retention Setup Time 
Operation Recovery Time 

Note: *1 CS~VDR-0.2V 
*2 VDR=3.0V, CS~VDR-0.2V 
*3 VDR=3.0V, TA=40DC 

DATA RETENTION TIMING 

DATA RETENTION 

Symbol 

VDR 

!DR 

tDRS 
tR 

Data Retention Mode 

VCC 

Min Typ Max 

2.0 5.5 
1.0 

1.0 50 
1.0 5.0 * 

0 
tRC 

rt:~:J-----------~------------t~ tR ~ 
--r-r--r-:%---, CS~VDR-O. 2V jr---~--:1:--T"-r-<-
77712.2;- 2.2V }\\\ 

Unit 

V 
mA 

J.IA 

ns 
ns 

3-31 



8111111111 MB84256A-70/70l/70ll 
FUJITSU MB84256A-IO/IOl/IOl-l 

MB84256A-12/12l/12ll 
0101161111111 MB84256A-15/15l/15ll 

PACKAGE DIMENSIONS 

28-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-28P-M02) 

I 
.543 •. 010 

INDEX 

I~========::::~==:::;~==========~IJ~'" 
1------1.407::~~~135.73:~:~)-----l1 

.100(2.54) I 
TYP 

.062(1.58)MAX 

e> 1985 FUJITSU LIMITED D28005S·2C 
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.600115.24)TYP 

Dimensions in 
inches (millimeters) 



UI!Dlmmmm 
FUJITSU 
1D!i!~lllnll~1 

MB84256A-70j70Lj70LL 
MB84256A-I0/I0L/I0Ll 
MB84256A-12/12L/12LL 
MB84256A-15/15l/15LL 

PACKAGE DIMENSIONS 
Suffix: P-SK 

28-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-28P-M04) 

,::,:~: :~,,:cr:M:': : : :0: : )s·~~ 
I 1.392~:~~~(3S.36~~:;) I 

.034~OOI2 (0.86~g·3) I 

~======::;l~ls. MAX 

.010t.002 
(0.2S<0.OS) 

.300(7.62)TYP 

.1OO(2.S4) I 
TYP 

~.207(5.2S)MAX 
=P.11813.0)MIN 

.02010.51 )MIN 

01986 FUJITSU LIMITED D28018S·2C Dimensions in 
inches (millimeters) 
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MB84256A-70/70L/70LL 
MB84256A-IO/IOL/IOLL 
MB84256A-12/12L/12LL 
MB84256A-15/15L/15LL 

PACKAGE DIMENSIONS 

28-LEAD PLASTIC FLAT PACKAGE 
. (CASE No.: FPT-28P-M02) 

1 

~'00811 
(8.6.0.2) 

~dffin=IN=rDrE;;Xm=rr=n=TFn=rr=nm=rTt I ';':r 
.669+.010 (17.75+0.25 ) 

-.008 -0.2 I 

e 1987 FUJITSU LIM ITED F2801 lS·2C 
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O(O)MIN 
(STAND OFF) 

.402'.012 

~~J'" 
.006 •. 002 

(0.15.0.05) 

_ .110(2.8)MAX 

View"A" 

.008(0.18) 
MAX 

.027(0.68) 
MAX 

Dimensions in 
inches (millimeters) 



TS258-C89Y 
Nov. 1989 

MB84F256-25 
DATA SHEET 

cO 
FUJITSU 

CMOS 256K BIT LOW POWER SRAM 
32,768-WORD x 8-BIT FULL CMOS STATIC RANDOM 

ACCESS MEMORY WITH DATA RETENTION 

The Fujitsu MB84F256 is a 32,76B-word by 8-4>it static random access memory. Fabricated 
with full CMOS circuit, MB84F256 realizes extremely low data retention current compared with 
that of MB84256, which can allows MB84F2S6 to use non-volatile memory using a back up 
battery. 

The MB84F256 has 600mil 2B-pin plastic DIP package and 28-pin plastic SOP package as 
package option. 

The device suits for application where, low and wide supply voltage and low power 
comsumption are required. 

• Organization: 32,768 words x 8 bits 
• Static operation: No clocks or refresh required 
• Fast access time: 

250ns max. @Vcc=5V 
2000ns max. @Vcc=3V 

• Low power comsumption: 
Vcc=3V: 5.0~A (CMOS standby) 

0.5mA (TIL standby) 
20mA (Active) 

Vcc=5V: 10~ (CMOS standby) 
2mA (TIL standby) 
40mA (Active) 

• Data retention voltage: 2.0V min. 
• Full CMOS 
• 600 mil width 28-pin plastic DIP package (Suffix: -P) 
• 450 mil width 28-pin plastic SOP package (Suffix: -PF) 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 

Rating Symbol 

Supply Voltage Vcc 

Input Voltage on any pin with to GND VIN 

Output Voltage on any pin with to GND VIJO 

Power Dissipation Po 

Output Current lOUT 

Temperature under Bias TSIAS 

Storage Temperature TSTCl 

Value Unit 

-{l.5 to +7.0 V 

-{l.5 to VCC+0.3 V 

-{l.S to VCC+0.3 V 

1.0 W 

±20 mA 

-IOta +85 °c 
-40 to +125 °c 

NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratlnljls are exceeded. Functional operation should be restricted to the 
condi~ons as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability . 

Copyrigh'© 1989 FUJITSU LIMITED 

A14 

A12 

A7 

A6 

A5 

A4 

A3 

A2 

AI 

AO 

1101 
1102 
1103 
GND 

PLASTIC PACKAGE 
FPT-28P-M02 

PLASTIC PACKAGE 
DIP-28P-M02 

PIN ASSIGNMENT 

(TOP VIEW) 

VCC 

WE 
A13 

A8 

A9 

All 

or: 
Al0 

Cs 
1108 
1107 
1106 
1105 
1104 

This device contains circuitry to protect the Inputs against 
damage due to high static wltages or electric fieSds. 
However, It Is advised that nomal precautions be taken to 
avoid application of any voltage higher than maxirrum rated 
voltages to this high lfTll8dance cIICUIt. 
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Fig. 1 - MB84F256 BLOCK DIAGRAM 

A3 
A4 
AS 
A6 ADDRESS 

~~ BUFFER 

A12 
A13 
A14 

CS 

AD 
Al ADDRESS 
A2 BUFFER A9 
A10 
All 

CS 

OE" 
BUFFER 

WE' 

CS 

"CS --J>o-@) 

TRUTH TABLE 
~ ITt 

_H X 
L H 
L L 
L X 

WE' 
X 
H 
H 
L 

ROW 
DECODER 

512 x 64 x 8 
MEMORY CELL ARRAY 

I/O GATE & 
COLUMN DECODER 

DATA I/O BUFFER 

1/01 1/03 1/05 1/07 
1/02 1/04 1/06 1/08 

MODE sUppLy I/O PIN CURRENT 
Not Selected ISB High-Z 
DOUl DlSable ICC High-Z 
Kead lL;L; UUUI 
Wrlte lL;l U1N 

CAPACITANCE (TA=2S0C. f=lHHz) 

Parameter' Symbol Min Typ Max 

110 Capacitance (VI/O=OV) ClIO 8 
Input Capacitance (VIN-OV) eIN 7 
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--oGND 

CS 

Unit 
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MB84F256-25 

RECOMMENDED OPERATING CONDITION 
(Referenced to GND) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage VCC 2.2 3.0 3.6 V 4.0 5.0 5.5 
Ambient Temperature TA 0 70 C 

DC CHARACTERISTICS 
(RecODDDended operating conditions otherwise noted.) 

Supply 
Parameter Symbol Voltage Min Max Unit Condition 

VCC (V) 

ISBI 2.2V to 3.6V 5.0 pA CS~VCCxO.9V 4.0V to 5.5V 10.0 Standby Supply 2.2V to 3.6V 0.5 ISB2 4.0V to 5.5V 2.0 mA CS=VIH 

Active Supply rCC1 2.2V to 3.6V 5.0 mA VIN=VIH or VIL 
Current 4.0V to 5.5V 10.0 IOUT=OmA, CS=VIL 
Operating Supply ICC2 2.2V to 3.6V 20.0 mA Cycle=Min 
Current 4.0V to 5.5V 40.0 Duty=100%,IOUT=OmA 
InputnLeakage ILl 2.2V to 3.6V 0.5 

lolA VlN=OV to VCC Current 4.0V to 5.5V 1.0 
Output Leakage 

ILl/O 2.2V to 3.6V 0.5 
lolA 

VI/O-O to VCC,CS=VIF 
Current 4.0V to 5.5V 1.0 OE=VlH or WE=VlL 
Input High VIH 2.2V to 3.6V VCCxO.8 VCC+0.3 V Voltage 4.0V to 5.5V 2.2 VCC+0.3 
Input Low VIL 2.2V to 3.6V 0.3 0.3 V Volta&e 4.0V to 5.5V -0.3 0.6 
Output High 

VOH 2.2V to 3.6V 2.0 V IOH--0.5mA 
Voltage 4.0V to 5.5V 2.4 IOH- 1.0mA 
Output Low VOL 2.2V to 3.6V 0.3 V IOL- 1.0mA 
Voltage 4.0V to 5.5V 0.4 IOL- 2.1mA 

Note: All voltages are referenced to GND. 
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MB84F256-25 

AC CHARACTERISTICS TEST CONDITIONS 

Parameter 

Input Pulse Leve"! 

Input Pulse 
Rise & Fall Times 

Timing Reference 
Level 

Output 

3-38 

Load 

DOUT 
(I/O) 

Supply Voltage Conditions VCC (V) 
2.2V to 3.6V VIH=VCC, VIL-OV 
4.0V to 5.5V VIH-2.4V VIL-O.5V 
2.2V to 3.6V 5 ns (Transient between O.3V and VCCxO.8) 
4.0V to 5.5V 5 ns (Transient between O.7V.and 2.2V) 

2.2V to 3.6V Input: VIH=VCCxO.8, VIL-O.3V 
Output: VOH=VCCxO.7 VOL=O.4V 

4.0V to 5.5V Input: VIH=2.2V, VIL-O.7V 
Output: VOH=2.2V, VOL=O.8V 

2.2V to 3.6V VL-3.0V 
4.0V to 5.5V VL=5.0V 

Fig. 2 - AC TEST CONDITIONS 

VL 

Rl 

R2 

* Including Jig and stray capacitance. 

Parameters Measured 
exce t tCLZ tOLZ, tCHZ, tOHZ, tWLZ and tWHZ 
tCLZ, tOLZ, tCHZ, tOHZ tWLZ and tWHZ 



MB84F256-25 

AC CHARACTERISTICS 
(Recommended operating conditions otherwise noted.) 

READ CYCLE *1 
VCC= vcc= 

Parameter Symbol 2.2V to 3.6V 4.0V to 5.5V Unit 
Min Max Min Max 

Read Cycle Time tRC 2000 250 ns 

Address Access 
tAA 2000 250 Time *2 ns 

CS Access Time *3 tACS 2000 250 ns iii 
Output Enable to tOE 500 100 ns Output Valid 
Output Hold from tOH 100 50 ns Addresss Change 
CS to Output Low-Z tCLZ 70 30 ns *4*5 
Output Enable to tOLZ 100 20 ns Output Low-Z *4*5 
CS to Output High-Z tCHZ 40 100 5 50 ns *4*5 
Output Enable to tOHZ 100 50 Output High-Z *4*5 

ns 

Note: *1 WE is high for Read cycle. 
*2 Device is continuously selected, CS=OE=VIL. 
*3 Address valid prior to or coincident with CS transition low. 
*4 Transition is measured at the following points from steady state voltage . 

• VCC=2.2V to 3.6V: ±200mV 
• VCC=4.0V to 5.5V: ±500mV 

*5 This parameter is specified with Load 2 in Fig. 2. 
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READ CYCLE TIMING DIAGRAM *1 

READ CYCLE 1: ADDRESS CONTROLLED *2 

DOUT PREVIOUS DATA Vruof X X DATA VALID 

READ CYCLE Z: CS CONTROLLED *3 

ADDRESS _~-__ : =_--=-~tAA~-=-~= ___ tRC ____ ~q_ 

DOUT 
Undenfined 

Note: *1 it is high for Read cycle. 
*2 Device is continuously selected, CS=nt=VIL. 
*3 Address valid prior to or coincident with CS transition low. 
*4 Transition is measured at the following points from steady state voltage . 

• VCC=2.2V to 3.6V ±200mV 
• VCC=4.0V to 5.5V ±500mV 

*5 This parameter is spec fied with Load 2 in Fig. 2. 
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AC CHARACTERISTICS 
(Recommended operating conditions otherwise noted.) 

WRITE CYCLE *1*2 
VCC= vcc-

Parameter Symbol 2.2V to 3.6V 4.0V to 5.5V Unit 
Min Max Min Max 

Write 'Cycle Time *3 tWC 2000 250 ns 

Address Valid to tAC 1500 200 End of Write ns 

Chip Select to tCW 1500 200 ns End of Write 
Data Valid to tDW 800 100 End of Write ns 

Data Hold Time tDH 0 0 ns 

Write Pulse Width tWP 1000 150 ns 

Address Setup Time tAS 0 0 ns 

Write recovery Time tWR 0 0 *4 ns 

WE 
to Output Low Z 

tWLZ 30 10 
*5*6 

ns 

WE to Output High-Z tWHZ 100 50 *5*6 
ns 

Note: *1 If DE, CS are in the READ Mode during this period, I/O pins are in the 
output state so that the input signals of opposite phase to the outputs 
must not be applied. 

*2 If CS goes high simultaneously with WE high, the output remains in high 
impedance state. 

*3 All write cycle are determined from last address transition to the first 
address transition of the next address. 

*4 tWR is defined from the end point of WRITE Mode. 
*5 Transition is measured at the following points from steady state voltage . 

• VCC=2.2V to 3.6V: ±200mV 
• VCC=4.0V to 5.5V: ±500mV 

*6 This parameter is specified with Load 2 in Fig. 2. 
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MB84F256-25 

AC CHARACTERISTICS 
(Recommended operating conditions otherwise noted.) 

WRITE CYCLE TIMING DIAGRAM *1*2 

WRITE CYCLE 1: WE CONTROLLED 

tWC 

ADDRESS 

tAW tWR 

te"------- tCW -------""'1 J.--r--r-/"C,.--::,.......,..--,-

-------i-.....-, '"'0----- tWP ---""'I J.--------

tDW--~ 

DIN HIGH-Z DATA VALID 
tWHZ 

DOUT HIGH-Z 

~ : Undenfined 

Note: *1 If'OE, CS are in the READ Mode during this period, I/O pins are in the 
output state so that the input signals of opposite phase to the outputs 
must not be applied. 
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*2 If CS goes high simultaneously with WE high, the output remains in high 
impedance state. 

*3 All write cycle are determined from last address transition to the first 
address transition of the next address. 

*4 tWR is defined from the end point of WRITE Mode. 
*5 Transition is measured at the following points from steady state voltage. 

o VCC=2.2V to 3.6V: ±200mV 
• VCC=4.0V to 5.5V: ±500mV 

*6 This parameter is specified with Load 2 in Fig. 2. 



MB84F256-25 

AC CHARACTERISTICS 
(Recommended operating conditions otherwise noted.) 

WRITE CYCLE TIMING DIAGRAM *1*2 

WRITE CYCLE 2: CS CONTROLLED 

tWC 

ADDRESS ~ M 
I 

tAW 

~ tCW jE-tWR -hi V 
I 

tWP 

"'-"'-"'-" "'-"'-"'-'\ V//////// 

HIGH Z 
~_ tDW -- ~tDH --+j 

HIGH Z 
tCLZ tWHZ DATA VALID DIN 

DOUT HIGH Zlx~ HIGH Z 

~ : Undenfined 

Note: *1 If OE, CS are in the READ Mode during this period, I/O pins are in the 
output state so that the input signals of opposite phase to the outputs 
must not be applied. 

*2 If CS goes high simultaneously with WE high, the output remains in high 
impedance state. 

*3 All write cycle are determined from last address transition to the first 
address transition of the next address. 

*4 tWR is defined from the end point of WRITE Mode. 
*5 Transition is measured at the following points from steady state voltage . 

• VCC=2.2V to 3.6V: ±200mV 
• VCC=4.0V to 5.5V: ±500mV 

*6 This parameter is specified with Load 2 in Fig. 2. 
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MB84F256-25 

DATA RETENTION CHARACTERISTICS 
(ReCOlllDellded operating conditions otherwise noted.) 

Parameter 

Data Retention Supply Voltage *1 

Data Retention Supply Current *2 

Data Retention Setup Time 

Operation Recovery Time 

Note: *1 VDR+0.3~CS~VDRxO.9 

*2 VDR=1.8V, VDR~CS~VDRxO.9 
*3 tRC: Read Cycle 

DATA RETENTION TIMING 

DATA RETENTION 

Symbol 

VDR 

IDR 

tDRS 

tR 

Data Retention Mode 

VCC 

Min Max Unit 

1.1 5.5 V 

1.0 llA 

0 ns 

tRC *3 ns 

VrC7~J-----------~~---------jt·:~ ~ 
--"7--r--r-±---.. VDR+O. 3~CS~VDRxO . 9V _rlr------:l::-~-..--.....-~ 
ZZZ1vccx~. 8V* VCCxO. 8V*T'\\\ 

* VIH=2.2V min. at VCC=4.0V to 5.5V 
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MB84F256-25 

PACKAGE DIMENSIONS 
(Suffix: P 

INDEX 

.100(2.54) I 
TYP 

01988 FUJITSU LIMITED D28OO6S-2C 

28-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-28P-M02) 

.600(15.24)TYP 

Dimensions n 
inche& (millimeters) 
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MB84FZ56-Z5 

PACKAGE DIMENSIONS 

28-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-28P-M02) 

"A" 

1----.650116.51) REF----l 

.. 1998 FUJITSU LIMITED F28011~ 
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.11012.80) MAX 

ISEATED HEIGHT) 

CliO) MIN 

ISTAND OFF) 

.402±.012 
110.20±O.30) 

""'-.--+ .031 ± .008 
10.80±0.20) 

II .006±.002 
10.lS±0.OS) 

r -D-;~ils ~f'i':-part - -: 

.00710.18) 
MAX 

I 
I 

.02710.68) I 

MAX I ____________ J 

Dimensions in 
inches (mllilTl8lers) 



IIIIIIIIIIIIIIIIIIIIIIIIIIIIII~~~~~~~~~~~~ 
fUJITSU CMOS L048.576-BIT STATIC MB841000-80/80L 

MB841000-10/10L 
RANDOM ACCESS MEMORY MB841000-12/12L 

1111I1I1II11I1I11II1I11I1I1I1I~~~~~~~~~~~d 
TS279-A89X 
Oct. 1989 

1M-BIT (131,072x8) CMOS STATIC RANDOM ACCESS 
MEMORY WITH DATA RETENTION AND LOW POWER 

The Fujitsu MB841000 is a l3l,072-word x 8-bit static random 
access memory fabricated with a CMOS sillicon gate process. 
The memory utilizes asynchronous circuitry and may be main
tained in any state for an indefinite period of time. All 
pins are TIL compatible, and a single +5V power supply is 
required. 

The MB841000 is ideally suited for use in microprocesser 
systems and other applications where fast access time and 
ease of use are required. All devices offer the advantages 
of low power dissipation, low cost and high performance. 

• Organization: 131,072 x 8 bits 
• Fast access time: 80 ns max. (MB841000-80/80L) 

100 ns max. (MB84l000-l0/l0L) 
120 ns max. (MB841000-12/12L) 

• Complete static operation: No clock required 
• TIL compatible inputs/outputs 
• Three state outputs 
• Single +5V ±10% power supply 
• Low power standby : 

CMOS level: 5.5 mW max. (MB841000-80/10/12) 
1.1 mW max. (MB84l000-80L/10L/12L) 

TIL level : 16.5 mW max. (MB841000-80/80L/10/l0L/12/12L) 

• Data retention: 2.0V min. 
• Standard 32-pin DIP (600mil) (Suffix: P) 
• Standard 32-pin FPT (525mil) (Suffix: PF) 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Symbol Value Unit 

VCC -0.5 to +7.0 V 
VIN -0.5 to VCC+0.5 V 
VI 0 -0.5 to VCC+0.5 V 

Bias TBIAS -10 to +85 C 
TSTG -40 to +125 C 

PLASTIC PACKAGE 
(DIP-32P-M01) 

PLASTIC PACKAGE 
(FPT-32P-M03) 

Ne 
Al6 
Al4 
AIZ 

A7 
A6 
AS 
A4 
A3 
AZ 
Al 
AD 

1/01 
I/OZ 
1/03 

GNO 

PIN ASSIGNMENT 

TOP VIEW 

vee 
AIS 
e5Z 
'iI( 
Al3 
AS 
A9 
All 
ilE 
AID 
BI 
l/OS 
1/07 
1/06 
l/OS 
l/OS 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS .are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

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 
application of any voltage higher than maxi
mum rated voltages to this high impedance 
Circuit. 
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RIUIIIIII MB84100D-SO/SOl 
FUJITSU MB84100D-10/10l •• 1_ MB841000-12/1ZL 

Fig. 1 - HB841000 :PLOCK DIAGRAM 

AS 
A6 
A7 
A8 ADDRESS 

BUFFER 
A12 
A13 
A14 • A15 
A16 

CS 

AO 
Al 
A2 
A3 ADDRESS 
A4 BUFFER 

A9 
All 

CS 

OE 
BUFFER 

Wi 

CS 

CS1~ CS 
CS2 
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ROW 
DECODER 

512 x 16 x 8 x 16 
MEMORY CELL ARRAY 

• • 

I/O GATE & 
COLUMN DECODER 

DATA I/O BUFFER 

1/01 1/03 1/05 1/07 
1/02 1/04 1/06 1/08 

-'-<>VCC 

-'-<>GND 

CS 



!~l~~~~~~~~~i!~l~~~! MB841000-80/80L 
FUJ ITSU MB841000-10/10L 
11~~~~I~~~~~II~~~~~! MB841000-12/12L 

RECOMMENDED OPERATING CONDITION (Referenced to GND) 

Parameter Symbol Min Typ 

Supply Voltage vee 4.5 5.0 

Ambient Temperature TA 0 

FUNCTION TRUTH TABLE 

eS1 eS2 DE WE MODE 

H X X X Not Selected 

X L X X Not Selected 

L H H H DOUT Disable 

L H L H Read 

L H X L Write 

CAPACITANCE (TA=25°C. f=1MHz) 

Parameter Symbol Min Typ 

I/O Capacitance (VI/O=OV) CI/O 

Input Capacitance (VIN=OV) CIN 

Max Unit 

5.5 V 

70 °e 

SUPPLY I/O PIN CURRENT 

ISB High-Z 

ISB High-Z 

ICC High-Z 

ICC DOUT 

ICC DIN 

Max Unit 

10 pF 

8 pF 
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MB841000-80/80L 
MB841000-10/10L 
MB841000-12/12L 

DC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 

MBB41000 MBB41000 
Parameter Test Condition Symbol -80/10/12 -BOL/10L/12L Unit 

Min Max Min Max 
CS2S0.2V or 
CS1~VCC-0.2V ISB1 1 0.2 mA Standby ·Supply (with CS2S0.2V 

Current or CS2~VCC-0.2VJ 

CS1=VIH or CS2=VIL ISB2 3 3 mA 

Active Supply VIN-VIH or VIL, 
CS1=VIL, CS2=VIH ICC1 5 5 mA Current IOUT=OmA 

Operating Supply Cyc1e=Min. ICC2 BO BO mA Current Duty=100% IOUT=OmA 
Input Leakage VIN=OV to VCC ILl -1 1 -1 1 'IIA Current 

Output Leakage VI/O-OV to VCC 
CS1=VIH or CS2=VIL ILI/O -2 2 -2 2 'IIA Current or OE=VIH or WE=VIL 

Input High VIH 2.2 VCC+0.3 2.2 VCC+0.3 V Voltage 
Input Low VIL -0.3* O.B -0.3* 0.8 V Voltage 
Output High IOH=-1.0mA VOH 2.4 2.4 V Voltage 
Output Low IOL=2.1mA VOL 0·.4 0.4 V Voltage 

Note: All voltages are referenced to GND. 
*: -3.0V min. for pulse width less than 20 ns. eVIL min. = -0.3V at DC level.) 

Fig. 2 - AC TEST CONDITIONS 

Outpu.t Load • Input Pulse Levels: 0.6V to 2.4V 

DOUT 
(I/O) 

3-50 

+5V 

R1 

1 
CL* r R2 

• Input Pulse Rise & Fall Times: 
5ns (Transient between O.BV and 2.2V) 

• Timing Reference Levels 
Input: VIL=O.BV, VIH=2.2V 
Output: VOL=O.BV, VOH=2.0V 

* Including Jig and stray capacitance 

I I R1 I R2 I CL I Parameters Measured I 
I Load1 I l.BKQ I 990Q I 100pF I except tCLZ, tOLZ tCHZ, tOHZ tWLZ and tWHZ I 
l Load2 J 1. BKQ I 990Q I 5JlF 1 tCLZ, tOLZ, tCHZ, tOHZ, tWLZ and tWHZ I 



MB841000-80/80L 
MB841000-10/10L 
MB841000-12/12L 

AC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 

READ CYCLE *1 

Parameter Symbol MBS41000-S0/S01 MBS41000-10/101 MBS41000-1'2/121 Unit 
Min Max Min Max Min Max 

Read Cycle Time tRC SO 100 120 ns 

Address Access Time tAA SO 100 120 ns 

CSl Access Time tACI SO 100 120 ns 

CS2 Access Time tAC2 SO 100 120 ns 

Output Enable to tOE 35 40 50 ns Output Valid 
Output Hold from tOH 10 10 10 ns Address Change 
Chip' Select to tCLZ 10 10 10 ns Output Low-Z ~t2*3 

Output Enable to tOLZ 5 5 5 ns Output Low-Z *2*3 
Chip Select to tCHZ 30 35 40 ns Output High-Z *2*3 
Output Enable to tOHZ 30 35 40 ns Output High-Z *2*3 

Note: *1 WE is high for Read cycle. 
*2 Transition is measured at the point of ±500mV from steady state voltage. 
*3 This parameter is specified with Load 2 in Fig. 2. 
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MB841000-80/80l 
MB841000-10/10l 
MB841000-12/12L 

AC CHARACTERISTICS {Recommended operating conditions unless otherwise noted.} 

READ CYCLE TIMING DIAGRAM *1 

READ CYCLE I: ADDRESS CONTROLLED *2 

ADDRESS tt-t-OH-~---tA-A--t_R_C::::~::!::::::::::::::::::::::::::::~.",===== 

PREVIOUS DATA V.u.n1< X X DATA VALID DOur 

READ CYCLE 2: CS1, CS2 CONTROLLED *3 

ADDRESS _Jt+--_E ==_tRC -=-=~q_ 
11-._:--- tAA---~ 

CS2 

DOur 

~ : Undefined 

Note: *1 WE is high for Read cycle. 
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*2 Device is continuously selected, CS1=OE=VI~ CS2=VIH. 
*3 Address valid prior to or coincident with CS1 transition low, CS2 transi

tion high. 
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MB841000-80/80L 
MB841000-10/10L 
MB841000-12/12L 

AC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 

WRITE CYCLE *1*2 

Parameter Symbol MB841000-80/801 MB84l000-l0/l0I MB841000-l2/l2I Unit 
Min Max Min Max Min Max 

Write Cycle Time *3 tWC 80 100 120 ns 

Address Valid to tAW 60 80 85 End of Write ns 

Chip Select to tCW 60 80 85 ns End of Write 
Data Valid to tDW 30 40 45 End of Write ns 

Data Hold Time tDH 0 0 0 ns 

Write Pulse Width tWP 50 60 70 ns 

Address Setup Time tAS 0 0 0 ns 

Write Recovery tWR 5 5 5 ns Time '/'4 
Write Enable to tWLZ 5 5 5 Output Low-Z *5*6 ns 

Write Enable to tWHZ 30 35 40 Output High-Z *5'/'6 ns 

Note: *1 If OE, CSI and CS2 are in the READ Mode during this period, I/O pins are 
in the output state so that the input signals of opposite phase to the 
out~ts must not be applied. 

*2 If CSl goes high or CS2 goes low simultaneously with WE high, the output 
remains in high impedance state. 

*3 All write cycle are determined from last address transition to the first 
address transition of the next address. 

*4 tWR is defined from the end point of WRITE Mode. 
*5 Transition is measured at the point of ±500mV from steady state voltage. 
*6 This parameter is specified with Load 2 in Fig. 2. 
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MB841000-80/80L 
MB841000-10/10L 
MB841000-12/12L 

AC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 

WRITE CYCLE TIMING DIAGRAM *1*2 

WRITE CYCLE 1: WE CONTROLLED 

ADDRESS 

CS2 

DIN 

DOUT 

K:8J : Undefined 

Note: *1 I~ OE, CSI and CS2 are in the READ Mode during this period, I/O pins are 
in the output state so that the input signals of opposite phase to the 
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out~ts must not be applied. __ 
*2 If CSI goes high or CS2 goes low simultaneously with WE high, the output 

remains in high impedance state. 



MB841000-80/80l 
MB841000-10/10l 
MB841000-12/12l 

AC CHARACTERISTICS (Recommended operating conditions nnless otherwise noted.) 

WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE 2: CS1 CONTROLLED *1 

ADDRESS 

CS2 

DIN 

DOUT 

K:ZI : Undefined 

Note: *1 If DE, CS2 and WE are in the READ Mode during this period, I/O pins are 
in the output state so that the input signals of opposite phase to the 
outputs must not be applied. 

3-55 



1i1!1!lililllli!i! MB841000-80/80l 
FUJ ITSU MB841000-10/10l 
1I1~li~li~i~!I!1I MB841000-12/12l 

AC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 

WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE 3: CS2 CONTROLLED *1 

tWC 

ADDRESS 3 M 
tAW 

// ////////////////// //// V/// 
tCW 

CS1 "" " " '\ V//// /// 
~ tCW tWR 

CS2 r--
tWP 

"""" r'\ " " '\ 
/////// 

r-=--:-_ tDW - tDH-"""1 
HIGH Z DATA VALID HIGH Z DIN 

tCLZ tWHZ 

HIGH-Z ~ x"Xl> HIGH-Z 
DOUT 

~ : Undefined 

Note: *1 If OE, CS1 and WE are in the READ Mode during this period, I/O pins are 
in the output state so that the input signals of opposite phase to the 
outputs must not be applied. 
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MB841000-80/80L 
MB841000-10/10L 
MB841000-12/12L 

DATA RETENTION CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Symbol Min 

Data Retention Supply Voltage VDR 2.0 

Data Retention I MB841000-80/10/12 IDR Supply Current *1 I MB841000-80L/10L/12L 

Data Retention Setup Time tDRS 0 

Operation Recovery Time *2 tR tRC 

Note: *1 VCC=VDR=3.0V 

Typ 

CS1~VDR-O.2V, CS2~VDR-0.2V or CS2~0.2V (at CS1 CONTROLLED) 
CS2~0.2V (at CS2 CONTROLLED) 

*2 tRC: Read Cycle Time 

DATA RETENTION TIMING 

CSl CONTROLLED 

Data Retention Mode 

VCC 4. 5jv "~ _______ m_'{P'?m _________ j0v 

Max 

5.5 

0.5 
0.1 *2 

r '""s LtR~ 
--,.--r-,--=lz-----. CSl~VDR-O. 2V _r--+--
222!12.2V' 2.2V T@ 

CS2 CONTROLLED 

VCC 

CS2 

Unit 

V 

rnA 
rnA 

ns 

ns 
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MB841000-80/80l 
MB841000-10/10l 
MB841000-12/12l 

PACKAGE DIMENSIONS 
(Suffix: P) 

32-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(Case No.: DIP-32P-MOI) 

.032~g12 

(0.82~g·30) 

.050(1.27) 

MAX 

.100(2.54) 
TYP 

© 1988 FUJITSU LIMITED D32007S-1 C 

3-58 

.018~:gg~ 

(0.45~g:6~ 

-,----.."..IiIiiiIiiiil==+ 1 5' MAX 

.Q10~:886.. 

(0.25~g:6jl 

Dimensions in 
inches (millimeters) 



i!~i~II~~III~~II~~11 MB841000-80/80l 
FUJ ITSU MB84100D-IO/IOl 
1!~lllilll~I~I~IIIII! MB841000-12/12l 

PACKAGE DIMENSIONS 
(Suffix: PF) 

32-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-32P-M03) 

o r o 

hpore~nnn2nnnn~ I ,=1=004(0.10) I 
. .750(19.05) REF 

01989 FUJITSU LIMITED F32008S-2C 

.00e>.002 
(0.20>0 OS) 

.098 MAX 
.5 

Dimensions in inches 
(millimeters 
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Section 4 

Application Specific SRAMs - At a Glance 
Maximum 

I 
Access Package 

Page Device Time (ns) Capacity Options 

4--{)3 MOO1C51-25 25 2048 bits 64-pin Ceramic PGA 
-30 30 512 x 4-way or 

1024 x 2-way 
4-19 MOO 1 C79B--35 35 73728 bits 28-pin Plastic DIP, FPT 

-45 45 (8192wx9b) 

4-.'31 MOO279RT -20 20 73728 bits 32-pin Plastic DIP, FPT 
-25 25 (B192w x 9b) 

4-43 MOO2B7-25 25 262144 bits 32-pin Plastic DIP, FPT lEI -.'l5 35 (3276Bw x Bb) 

4-.55 MOO421-90/L 90 163B4-bits 4B-pin Plastic DIP 
-12/L 120 (204Bw x Bb) 52-pin Plastic DIP 

MBB422-90/L 90 54-pin Plastic FPT 
-12/L 120 

4--09 MOO431-90IULL 90 153B4-bits 4B-pin Plastic DIP 
-12/ULL 120 (204Bw x 8b) 52-pin Plastic DIP 

MBB432-90IULL 90 54-pin Plastic FPT 
-12/ULL 120 
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CMOS TAG RANDOM 
ACCESS MEMORY 

CMOS TAG RANDOM ACCESS MEMORY 

The Fujitsu MB81C51 Is 512 entry x 4 way/l024 entry x 2 way TAG Random Access 
Memory (TAG RAM) fabricated with a CMOS teohnology. 

MB81 C51 has been developed aiming to be used In an easily handled cache system with 
the other DATA RAMs (ex. MB81C79A). Especially this device offers the advantages on 
designing compact and high performance cache system which will be used In a system 
adopting 32-blt CPU. 

• Organization: 512 Entry x 4 Way or 
1024 Entry x 2 Way 

• Fast acoess time: 25/30 ns max from Address Inputs 
18 n8 max from Compare Data Inputs 

• Power Consumption: 1100mW max. 

• Single +5 V supply ±10,," tolerance 

• TTL compatible Inputs and outputs 

• LRU (Least Recently Used) Replacement LogiC 

• Purge Function (All-purge & Partial-purge) 

• Internal Parity Generator/Checker 

• 64 pin Pln-Grld-Array (Suffix: CR) 

• 68 pin Plastic LCC (Suffix: PO) 

ABSOLUTE MAXIMUM RATINGS (See NOTE 

Rating Symbol Value Unit 

Supply Voltage Vcc -0.5 to +7.0 V 

Input Voltage on any pin with VIN -3.0 to +7.0 V 
respect to GND 

Output Voltage on any pin with VOUT -0.5 to +7.0 V 
respect to GND 

Output Current lOUT ±20 mA 

Power Dissipation Po 1.5 W 

Temperature under Bias TBIAS -10 to +85 ·C 

Ceramic -65 to +125 ·C 

Storage Temperature TSTG 
·C Plastic -45 to +125 

NOTE: Permanent device damage may occur If the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed In the operational sections of this data sheet. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 

Copyright @ 1988 FWITSU LIMITED 

MB81C51-25 
MB81C51-30 

November 1988 
Edition 1.0 

LCC-68P-M02 

(PLASTIC PACKAGE) 

PGA-64C-A02 

(PIN GRID ARF'lAY) 

This device contains circuitry to protect the 
Inputs against damage due to high static 
voltages Of 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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FUJITSU MB81C51-25 

~111~ml~III~OOIIII~IIIOOIII MB81 C51-30 
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• BUFFER 

• & 
DECODER • 

• 
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• 
0-
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DATA 
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A 
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GENE-

\r D RATOR 

A 
T 
A 

TOO 0-

• 
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• DATA 

• BUFFER f---

• 
TD19 0-
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Fig. 1 - MB81C51 BLOCK DIAGRAM 1 

ENTRY 
t-- PURGE -0 PU t-- BUFFER 

.. ;.. 
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~ 
~ --"'. - GND 

y MEMORY CELL MEMORY CELL A 

512 ENTRY Vt- 512 ENTRY I'r-X 23 BIT X 6 BIT 
X4 WAY 
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y 

REPLACE INFO. 
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COM"',,"' ~ I ~ 
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NEW LRU DATA 
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MPX & 
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HIT IRE PLACE 
INFO. 

"'" 
;.. 

OUTPUT CONTROL 

~ 
PARITY ERROR 



Fig. 2 - MB81C51 BLOCK DIAGRAM 2 

TOO - TD19 

20 

COMPARE 
88 & VALIDITY 

CHECK 

AO - AS 

6 

SET(}------------~~--~l 

RLATCH SBO SBl SBLK 

CAPACITANCE (TA = 25°C f = 1 MHZ) . 
Parameter Symbol Typ 

Input Capacitance (VIN = OV) CIN 

MB81C51-25 
MB81C51-30 

MHENBL Vee EXTH 

H!R 

11111111111111!lllll!IIII!11111111111111!11!1!1,,!III!1111111 

FUJITSU 

MHiT 

HiT 

HITOI 
REPO 

HIT1! 
REP1 

HIT21 
REP2 

HIT31 
REP3 

HCO! 
RCO 

HC11 
RCl 

PeAR 

Max Unit 

10 pF 
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MB81C51-25 
MB81C51-30 

PIN FUNCTION 
Pin No. Function 

1 N.C. 

2 MHIT 

3 HITO/REPO 

4 HIT2/REP2 

5 HIT3/REP3 

6 TOO 

7 T02 

8 EXTH 

9 MHENBl 

10 N.C. 

11 T07 

12 T08 

13 T010 

14 TOll 

15 T012 

16 T014 

17 T016 

18 T018 

19 N.C. 

20 N.C. 

21 Al 

22 A3 

4-6 

PIN ASSIGNMENT 
64 PIN PIN GRID ARRAY(PGA-64C-A02) 

BOTTOM VIEW 

Pin No. Function Pin No. Function 
23 A4 45 T06 

24 AS 46 T09 

25 A7 47 Vee 

26 A9 48 T013 

27 N.C. 49 T015 

28 N.C. 50 T017 

29 PINV 51 T019 

30 SBlK 52 AO 

31 SBl 53 A2 

32 INH 54 GNO 

33 INVl 55 AS 

34 SET 56 A8 

35 H/R 57 PURGE 

36 HIT 58 MODE 

37 HCO/RCO 59 VINV 

38 HC1!RCl 60 SBO 

39 HIT1/REPl 61 Vee 

40 GNO 62 WRITE 

41 TDl 63 RlATCH 

42 T03 64 PERR 

43 T04 

44 TD5 



MB81C51-25 FUJITSU 
MB81C51-30 

PIN ASSIGNMENT 68 PIN PLCC(PLASTIC LEAD CHIP CARRIER) 

nnnnririnnnnnnnnnnn 
10 C P 60 

11C P 59 

12 C 0 P 58 

13 C P 57 

14 C psa 
15 C P55 
16 C P54 
17 C P53 
18 C D52 
19 C ::J 51 

20 C ::J 50 

21 C ::J 49 

22C 0 ::J 48 

23 C ::J 47 

24 C ~46 
25 C D45 
26 C ::J44 

~nHHH~ ~~!;l ~ ~ ~n~ ~ ~ ~ ~ ~ 
TOP VIEW 

PIN FUNCTION (continued) 
Pin No. Function Pin No. Function Pin No. Function 

1 GND 24 TD17 47 PINV 

2 TDO 25 TD18 48 SBLK 

3 TD1 26 TD19 49 SBO 

4 TD2 27 N.C. 50 SB1 

5 TD3 28 N.C. 51 INH 

6 EXTH 29 N.C. 52 Vee 

7 TD4 30 AO 53 INV 

8 N.C. 31 A1 54 WRITE 

9 N.C. 32 A2 55 SET 

10 MHENBL 33 A3 56 RLATCH 

11 TD5 34 A4 57 H/R 

12 TD6 35 GND 58 PERR 

13 TD7 36 A5 59 HIT 

14 TD8 37 A6 60 HCO/RCO 

15 TD9 38 A7 61 N.C. 

16 TD10 39 A8 62 N.C. 

17 TD11 40 A9 63 HClIRC1 

18 Vee 41 N.C. 64 MHIT 

19 TD12 42 N.C. 65 HITO/REPO 

20 TD13 43 N.C. 66 HIT1/REP1 

21 TD14 44 PURGE 67 HIT2/REP2 

22 TD15 45 MODE 68 HIT3/REP3 

23 TD16 46 VINV 

4-7 
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FUo1lTSU 

111111111!llillllllllll!IIII!IIII:lll:!111111!11111: 

MB81C51-25 
MB81C51-30 

PIN DESCRIPTION 
OUTPUTS HIT HIT OUTPUT. "NOR" OF HITO TO HIT3 

HCn/RCn CODED OUTPUTS OF HIT OR REPLACE INFORMATION In: 0 - 1 ) 

HITn/REPn UNCODED OUTPUTS OF HIT OR REPLACE INFORMATION In: 0 - 3 ) 

PERR PARITY ERRQR 

MHIT HIT OUTPUT MODIFIED BY MHENBL AND EXTH 

INPUTS 
MODE MODE SELECTION 

MODE: 1 : 512 Entry x 4 Way 
MODE : 0 : 1024 Entry x 2 Way 

AO-A9 ADDRESS INPUTS IA9 Is not used for 4 way) 

TDO-19 TAG INFORMATION INPUTS 

PURGE ALL-PURGE TIMING PULSE 

INVL PARTIAL-PURGE. V-BIT FORCED TO "0". 
LRU IS REVERSIVELY UPDATED 

SBLK ENABLE WAY-SELECTION EXTERNALLY AT REPLACEMENT AND INVALIDATION 

SBO, SB1 EXTERNAL WAY-ADDRESS INPUTS 

WRITE WRITE CYCLE SIGNAL 

SET TIMING PULSE 
Write: Registrate TAG, V-bit "H", LRU update 
Read : LRU updated 
PARTIAL PURGE; LRU reversively update, V-bit "L" 

INH ALL FUNCTIONS EXCEPT PURGE ARE INHIBITED 

H/R OUTPUT SELECTION 
H/R : 1 : Hit Information 
H/R : 0 : Replace Information 

RLATCH LATCH CONTROL FOR REPLACE INFORMATION 

PINV USE FOR "TESTING" ONLY IGENERALLY "W) 

VINV USE FOR "TESTING" ONLY IGENERALLY "W) 

MHENBL ENABLE MHIT OUTPUT 

EXTH FORCE MHIT OUTPUT TO "L" 

FUNCTION TABLE 
1) BASIC FUNCTION (Any combination except below are inhibited.) 

Input TAG Info. Control Info. LRU 

INH PURGE SET WRITE INVL TAG P bit V bit LRU Function Mode 

L H X X X N-CNG N-CNG N-CNG N-CNG INHIBIT3 

H H H X X N-CNG N-CNG N-CNG N-CNG TAG READ 

H H 1f H H N-CNG N-CNG N-CNG N-CNGl TAG READ 
or UP-D 

H H 1f L H TOO to TD19 SET H UP-D TAG WRITE 

X L H X X UNDEFINED UNDEFINED L IAII) INCLZ ALL PURGE 

H H 1f H L N-CNG N-CNG N-CNG/.L2 N-CNG1 PARTIAL PURGE 
or RUP-D 

X : "W or "L" 
N-CNG : No Change INCLZ : INITIALIZE 
UP-D : Up Dated RUP-D : Reverslvely Updated 
1. When SBLK : "L" and no-HIT, then LRU Is no change IN-CNG). 
2. When SBLK: "L" and!!.Q:HIT,.!!:I~!l'y-Bit Is no change IN-CNG). 
3. During INHIBIT mode, HIT and PERR outputs are "H" but the other outputs are "L". 

4-8 



MB81 C51-25 FUJITSU 
MB81C51-30 

2) OUTPUT PIN FUNCTION 
Input Internal Info. 1. 2 Output 

hltO! hltl! hlt2! hit3! HITO! HIT1! HIT2! HIT3! HCO! HCll 3! 
Mode A9 repO repl rep2 rep3 REPO REPl REP2 REP3 RCO RCl Hii' Mode 

H X L L L L L L L L L L H 

H X H L L L H L L L L L L 4 

H X L H L L L H L L H L L W 

H X L L H L L L H L L H L A 

H X L L L H L L L H H H L Y 

L L L X L X L L L L L L H 

L L H X L X H L L L L L L 2 

L L L X H X L L H L L H L W 

L H X L X L L L L L L L H A 

L H X H X L L H L L H L L Y 

L H X L X H L L L H H H L 

X: "H" or "L" 
1. Internal Information. repO to rep3 are determined by on-chip LRU logic when SBLK = "L". When SBLK = "H", the internal 

Information are determined by external signal of SBO & SB1. 
2. Correct operation Is not guaranteed If 2 ways or more become HIT at the same time. 
3. Output of HIT Is valid when H!R = "H". 

3) PARTIAL PURGE (INVL = "L") 
INPUT INTERNAL INFO. PURGE BLOCK SET 

HIT BLOCK --u-
MODE A9 SBLK SBO SBl 0 1 2 3 0 1 2 3 LRU MODE 

H X L X X L L L L - - - - ---
H X L X X H L L L Q - - - RUP-D 4 

H X L X X L H L L - Q - - RUP-D 

H X L X X L L H L - - Q - RUP-D W 

H X L X X L L L H - - - Q RUP-D A 

H X H L L X X X X Q - - - RUP-D Y 

H X H H L X X X X - Q - - RUP-D 

H X H L H X X X X - - Q - RUP-D 

H X H H H X X X X - - - Q RUP-D 

L L L X X L X L X - - - - ---
L L L X X H X L X Q - - - RUP-D 

L L L X X L X H X - - Q - RUP-D 2 

L L H L L X X X X Q - - - RUP-D 

L L H L H X X X X - - Q - RUP-D W 

L H L X X X L X L - - - - --- A 

L H L X X X H X L - Q - - RUP-D Y 

L H L X X X L X H - - - Q RUP-D 

L H H H L X X X X - Q - - RUP-D 

L H H H H X X X X - - - Q RUP-D 

Note: Correct operation Is not guaranteed If 2 ways or more become HIT at the same time. 
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OOOOMIM.OO~III~II~I~IIIIIII!!~1 

Illmll;I •• 1 ~~~~g~~=~g 

4) PARITY ERROR & V BIT' - ( "'! 0 to 3) 

pe" v"O v,,1 PE" HIT '''fo.2 

L L L L ---
L L H H HIT 

L H L H HIT 

L H H L HIT 

H L L L ---
H L H H HIT 

H H L H HIT 

H H H H HIT 

1. PERR Is "NOR" of PEO to PE3 
2. Output Information when Internal "HIT" is valid . 

BASIC FUNCTIONS 

TAG READ 

A comparison between the TAG Input data (TDO-19) and the 
contents of the 'addressed location is performed. If both data 
are the same, that Is 'FOUND". Then HIT will be "LOW' and 
outputs of Hen, HITn Indicate hilled" Associative way". In the 
case of "NOT-FOUND". the TAG RAM will specify the "way', 
which should be replaced, by using the LRU logic automatically. 

The replacement Information will be presented at the outputs of 
RCn and REPn by forcing the H/R Input into 'LOW". These 
signals will be latched and used for the data Memory move-In 
operation. 

TAG WRITE 

When 'NOT-FOUND' Is occurred, the TAG-RAM also should 
be updated. The write operation Is performed by WRi'fE 
'LOW" and SET pulse Input. The TAG data will be written Into 
the proper 'way' by the Internal LRU logic. 

TAG-WRITE mode, V-bit (Validity bit) and the parity are set, 
and LRU logic Is updated. 

On the other hand, it will be able to specify the 'way" 
externally by using SBLK, SBO and SBI Inputs. 

4-10 

pen 
vnO/vnl 
PEn 

Internal parity error of way "n" 
Duplicate validity bits. 
Determined by the following equation. 

PEn = (vnO + vnl) • pen + (vnO 0 vnl) 

ALL PURGE 

By asserting PURGE Input "LOW" , the V -bit are reset and LRU 

logic Is Initialized. 

In this operation, the contents of each TAG and Its parity will 
not be Identified. 

PARTIAL PURGE 

The partial purge operation Is performed by iNVL. "LOW" and 
SET pulse Input. 

The V-bit, which Is specified by the address Inputs, will be 
reset, and LRU logic will be reversively updated. 



MB81C51-25 FUJITSU 
MB81C51-30 

RECOMMENDED OPERATING CONDITIONS (Referenced to GND) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 V 

Input Low Voltage VIL -0.5' 0.8 V 

Input High Voltage VIH 2.2 6.0 V 

Ambient Temperature TA 0 70 ·C 

Note: 
'-3.0V min. for pulse width less than 20nB. 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Test Condition Symbol Min Max Unit 

Input Leakage Current VIN = 0 V to Vee ILl -10 10 JJ,A 

Operating Supply Current OOUT = Open, Cycle = min. Ice 200 mA 

Output Low Voltage IOL = 8mA VOL 0.4 V 

Output High Voltage IOH = -4mA VOH 2.4 V 

4-11 
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FUJITSU MB81C51-25 

1IIIIil!III~IIIIIIIII!IIOOII~111111111 MB81 C51-30 

INPUT PULSE LEVELS 

Fig. 3 - AC TEST CONDITION 

O.OV to 3.OV 

INPUT PULSE RISE AND FALL TIMES: 5ns (Transient time between O.8V and 2.2VJ 

TIMING REFERENCE LEVELS 

OUTPUT LOAD: 
5.0V 
-,-

• 4800 

'> 2550 

• 

Input : 1 .5\1. 
Output : 1 .5V 

AC CHARACTERISTICS 

4-12 



Parameter Symbol 

Write Cycle Time twe 

Address Valid to RCn, REPn tAR 

Address Setup Time for SET tAS 

TAG Data Setup Time for SET tTS 

SET Pulse Width tsw 

SET Recovery Time tSR 

RlATCH Setup Time tRLS 

SBlK, SBO, SBl Setup Time for SET tSBS 

SBlK, SBO, SBl Setup Time for PCn, REPn tSBR 

PCn, REPn Hold Time for SBlK, SBO, SBl tSH 

SBlK Hold Time tSBH 

PINV, VINV Setup Time for SET tiS 

PINV, VINV Recovery Time for SET tlR 

MBS1C51-25 

Min Max 

50 

35 

25 

25 

20 

5 

10 

25 

25 

0 

5 

25 

5 

MB81C51-25 FUJITSU 
MB81C51-30 

MBS1C51-30 

Min Max 
Unit 

50 ns 

40 ns 

25 ns 

25 ns 

20 ns 

5 ns 

10 ns 

25 ns 

25 ns 

0 ns 

5 ns 

25 ns 

5 ns 

4-13 
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FUJITSU MB81 C51-25 

illllll~IIIIOOIIIIOOIIIIIIIIIIIIIIIIIII MB81 C51-30 

TAG READ CYCLE (MOli= "W or "L", PuRGE = "H", WRi'i'E = "H", iiiiiiL = "W, PiNv = "H" or "L", iiiNV = "H" or 

AO - A9 

TOO - TD19 

H/R 

HiT, 
HCn, HITn 
(Note 1) 

RCn, REPn 
(Note 2) 

MHENBL, 
EXTH 

RLATCH 
(Note 5) 

SBLK 

SBO, SB1 
(Note 6) 

"L",INH="W) , 

Notes 1: Valid at H/R = "W . 
2: Valid at H/R = "V. 

4-14 

3: LRU Is updated atSEl = "L", 
4: Replace latched at RLATCH = "W , 
5: Valid at SBLK = "L", 
6: Valid at SBLK = "W. 



MB81C51-25 FUJITSU 
MB81C51-30 

TAG WRITE CYCLE (MODE = "H" or "L", 'P'i:ii'iGE = "H", WRii'E = "L", iN\iL = "H", INH = "H") 

AO - A9 

H/R 

RCn, REPn 

TOO - TD19 

RLATCH 
(Note 3) 

SBLK 

SBO, SB1 
(Note 4) 

Notes 1, Reglstrate TAG , V-bit "H", LRU update. 
2, Replace latched at RIAfCH = "H". 
3, Valid at SBLK = "L", 
4. Valid at SBLK = "H". 

D Don'tCare 
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FUJITSU MB81C51-25 
mlll~OOIIlI~IIIHIM~III~ MB81 C51-30 

PARTIAL PURGE CYCLE (MODE = "H" or.::1:....PUi'iGE = "W, WRITE = "W, 'iiiiV[ = "l", H/R = "W or "l", iiiiH = "W, 
RLATCH = "l", PINV = "W or "l", VINV = "W or "l") 

Notes: 

AO - A9 

TOO - TD19 
(Note 1) 

SBlK 

SBO, SBl 
(Note 3) 

1. Valid at SBlK = "l". 
2. lRU Is reverslvely updated, V-bit "l" . 
3. Valid at SBlK = "W. 

All purge (SET = "W, OTHER CONTROL INPUTS ARE "H" or "l") 

AO - A9 

f---- tppw 

1\ 

4-16 
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PACKAGE DIMENSIONS 

68-LEAD PLASTIC LEADED CHIP CARRIER 
(Oase No. : LOO-68P-M02) 

II!IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII1111111111 

MB81C51-25 FUJITSU 
MB81 C51-30 111111111111111111111I11111111111111111111111111111111111I1I11111 

990± 005 
(2515±0 13) SQ_~ 

953± 003 

.169~gg~(430~gn) 

1 06 ~gf~(270 ~g~~) 
.800(20.32) REF--i 

r-----(24 21 ±O 08) SQ--i 

® CD@ .I!.P I 

.I @ 
@ 

INDEX 

© 1989 FUJITSU LIMITED C68052S-1C 

Details of "A" part 

(R.037(0.95)) TYP. 

i .931±.020 (23.65±0.51) 

R.030(0.75) TYP ~ I 
--------------------~ 

I 

8.: LEAD No. 

Dimensions in 

inches (millimeters) 
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FUJITSU MB81C51-25 
111111~IOOI~III~IIIII~IIIIIIIIIIIM· MB81 C51-30 

PACKAGE DIMENSIONS continued 

4-18 

\ h 

INDEX A 

64-LEAD CERAMIC (METAL SEAL) PIN GRID ARRAY PACKAGE 
(CASE No.: PGA-64C-A02) 

D 
u 

J"" '.""0 ~ TYP 
1.032+.018 

-.012 sa 

.050(1.27)DIA TYP 

(2.54±0.25) 
.100±.010 / 

1 ~I@~o-o-o-o-o-o-o-o~@ 
000 000 

o 0 0 0 

1.032~:~~~ .900(22.86) 

.018~·~~~(0.46~~:~~)DIA 

.050~:~~~(1.27~~:~~) 

.210(5.33) 134+.016(340+0.41) 
MAX . -.014' -0.36 

o 0 

o 0 

o 0 0 0 

o 0 0 @ 

©1988 FUJITSU LIMITED R64008S.2C Dimensions in 
inches (millimeters) 



October 1989 
Edition 1.0 

MB81C79B-351-45 

OJ 

DATA SHEET 
FUJITSU 

CMOS 72K-BIT HIGH SPEED SRAM 

8192-WORDS X 9-BIT HIGH SPEED CMOS STATIC 
RANDOM ACCESS MEMORY WITH AUTOMATIC 

POWER DOWN 

The Fujitsu MB81 C79B is 8192words x 9bits static random eccess memory fabricated with a 
CMOS process. Because of 9 bit organization, this devioe is convenient to be used for parity 
check function and also this device has two fast column addresses, therefore MB81 C79B is 
very suitable to used as cache buffers. To make power dissipation lower, peripheral circuits 
consist 01 CMOS 1Bchnoiogy,and to obtain smaller chip size, cells consisit 01 NMOS 
transistors and resistors. All pins are TTL compatible and a single 5 volts power supply is 
required. 

All devioes offer the advantages 01 low power dissipation, low cost and high performance. 

• Organization: 8192words x 9bits 
• Static operation: No clock or timing strobe required 

Fast acoess time: t...=t..cs,=35ns max, 1oe=10ns max. 
All, A 12 acoess time=12ns max. (MB81C79B-35) 
t...=t..cs,=45ns max, 1oe=15ns max. 
A11, A 12 acoess time=l5ns max. (MB81C79B-45) 

• Low power consumption: 550mW~()peration) 
138mW TtL Standby) 
83mW ( MOS Standby) 

Single +5V supply, ±10% toleranoe 
TTL compatible inputs and outputs 

• Thre&-sta1B inputs and outputs 
Chip selects lor simplified memory expansion, automatic power down 

• All Inputs and outputs heve pro1ection against static charge 
Standard 28-pin 300mil Plastic DIP pacllage (Suffix: -P-SK) 
Standard 28-pin 450mil Gun wing flat package (Suffix: -PF) 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 

Rallng Symbol Value 

Supply Voltage Vo<; -<1.5 to +7 

Input Voltage on any pin with respect 
V'N -3.5 to +7 toGND 

~cf~6 Voltage on any 110 with respect VOUT -<1.5 to +7 

Output Current lOUT ±20 

Power Dissipation PD 1.0 

Temperature Under Bias T .... -10 to +85 

Storag Temperature Tsre -40 to +125 

Unit 

V 

V 

V 

mA 

W 

·C 

·C 

NOTE: Permanent devioe damage may occur if the above Abaolute Maximum 
Rallng. are exceeded. Functional operation should be restricted to the 
conditiOns as detailed in the operational sections ollhis data sheet. Exposure to 
absolU1e maxlmum rating conditions for extended periods may affect device 
reliability. 

CopyrlghiO 11188 by FWITSU LIMITED 

PLASTIC PACKAGE 
DIP-28P-M04 

PLASTIC PACKAGE 
FPT-28P-M02 

PIN ASSIGNMENT 

'" Vee ,. 
WE ,. os, 

A, A, ,. A, 

A, A, 

A" OE' 
A" A, 

A" CS, 
I/O, 110, 

110, 110, 

110, 110, 

I/O, 110, 

GNO 110, 

4-19 
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MB81C79B-35 
MB81 C79B-45 

Fig. 1 - MB81C79B BLOCK DIAGRAM 

- - - -Vee 

· • -GND 

ADDRESS ROW 
256x32x9 · • MEMORY CELL 

BUFFER DECODER ARRAY - · · - -
Js- I . . . I 

ADDRESS 
1/0 GATE 

& 
BUFFER COLUMN DECODER 

ds- I • . . I 
BUFFER DATA I/O BUFFER ~ CS 

ds bbbbbbbbJ 
1/0, VQ, Va. VCr 1/0. 

Va. 1/0. Vo. IIOa 

Cs, ---.~~, 
Cst ---.--"'"'1------.J 

TRUTH TABLE 
CS, Cst WE OE MODE ctUJ'J'J-JT S.f~E 
H X X X STANDBY I .. HIGH-Z 
L L X X DESELECT Icc HIGH-Z 

L H H H Dour DISABLE Icc HIGH-Z 
L H H L READ Icc DOUT 
L H L X WRITE Icc D'N 

• Fast address 

'A= . = CAPACITANCE (T 25° C f 1 MHz) 
Parameter Symbol Typ Max 

Input Capacitance (V,N=OV) (CS" Cs., OE, WE) C" 7 

Input Capacitance (V,N=OV) (Other Inputs) C,• 8 

VO Capacitance (V.,,=OV) ClIO 8 

4-20 

Unit 

pF 

pF 

pF 



MB81 C79B-35 
MB81 C79B-45 

RECOMMENDED OPERATING CONDITIONS 
Referenced to GND) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 V 

Input Low Voltage VOL -2.0· 0.8 V 

Input High Voltage V'H 2.2 6.0 V 

Ambient Temperature T. 0 70 ·C 

• -2.OV Min. for pulse width less than 2Ons. (V .. Min=-O.5V at DC level) 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Unit Test Condltlon 

Input Leakage Current lu -10 10 ~ V'N=OV to V cc 

Output Leakage Current ILO -10 10 ~ 
CS,=V'H or CS,=V'L or WE=V'L or 
OE=V'H, VOUT=OV to Vee 

Operating Supply Current Icc 130 mA CS,=V'L 
1/000pen, Cycle=Min 

ISB1 15 mA Vee=Min to Max. CS,=Vee-O.2V 

V'N5fJ.2V or V'N2Vcc-O.2V 
Standby Supply Current 

Is .. 25 mA CS,=V'H 

Output Low Voltage VOL 0.4 V IOL=8mA 

Output High Voltage VOH 2.4 V IOH=-4mA 

Peak Power-on Current IPO 50 mA Vcc=OV to Vee Min. 
CS, =Lower of Vee or V'H Min. 
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MB81C79B-35 
MB81C79B-45 

AC TEST CONDITIONS 

4-22 

Input Pulse Levels: O.6Vto 2.4V 

Input Pulse Rise And Fall Times: Sns (Transient time between O.8V and 2.2V) 

Timing Measurement Reference Levels: Input: 1.SV 

Output:1.SV 

Output Load I. 

For all except Iu. 1Hz. twz. low. Iou. and 10HZ. 

Dour 

30pF 

(Including Scope T 
and Jig Capacitance) m 

SV 

Fig. 2 

Output Load II. 

For Iu. 1Hz. Iwz. low. 1012. and 10Hz . 

Dour 

SpF 

(Including Scope T 
and Jig Capacitance) m 

SV 

4800 

2550 



AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 
READ CYCLE" 

MB81C79B-35 
Parameter Symbol 

Min Max 

Read Cycle Time t..c 35 

Address Access Time " .... 35#1 

CS, Access Time " 1.-.CS1 35 

CS2 Access Time ·3 t.-.CS2 15 

Output Hold from Address Change IoH 3 

OE Access Time IoE 10 

Output Active from CS, "'5 Iu, 5 

Output Active from Cs, "'5 tu. 2 

Output Active from OE "'5 b.z 2 

Output Disable from CS, "'5 1Hz, 20 

Output Disable from CS," '5 IH" 20 

Output Disable from OE "'5 10HZ 20 

-
Note: '1 WE is high for Read cycle. 

'2 Device is continuously selected, CS,=VL , Cs,=VIH and OE=VIL• 

'3 Address valid prior to or coincident with CS, transition low, CS, transition high. 
'4 Transition is specified at the point of ±500mV from steady state Voltage. 
'5 This parameter is specified with load II in Fig. 2. 
#1 A11, A12 address access time is 12ns max. 
#2 A11, A12 address access time is 15ns max. 

MB81C79B-45 

Min Max 

45 

45#2 

45 

20 

3 

15 

5 

2 

2 

25 

25 

25 

MB81 C79B-35 
MB81 C79B-45 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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MB81C79B-35 
MB81C79B-45 

READ CYCLE TIMING DIAGRAM " 

READ CYCLE I: ADDRESS CONTROLLED '2 

:~: _ ••••• _I_I_·······_?_······_:_~'-_E-V_-I_O~U-S---D~A-T-A~t....-V-A~L:-ID~--=~--=~_t..c~::.;:-i~~~~~D~A~T~A~V~A~LI~'~_! ___ ll~_. 
READ CYCLE II: CS" Cs, CONTROLLED " 

'"""~ • ..,I4~'-::::::::::::::t...._.::.::::::::::;_t..c _________ ~1I.· .. i ••••• 

Cs, 

I/O 

~ : Undefined I: Don't Care 

Note: '1 WE is high for Read cycle, 

4-24 

'2 Device is continuously selected, CS,=VIL, C5,=V'H and OE=VL 

'3 Address valid prior to or coincident with CS, transition low, CS2 transition high, 
'4 Transition is specified at the point of ±500mV from steady state voltage. 
'5 This parameter is specified with Load II in Fig. 2. 



WRITE CYCLE·' 
MB81C79B-35 MB81C79B-45 

Parameter Symbol 
Min Max Min Max 

Write Cycle TIme " !we 35 45 

es, to End 01 Write lew, 30 40 

Cg. to End of Write lew. 20 25 

Address Valid to End of Write t..w 30 40 

Address Setup TIme t..s 0 0 

Write Pulse Width fwp 20 25 

Data Setup TIme low 17 20 

Write RecoV9f}' TIme " twR 3 3 

Data Hold TIme IoH 0 0 

Output High-Z from WE "'s Iwz 15 20 

Output Low-Z from WE "'s low 0 0 

- -Note: 'I If Cs, goes high simultaneously with WE high. the output remains in high impedance state. 
'2 All write cycles are determined from the last address transition to the first address transition of next address. 
'3 twR is defined from the end point of Write Mode. 
'4 Transition is specified at the point of ±500mV from steady state Voltage. 
'5 This parameter is specified with Load II in Fig. 2. 

MB81 C79B-35 
MB81 C79B-45 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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MB81 C79B·35 
MB81C79B·45 

WRITE CYCLE TIMING DIAGRAM " 

WRITE CYCLE I: CS" Cs., CONTROLLED 

ADDRESS 

Cs., 

1/0 

~ : Undefined III: Don't Care 

Note: '1 If OE, CS" and Cs., are in the READ Mode during this period, I/O pins are in the output state so that the input signals of 

4-26 

opposite phase to the outputs must not be applied. 
'2 All write cycles are determined from the last address transition to the first address transition of next address. 
'3 twR is defined from the end point of WRITE Mode. 
'4 Transition is specified at the point of ±500mV from steady state voltage. 
'5 This parameter is specified with Load II in Fig. 2. 



MB81 C79B-35 
MB81 C79B-45 

WRITE CYCLE TIMING DIAGRAM '1 

WRITE CYCLE II: WE CONTROLLED 

ADDRESS 

Cs. 

1/0 

~: Undefined I : Don't Care 

Note: "I If OE, CSt, and Cs. are in the READ Mode during this period, I/O pins are in the output state so that the input signals of 

opposite phase to the outputs must not be applied. 
"2 All write cycles are determined from the last address transition to the first address transition of next address. 

"3 tw.. is defined from the end point of WRITE Mode. 
"4 Transition is specified at the point of ±500mV from steady state Voltage. 
"5 This parameter is specified with Load II in Fig. 2. 
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MB81C79B-35 
MB81 C79B-45 

PACKAGE DIMENSIONS 
28-LEAD PLASTIC DUAL IN-LINE PACKAGE 

(Case No. : DIP-28P-M04) 

1 1.392~g?~(35.36~8:~g) 'I 

,:~::~: :0::::::: :0:: ]5!g:~'1:: 
11034~i?12 [ 1050~i?12 

.050(1.27) 

MAX 

(0.86~g30) (1.27~g·30) 

© 1988 FUJITSU LIMITED D28018S-2C 
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Dimensions in 

inches (millimeters) 



PACKAGE DIMENSIONS 

MB81 C79B-35 
MB81 C79B-45 

2B-LEAD PLASTIC FLAT PACKAGE .11O(2.S0) MAX 

(Case No. : FPT -28P-M02) ~---+(-'-S'-'EA'::":T:::'ED-"--'-HE-IG-H-T) 

~~'''"&W'''.'''8l:'~ 

l ·465±.012 
(11.S0±0.30) 

INDEX .339±.008 cf (S.60±0.20) 

!ffi=m::::n==n=n=n=;::r::;=r=n=n=n=n=:;~ _1 
TYP 

"A" 

j : , ' 
I I, 

f----- .650(16.51) REF---.., 

© 1988 FUJITSU LIMITED F28011S-3C 

0(0) MIN 

(STAND OFF) 

---:Q 
.402±.012 

(10.20±O.30) 

-"""_--l.. 031 ± OOS 

1==11 (0 80±0 20) 

.. 006± 002 
(0 15±O 05) i D-;~iTs ~f'j';-pa;-t - -1 

: .008(0.20) : 
I I 
I I 
I I 

I 
.024(0.60) I 

I 
-+-1f-' . ..:..00~7~(0.18) I 

MAX I 
.027(0.68) I 

----~~~----j 
Dimensions in 

inches (millimeters) 
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72K-BIT (8192 x 9) SYNCHRONOUS CMOS STATIC 
RANDOM ACCESS MEMORY WITH AUTOMATIC 

POWER DOWN 

The Fujitsu MB8279RT is a B,192-words by 9-bits synchronous static random 
access memory fabricated with a CMOS silicon gate process. 

Write operation is initiated by internal write pulse generator, which is driven 
by the clock signal given through the CLK pin therefore external control 
of write pulse width is not necessary. Compared to the traditional RAM, 
MB8279RT drastically improves the system level cycle time because signal 
skews are not necessarily concerned. 

The MB8279RT has a 32-pin plastic skinny DIP package and 32-pin plastic 
flat package as ·package options. 

All pins are TTL compatible, and a single +5V power supply is required. 

• 8,192 words x 9 bits organization 
• Fast access time: 

tACL = 20ns max. / 
tAcS2 = tpE2 = 10ns max. 

(MB8279RT-20) 
tACL = 25ns max. / 
tACS2 = tpE2 = 12ns max. 

(MB8279RT-25) 

• Registered addresses, CS" WE 
and Data inputs 

• Write cancel function by asyn
chronous CS2 pin 

• On-chip write pulse generator 
• On-chip parity checker 

• CMOS peripheral 
• Single = 5V (±10%) power supply 

with low current drain 
Active operation = 120mA max. 
Standby operation = 30mA max. 

• Common data inputs/outputs 
• TTL compatible inputs/outputs 
• Three-state data output and open 

drain parity error output 
• Standard 32-pin plastic DIP 

package: (Suffix P-SK) 
Standard 32-pin plastic flat 
package (Suffix PF) 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Symbol Value Unit 

Supply Voltage Vcc -0.5 to +7.0 V 

Input Voltage VIN -3.5 to +7.0 V 

Output Voltage VI/O -0.5 to +7.0 V 

Output Current lOUT ±20 mA 

Power Dissipation Po 1.0 W 

Temperature Under Bias T BIAS -10 to +85 °c 
Storage Temperature Range TSTG -40 to 125 °c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

MB8279RT-20 
MB8279RT-25 

March 1989 
Edition 2.0 

PLASTIC PACKAGE 
DIP-32P-M02 

PLASTIC PACKAGE 
FPT-32P-M02 

PIN ASSIGNMENT 

(TOP VIEW) 

A3 vcc 
A4 A2 

A5 A, 
A6 Ao 
A7 CLR 
As CLK 

INH 

CS, 
WE 

CS2 
PE 
I/0g 

II0s 
1/07 
I/0s 
GNDQ 

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 
application of any voltage higher than maxi
mum rated voltages to this high impedance 
circuit. 
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FUJITSU MB8279RT-20 
1111111111111111111111111111111111111111111111111111 MB8279RT-25 

Fig. 1 - MB8279RT BLOCK DIAGRAM 

AO 0-- - r--
AI 0--

A2 0--

A3 0-- ROW 256 x 32 x 9 

A4 
DECODER MEMORY CELL ARRAY 

0--

AS 0--

A6 0--
ADDRESS 
REGISTER 

A7 0-- - t--

AS 0--

Ag 0--

A 10 0--
I/O GATE 

& 

A11 0--
COLUMN DECODER 

A12 0--

CLR 

CSI 

WE 

0-- CONTROL WRITE 

REGISTER - PULSE DIN REGISTER 

0-- GENERATOR & 
I/O BUFFER 

r--
CS 2 

CLK 

INH 

CONTROL 
BUFFER 

1 1 111 1 :=:r-->- 1/01 1/03 1/05 1/07 I/Og 
0- - I/O I/O I/O I/O 4 6 

CAPACITANCE ITa = 25°C, f = lMHz) 

Parameter Symbol Min Typ 

I/O Capacitance (Vila = OV) CliO 

Input Capacitance (V IN = OV) CIN 

4-32 

--0 vee 

--<>GND Q 

--<>GND 

I 

PARITY 
CHECK 

1 
PE 

Max Unit 

B pF 

6 pF 



PIN DESCRIPTION 

Symbol Pin name 
Input/ 
Output 

ClK Clock Input 

INH Inhibit Input 

ClR Clear Input 

Ao to A'2 Add ress I n put Input 

CS, Chip Select 1 Input 

C~ Chip Select 2 Input 

WE Write Enable Input 

I/O, to I/Og Data Input/Output 
Input/ 
Output 

PE Parity Error Output 

Vee Power Supply -
GNDQ Ground for Output -
GND Ground for Others -

TRUTH TABLE 

ClR CS, CS2 WE MODE 

l X X X STANDBY 

H H X X STANDBY 

H l l X CHIP DISABLE 

H l H H READ 

H l H l WRITE 

legend: H = High level, l = low level, X = Don't care. 
Notes: CS, and WE are input at the rising edge of the ClK. 

1111111111111111111111111111111111111111111111111111 

MB8279RT-20 FUJITSU 
MB8279RT-25 1111111111111111111111111111111111111111111111111111 

Function 

-Address, CS, and WE are fetched at the rising edge of 
the ClK, and DIN is fetched at falling edge of the ClK. 

While INH = "H", a low level of ClK is disabled. 

When ClR = "l", the contents of CS, and WE register are 
cleared to standby. 

Synchronous address inputs. 

Synchronous Chip Select 1 (CS,) input. 
(This pin can be used as power down.) 

Asynchronous high-speed Chip Select 2 (CS2 ) input. 
(This pin can be used as write cancel.) 

Synchronous Write Enable (WE) input. 

Data inputs/outputs. 
(Synchronous data inputs/Asynchronous data outputs) 

Asynchronous parity error output: PE output remains 
High-Impedance state through undefined area. 

+5V ±10% power supply. 

Ground for output circuits. 

Ground for other circuits. 

I/O PIN PE OUTPUT PIN SUPPLY CURRENT 

HIGH-Z HIGH-Z STANDBY 

HIGH-Z HIGH-Z STANDBY 

HIGH-Z HIGH-Z ACTIVE 

DouT FiE OUTPUT ACTIVE 

DIN HIGH-Z ACTIVE 

PE output remains High-Impedance state through undefined area. 
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FUJITSU MB8279RT-20 

1111111111111111111111111111111111111111111111111111 MB8279RT-25 

RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) 

Parameter Symbol Min 

Supply Voltage Vee 4.5 

Ambient Temperature TA 0 

DC CHARACTERISTICS 
(Recommended operating conditions otherwise noted.) 

Parameter Test Conditions Symbol 

Standby Supply Current CS, = V 1H Iss 

Operating Supply Current 
CS, = VIL. 1/0 = Open 

lee Cycle = min. 

Input Leakage Current V 1N = GND to Vee ILl 

Output Leakage Current 
CS, = V 1H or C5:2 = V 1L 

I Ll/O VOUT = GND to Vee 

Input Low Voltage V 1L 

Input High Voltage V 1H 

Output High Voltage IOH = -4mA VOH 

DouT IOL = SmA 

Output Low Voltage VOL 

PE IOL = 16mA 

Peak Power-on Current *2 
Vee = GND to 4.5V 

Ipo CLR = GND 

Note: *1 -2.0V Min. for pulse width less than 20ns,(V1L = -0.3V at DC level) 

Typ 

5.0 

*2 The CLR input should be connected to GND to keep the device deselected. 

4-34 

Max Unit 

5.5 V 

70 ·C 

Min Max Unit 

30 mA 

120 mA 

-10 10 /J.A 

-10 10 /J.A 

-2.0*' 0.8 V 

2.2 6.0 V 

2.4 V 

0.4 V 

90 mA 



Fig. 2 - AC TEST CONDITIONS 

• INPUT PULSE LEVELS: 0.6V TO 2.4V 

• TIMING REFERENCE LEVELS: INPUT: V IL ~ o.av, VIH = 2.2V 

OUTPUT: VOL = 0.8V, VOH = 2.2V 

• OUTPUT LOAD 

5V 

1~111~111~~~lllllllllllmllllmlll~~~III~ 
MB8279RT.20 FUJITSU 
MB8 279RT .25 1~lmlllmli~~~~IIIII~~IIII~~~M~~ 

5V 

280[1 

DOUTo---------~----~ PEo---------~-----J 

"INCLUDING JIG AND STRAY CAPACITANCE. 

AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

READ CYCLE 

Parameter Symbol 
MB8279RT·20 MB8279RT·25 

Unit 
Min Max Min Max 

I When no uses PE tRC 20 25 ns 
Read Cycle Time .1 When uses PE t RC 25 30 ns 

Clock "H" Level Pulse Width tCLH 8 10 ns 

Clock "L" Level Pulse Width tCLL 8 10 ns 

Input Setup Time ts 4 4 ns 

Input Hold Time tH 2 2 ns 

Clock Access Time DOUT t AcL 20 25 ns 

PE tPE 25 30 ns 

CS:! Access Ti me DouT t ACS2 10 12 ns 

PE tpE2 10 12 ns 

CS:! to Output Low-Z DouT t LZ2 2 2 ns 

PE tpLZ2 2 2 ns 

CS:! to Output High-Z DouT tHZ2 2 8 2 10 ns 

PE t pHZ2 2 8 2 10 ns 

Output Hold from Clock DouT tOH 2 2 ns 

PE tpH 2 2 ns 

Output Hold from CS:! DouT tOH2 2 2 ns 

PE t pH2 2 2 ns 
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FUJITSU MB8279RT-20 
lil.I!IH!i~!~iiUI MB8279RT-25 

READ CYCLE TIMING DIAGRAM 

READ CYCLE (lNH = L, CLR = HI 

1----tCLH tcLL-----i 

eLK 

ADDRESS 

cs, 

DATA 110 

Note 1: PEQutput remains High·lmpedance state through undefined area. 

4-36 



WRITE CYCLE 

Parameter Symbol 

Write Cycle Time twc 

Clock "H" Level Pulse Width tCLH 

Clock "L" Level Pulse Width tCLL 

Input Setup Time ts 

Input Hold Time tH 

CS:, Setu p Ti me tcs 

CS2 Hold Time tCH 

Data Setup Time tos 

Data Hold Time tOH 

DOUT tHZ 
CLK to Output High-Z 

PE tpHZ 

DouT tLZ 
CLK to Output Low-Z 

PE tpLZ 

CLOCK INHIBIT TIMING 

Parameter Symbol 

Clock Inhibit Setup Time tCLIs 

Clock Inhibit Hold Time tCLIH 

Clock Enable Setup Time tCLES 

Clock Enable Hold Time tCLEH 

REGISTOR CLEAR TIMING 

Parameter Symbol 

Clear Pulse Width tCAw 

Clear Hold Time tCAH 

Clear Recovery Time tCAA 

Clear to Output High-Z tCRHZ 

MB8279RT-20 

Min Max 

20 

8 

8 

4 

2 

2 

8 

0 

6 

2 8 

2 8 

2 

2 

MB8279RT-20 

Min Max 

2 

2 

2 

0 

MB8279RT-20 

Min Max 

7 

10 

10 

2 8 

1IIIIIIIIml~~~~~mllmllmlllllml~m 
MB8279RT-20 FUJITSU 
MB8279RT-25 IIII!IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII~ 

MB8279RT-25 
Unit 

Min Max 

25 ns 

10 ns 

10 ns 

4 ns 

2 ns 

2 ns 

10 ns 

0 ns 

6 ns 

2 10 ns 

2 10 ns 

2 ns 

2 ns 

MB8279RT-25 
Unit 

Min Max 

2 ns 

2 ns 

2 ns 

0 ns 

MB8279RT-25 
Unit 

Min Max 

7 ns 

10 ns 

10 ns 

2 10 ns 
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PUJITSU MB8279RT .. 20 
Ilmli~~ii~limilliIMml~~iil!IMB8279RT .. 25 

WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE (lNH = L, CLR = HI 

ClK 

ADDRESS 

CS, 

DATA 110 

Note 1: When CS:! = H level, write· operation is excuted and when C~ = L level, write operation is cancelled. 

4-38 



CLOCK INHIBIT 

CLK 

INH 

REGISTER CLEAR 

CLK 

CLOCK INHIBIT TIMING DIAGRAM 

tCLIH 

REGISTER CLEAR TIMING 

1111111111111111111111111111111111111111111111111111 

MBB279RT-20 FUJITSU 
MBB279RT-25 1111111111111111111111111111111111111111111111111111 

DATA liD +~~-++-~---=~------- - ---
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FUJITSU MB8279RT-20 
111111111~lmllllllmlll~IIII~llllmllml~11 MB8279RT -25 

EXAMPLE OF MB8279RT BASIC FUNCTION 

CLK 

ADDRESS -,--:-1 ~ ............ VZ .............. !I1.........,..B ...&....<..VZ-,,-,-7I1..&.....;-c ~V/~/!1"'--:-~ ........... V1~!--'-':J1"'"""":-'E V,,"",",,-7 

cs, 

WE 

1 W/;1 V!/;1 V/Zi1 ~JI1 V7 

j [11///1 VIII1 VlIl1, VlIi1 lZZ 

DATA I/O --i------i----f 

STANDBY 
CYCLE 

READ 
CYCLE 

WRITE 
CYCLE 

WRITE CANCEL 
FUNCTION 



PACKAGE DIMENSIONS 

32·LEAD PLASTIC DUAL IN·LlNE PACKAGE 
(CASE No.: DIP·32P·M02) 

1IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIImlllllllllllilim 

MB8279RT-20 FUJITSU 
MB8279RT-25 1111111111111111111111111111111111111111111111111111 

15°MAX 

~l 

.010+.002T 
(0.25±0.051 

. ,~.207(5.25IMAX 
1/ I I If If If =P.125(3.18IMIN 

1_ .1.100(2.54) ~ ~ ~ I •. 018±.003 .020(0.511 
TYP (1.27~g.301 (0.45±0.081 MIN 

© 1988 FUJITSU LIMITED D32009S-1C 

Dimensions in 
inches (millimeters) 
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FUJITSU MB8279RT-20 

1IIIIIIIImlllllmIIIOO~~~~~I~!lmll MB8279RT-25 

PACKAGE DIMENSIONS (continued) 

r 
.339±.008 

«~[r 

TYP 

32-LEAD PLASTIC SMALL OUTLINE PACKAGE 
(CASE No.: FPT-32P-M02) 

"A" 

.750(19.05)REF 

© 1988 FUJITSU LIMITED F32004S·1C 
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"""" 
l-

~ -
--J 

O(O)MIN f 
(STAND OFF) 

I 
.402±.0 

(10.20±O 

.031±.008 I (0.80±0.20) 

...1. 
.006±.002 

1O.15±0.05) 
.098(2.50) 

MAX 

12 
.30) 

Detail of "A" part 

.007(0.18) 
MAX 

.02710.68) Dimensions in 
MAX inches (millimeters) 



32K x a-BIT STATIC RANDOM ACCESS MEMORY 
WITH PARITY GENERATOR AND CHECKER 

The Fujitsu MB8287 is 32768 words x 8 bits high speed static random access 
memory with parity generator and checker, fabricated with CMOS technology. 
To obtain smaller chip, cell consists of NMOS transistors and resistors therefore 
this device is assembled in 300 mil DIP and has such small power dissipation 
as 605mW max. 
All pins are TTL compatible and single 5 volt power supply is required. 

A separate chip select (CS,) pin simplifies multipackage systems design. It 
permits the selection of an individual package when outputs are OR·tied, 
and furthermore on selecting a single package by CSt the other deselected 
packages automatically power down. 
All devices offer the advantages of low power dissipation, low cost, and high 
performance. 

• Organization: 32768 words x 8 
bits 

• Static operation: no clocks or 
timing strobe required 

• Fast access time: 
tAA ~ tACS1 ~ 25ns max, 
tACS2 ~ 14ns max (MB8287-25) 
tAA ~ t ACSl ~ 35ns max, 
tACS2 ~ 15ns max (MB8287·35) 

• Low power consumption: 
715mW max. (Operating) for 25ns 
605mW max. (Operating) for 35ns 
138mW max. (TTL Standby) 
83mW max. (CMOS Standby) 

• Single +5V supply ±10% tolerance 

• TTL compatible inputs and out
puts 

• Three-state outputs with OR·tie 
capability 

• Chip select for simplified memory 
expansion, automatic power down 

• Internal parity generator and 
checker. 

• All inputs and outputs have pro· 
tection against static charge 

• Standard 32·pin DIP package 
(300 mil): (Suffix: P-SK) 

• Standard 32·pin FPT package 
(450 mil): (Suffix: PF) 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Symbol Value Unit 

Supply Voltage Vcc -0.5 to +7 V 

Input Voltage on any pin V1N -3.5 to +7 V wi th respect to G N D 

Output Voltage on any 1/0 VOUT -0.5 to +7 V pin with respect to GND 

Output Current lOUT ±20 mA 

Power Dissipation Po 1.0 W 

Temperature Under Bias TB1As -10 to +85 DC 

Storage Temperature ·Range TSTG -45 to 125 DC 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

MB8287-25 
MB8287-35 

March 1989 
Edition 2.0 

PLASTIC PACKAGE 
(DIP-32P-M02) 

PLASTIC PACKAGE 
(FPT-32P-M02) 

PIN ASSIGNMENT 

As VCC 

A.4 As 
A3 A7 

A2 As 

Al Ag 
Ap A10 

A12 Al1 
A13 N.C. 
A14 CS1 
OE WE 

CS2 II0s 
PE 1/07 

1/°1 I/Os 

1/°2 1/°5 
1/°3 1/°4 
GNO GNOQ 

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 
application of any voltage higher than maxi
mum rated voltages to this high impedance 
circuit. 
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ADDRESS 
8UFFER 

ADDRESS 

Fig. 1 - MB8287 BLOCK DIAGRAM 

ROW 
DECODER 

MEMORY CELL ARRAY 
256 x 128x8 
(11O DATAl 

256 x 128 
(PARITY DATAl 

I/O GATE 
& 

COLUMN DECODER 

BUFFER 1-------L,~"7"i~---r-r-..,J 

PARITY 
CONTROLr-_~~ ___ ~_--' 

1/01 1/03 1/05 1/07 

1/02 1/04 1/06 I/OS 

TRUTH TABLE 

CSt CS, WE OE MODE SUPPLY CURRENT 

H X X X STANDBY Is. 

X X DESELECT Icc 

H H DOUT DISABLE Icc 

H L READ Icc 

X WRITE Icc 

CAPACITANCE (TA = 25°C, f = 1MHz) 

Parameter Condition Symbol Min Typ 

Input Capacitance (CS1, C~, OE, WE) VIN = OV CI1 

Input Capacitance (Other Input) VIN = OV C I2 

I/O Capacitance (with PEl Vila = OV CliO 

4-44 

~Vcc 

-GND 

1/0, PE STATE 

HIGH·Z 

HIGH·Z 

HIGH·Z 

DouT 

D'N 

Max 

8 

7 

8 

Unit 

pF 

pF 

pF 



RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) 

Parameter Symbol Min Typ 

Supply Voltage Vee 4.5 5.0 

Ambient Temperature TA 0 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherside noted) 

Parameter Symbol Test Conditions 

CS1 ~ Vee-0.2V 

MB8287-25 
MB8287-35 

Max 

5.5 

70 

Min Max 

IS81 15 
V ,N ~ Vee-0.2V or V ,N ~ 0.2V 

Standby Supply Current 
V ,N ~0.2V 

IS82 Cs1 = V ,H 

Operating Supply I 25ns lOUT = OmA. Cs1 = V,L 
Icc Current I 35ns Cycle = Min. 

Input Leakage Current ILl V ,N = OV to Vee 

CS1 = V,H = or CS2 = V,L or 
Output Leakage current ILilo WE = V,L or OE = V,H • 

VI/O = OV to Vee 

Input Low Voltage V ,L 

Input High Voltage V ,H 

Output High Voltage V OH IOH = -4mA 

Output Low Voltage VOL IOL = 8mA 

Note: "1 -2.0V Min. for pulse width less than 20ns. (V,L min. = -0.5V at DC level) 
All voltages are referenced to GND. 

• Input Pulse Levels: 

• Input Pulse Rise & Fall Times: 

• Timing Reference Levels: 

• Output Load: 

Fig. 2 - AC TEST CONDITIONS 

0.6V to 2.4V 
3ns (Transient between O.8V and 2.2V) 

Input: V,L = 0.8V. V,H = 2.2V 
Output: VOL = 0.8V. VOH = 2.2V 

+5V 

'I DOUT o----~--4 

!IIOI 1 
C '2 

25 

130 

110 

-5 5 

-5 5 

-2.0'1 0.8 

2.2 6.0 

2.4 

0.4 

*1 PE pin is included. 

11111111111111111111111111111111111111111111111~~1 
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Unit 

V 

°c 

Unit 

mA 

rnA 

rnA 

J.i.A 

J.i.A 

V 

V 

V 

V 

r *2 Including Scope and Jig Capacitance 

li'rr 

R 1 R2 J CL I Parameters Measured 

Load I 480n 255n I 30pF I except tLz. tHZ' twz. tow. tOLZ. tOHZ. tpHZ and tpOHZ 

Load II 480~n~_L-_25~5_n __ IL-_5~p_F __ L-I __ t~Lz~._t~H~z.~t~w~z~.t~o~w~.~tO~L=Z~.~tO~H=Z~.~tp~H~z~a_nd~tp~O_H=Z _____ -" 
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MB8287-25 
MB8287-35 

AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

READ CYCLE*' 

Parameter Symbol 

Read Cycle Time t RG 

Address Access Time '2 tAA 

CS1 Access Time '3 t AGS1 

C~ Acces Time '3 t AGS2 

OE Access Time tOE 

Output Hold from Address Change tOH 

Output Active from CS1 '4'5 t LZ1 

Output Active from Cs, '4'5 t LZ2 

Output Active from OE'4'5 tOLZ 

Output Disable from CS1 '4' 5 tHz1 

Output Disable from C~ '4'5 tHz2 

Output Disable from OE'4'5 tOHZ 

Parity Error Access from Address'2 tAPA 

Parity Error Access from CS1 '3 tAPGS1 

Parity Error Access from Cs, '3 t APGS2 

Parity Error Access from OE t APOE 

Parity Error Hold from Address Change tpOH 

Parity Error Disable from Address Change '4'5 tPHZA 

Parity Error Disable from CS1 '4 '5 t pH Z1 

Parity Error Disable from Cs, '4'5 t pHZ2 

Parity Error Disable from OE'4'5 tpOHZ 

-
Note: *1 WE is high for Read Cycle_ 

MB8287-25 

Min Max 

25 

25 

25 

14 

12 

3 

5 

2 

2 

1 15 

1 15 

1 15 

28 

28 

14 

12 

3 

1 20 

1 15 

1 15 

1 15 

*2 Device is continuously selected, CS1 = VIL, C~ = V IH and OE = VIL. 
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*3 Address valid prior to or coincident with CS1 transition low, CS2 transition high. 
*4 Transition is specified at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load II in Fig. 2. 

MB8287-35 
Unit 

Min Max 

35 ns 

35 ns 

35 ns 

15 ns 

14 ns 

3 ns 

8 ns 

3 ns 

3 ns 

1 15 ns 

1 15 ns 

1 15 ns 

40 ns 

40 ns 

15 ns 

14 ns 

3 ns 

1 25 ns 

1 15 ns 

1 15 ns 

1 15 ns 



READ CYCLE TIMING DIAGRAM*1 

READ CYCLE: ADDRESS CONTROLLED*2 

I--------'RC--------i 

ADDRESS VALID 

i-----'AA-----i 
DATA OUT PREVIOUS DATA VALID 

READ CYCLE: CSt, C~ CONTROLLED*3 

1111111111111111111111111111111111111111111111111111 

MB8287-25 FUJITSU 
MB8287-35 1111111111111111111111111111111111111111111111111111 

,oo"'~ =>{=~-=-t=AA~-___i~.I-V::-D--_ -_ -_ ----<t 
CS, 

DE 

110 
HIGH·Z 

E:J : Don't Care ~ : Undefined 

Note: *, WE is high for Read Cycle. 
*2 Device is continuously selected, CSt = V1L , C~ = V1H and OE = VIL . 

*3 Address valid prior to or coincident with CS, transition low, CS2 transition high. 
*4 Transition is specified at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load II in Fig. 2. 
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Note: *, 

*2 
*3 
*4 
*5 
*6 
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PARITY READ FUNCTION TIMING DIAGRAM*1,6 

') ADDRESS CONTROLLED*2 

t------tRc-------l 

ADDRESSES INPUT VALID 

HIGH·Z 

2) CS" CS2 CONTROLLED*3 

ADDRESSES 

... ' 

tAPCS'----I 

CS, 

tpHZ,·4*5 

PE DATA VALID 

~ : Don't Care ~: Undefined 

WE is high for Read Cycle. 
Device is continuously selected, CS, = "L", CS2 = "H" and OE = "L". 
Address valid prior to or coincident with CS, transition low, C~ transition high. 
Transition is specified at the point of ±500mV from steady state voltage. 
This parameter is specified with Load II in Fig. 2. 
When error occurred, PE pin outputs "L". But when no error, PE pin is in High·Z state. 



AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

WRITE CYCLE*I,*G,*7 

Parameter Symbol 

Write Cycle Time '2 twc 

Address Valid to End of Write tAW 

CS1 to End of Write tCW1 

CS2 to End of Write tCW2 

Data Setup Time tow 

Data Hold Time tOH 

Write Pulse Width twp 

Write Recovery Time '3 tWR 

Address Setup Time t AS 

Output Low·Z from WE'4'5 tow 

Output High·Z from WE'4 '5 twz 

MB8287·25 

Min Max 

25 

18 

16 

13 

8 

0 

15 

0 

0 

0 

0 8 

1111111111111111111111111111111111111111111111111111 

MBB287-25 FUJITSU 
MB8287-35 1111111111111111111111111111111111111111111111111111 

MB8287·35 
Unit 

Min Max 

35 ns 

28 ns 

26 ns 

20 ns 

12 ns 

0 ns 

20 ns 

0 ns 

0 ns 

0 ns 

0 14 ns 

Note: *1 If CS goes high simultaneously with WE high, the output remains in high impedance state. 
*2 
*3 
*4 
*5 
*6 
*7 

All Write Cycles are determined from the last address transition to the first address transition of next address. 
tWR is defined from the end point of Write Mode. 
Transition is specified at the point of ±500mV from steady state voltage. 
This parameter is specified with Load II in Fig. 2. 
In normal Write Cycle, PE pin must be pulled·up to High. 
If data "L" is written in PE pin under the same timing as data input on I/O pins, "Error" information is written 
in the parity bit addressed forcibly. 
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Note: *1 
*2 
*3 
*4 
*5 
*6 
*7 
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WRITE CYCLE TIMING DIAGRAM *1,*6,*7 

WRITE CYCLE No.1 (WE CONTRORRED) 

ADDRESS 

110 

o : Don't Care ~: Undefined 

If CS goes high simultaneously with WE high, the output remains in high impedance state. 
All Write Cycles are determined from the last address transition to the first address transition of next address. 
tWR is defined from the end point of Write Mode. 
Transition is specified at the point of ±500mV from steady state voltage. 
This parameter is specified with Load II in Fig. 2. 
In normal Write Cycle, PE pin must be pulled-up to High. 
If data "L" is written in PE pin under the same timing as data input on I/O pins, "Error" information is written 
in the parity bit addressed forcibly. 



Note: *, 
*2 
*3 
*4 
*5 
*6 
*7 

111111111111111111111111111111111111111111111~mll 
MB8287-25 FUJITSU 
MB8287-35 111111111111111111111111111111111111111111111~~~1 

WRITE CYCLE TIMING DIAGRAM*1,*S,*7 

WRITE CYCLE No.2 (CS" CS2 CONTROLLED) 

f---------twc· 2----------t 

ADDRESS VALID 

r------------tAW-------~ 

DE 

WE 

I/O 

_ : Don't Care ~: Undefined 

If CS goes high simultaneously with WE high, the output remains in high impedance state. 
All Write Cycles are determined from the last address transition to the first address transition of next address. 
tWR is defined from the end point of Write Mode. 
Transition is specified at the point of ±500mV from steady state voltage. 
This parameter is specified with Load II in Fig. 2. 
In normal Write Cycle, PE pin must be pulled-up to High. 
If data "L" is written in PE pin under the same timing as data input on 1/0 pins, "Error" information is written 
in the parity bit· addressed forcibly. 
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PACKAGE DIMENSIONS 

32-LEAD PLASTIC OUAL IN-LINE PACKAGE 
(CASE No.: DIP-32P-M02) 

15·MAX 

..-1 
,.- - .t .300(7.62) 

---- j Tr 
.010±.0021-

. (0.25±0.05) 

1~·207(5.25)MAX 
II I Ilf If If =P.125(3.18)MIN 

I •• 1. '00(2.54) ~ ~ --11 .. 018±.003 .020(0.511 
TYP (1.27~g·30) (0.45±0.08) MIN 

© 1988 FUJITSU LIMITED D32009S-1C 
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Dimensions in 
inches (millimeters) 



PACKAGE DIMENSIONS (continued) 

1111111111111111111111111111111111111111111111111111 

MB8287-25 FUJITSU 
MB8287-35 1111111111111111111111111111111111111111111111111111 

32·LEAD PLASTIC SMALL OUTLINE PACKAGE 
(CASE No.: FPT·32,.·M02) 

r 
.339±.008 

«MC r 
TYP 

.750(19.05)REF 

© 1988 FUJITSU LIMITED F32004S-1C 

,..- l-

-l-

~ 

O(O)MIN f 
(STAND OFF) 

I 
.402±.0 

(10.20±0 

.031±.008 

I (0.80±0.20) 

.1. 
.006±.002 

(0.15±0.05) 

.098(2.501 

12 
.30) 

MAX 

.006(0.15) hd Detail of "A" part 

::F~' 
.007(0.18) 

MAX 
.027(0.68) Dimensions in 

MAX inches (millimeters) 
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2K x 8-BIT CMOS 

DUAL PORT STATIC RAM 2K X 8-BIT CMOS 

The Fujitsu MB8421/MB8422 are 2K by 8 dual-port high-performance Static 
Random Access Memories (SRAMs) fabricated In CMOS. The SRAMs use 
asynchronous circuits; thus. no external clocks are required. The MB8421 and 
MB8422 provide the user with tWCL.Beparately contro..!!!!:! 1/0 ports with 
Independent addresses, Chip Select (CS), Write Enable (WE), Output Enable 
(OE), and 110 functions. This arrangement permits Independent access to any 
memory location for either a Read or Write operation - a useful feature for 
shared data processing applications. These devices have. an automatic 
power-down feature controlled by Os. 

To avoid data contention on the same address, a (BUSYL flag Is provided for 
address arbitration; In addition, the MB8421 utilizes an (INT) flag which allows 
communication between systems on either side of the RAM. Both devices use a 
single 5-volt power supply and all pins are TTL-compatible. 

Some typical applications for these memory devices are multiprocessing 
systems, distributed networks, external register files, and peripheral controllers. 

• Organization: 2048 words by 8 bits. 

• Static operation: No clocks or timing strobes required. 

• Fast Access Time: MB8421122-90 } 
MB8421/22-90L tM = tACS = 90 ns (max) 

MB8421/22-12 } 
MB8421122-12L tM = tACS = 120 ns (max) 

• Low Power Consumption: 
Both ports active 
One port active 
Both ports standby I 

Standard Version 
= 660 mW (max) 

Low Power Version 
495'mW (max) 

CMOS 
Both ports standby I 

TTL 

= 385 mW (max) 

= 11 mW (max) 

= 38.5 mW (max) 

• TTL-Compatible Inputs and Outputs. 

• Three-State Outputs with Or-tie Capability. 

275 mW (max) 

1.1 mW (max) 

27.5 mW (max) 

• Electrostatic Protection for All Inputs and Outputs. 

• Address Arbitration: (BUSY) flag. 

• l!J!!!rrupt Function for Communication Between Systems (MB8421 only): 
(INT) flag. 

• Data Retention Voltage: 2.0V min. 

• Single +5V (.± 10%) Supply. 

ABSOLUTE MAXIMUM RATINGS 1, 2 
Parameter Designator Value Unit 

Supply Voltage VCC -0.5 to +7 V 

Input Voltage on any VIN -0.5 to V 
pin with respect to Vss Vcc +0.5 
Output Voltage on any 110 VOUT -0.5 to V 
pin with respect to V 55 VCC +0.5 

NOTE: 

MB8421/22-90 
MB8421/22-90L 
MB8421/22-12 
MB8421/22-12L 

DIP-48P-M02 

DIP-52P-M01 

FPT-64P-MOl 

May 1989 
Edition 2.0 

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 voltage. to this high Impedance 
circuit. 

Output Current lOUT 

Power dissipation PO 

Temperature Under Bias TBIAS 

Storage Temperature TSTG 

± 20 

1.0 

-10 to +85 

-45 to +125 

mA 

W 

°c 

Permanent 'device damage may occur If the above 
Absolute Maximum Ratings are exceeded. Func
tional operation should be restricted to the conditions 
as detailed In the operational sections of this data 
sheet. Exposure to absolute maximum rating condi
tions for extended periods may affect device 
reliability. 

copyright@ 1989 by FUJITSU LIMITED 
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MB8421 122-90 
111111III11111111111111111111111111111111111111111 MB8421/22-9.0L 
FUJITSU MB8421/22-12 

I11111111111111111111111111111111111111111111111111111III MB8421/22-12L 

Fig" 1 - BLOCK DIAGRAM OF MB8421/22 

I/OOL"1I07L 

Left Data 
Port 

BuSvL 

iNTL(Note) 

R ........... 

0 

I'7'Ii:'I B 
~ 

rJ 4 ........... 

0 7 

Cl 
Cl 

NOTES: MBB421 only. 

-~ )- WEL 

~L 

I 1/0 I Buffer 

I 
.A 

Column I Decoder 

" Z} 
Row A 

Decoder ['nI Memory Array 

Arbltratlonl 
Interrupt 

Logic 

I I 

110 CAPACITANCE (TA = 25°C, f = 1 MHz) 

Parameter Symbol 

Input Capacitance (VIN = OV) CIN 

110 Capacitance (VI/O = OV) CliO 
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-
WERr--< 

o~ 

1/0 I 
Buffer I 

I 
'" Column I 

Decoder I 
" 

~ Row 
'\rv" Decoder 

Typ Max 

10 

10 

R 
~ 

CJ 

B ~ 
~ 

4p 

7 C"l 
~ 

R .-

I/00R" " 1/07 R 

Right Data 
Port 

BuSvR 

iNTR(Note) 

Unit 

pF 

pF 



PIN ASSIGNMENTS 
MB8421 - Top View 

(DIP-52P-M01) 

CSL vcc 
ViiEL ~ 

B\!!!.YL ~ 
INTL BUS'IR 

NC MR 
A10L NC 
OEL A10R 
AOL OeR 
A1 L AOR 
A2L A1R 
A3L A2R 
A4L A3R 
ASL MR 
A6L ASR 
A7L A6R 
A8L A7R 
A9L ABR 

I/OOl A9R 
1I01L II07R 
II02L II06R 
II03L II05R 
1104 L II00R 
II05L II03R 
II06L II02R 
1I07L II01R 
vss """1,.;;.;;.-___ ..;.;.. IIOOR 

(NC) 

OEL 
AOL 
A1L 
A2L 
A3L 
ML 
ASL 
ASL 
A7L 
ABL 
A9L 

(NC) 
(NC) 
(i'JC) 

IIOOL 
II01L 
1I02L 
II03L 

PIN DESCRIPTIONS 
Left Port Right Port Function 

WE L WE R Write Enable 

CS CSR Chip Select 

OEL OER Output Enable 

BUSYL BUSYR Busy Flag 

Vcc 

Vss 

FUNCTIONAL OPERATION 
The MB8421 and MB8422 provide two ports with separate 
control signals, address Inputs, and Input/output data pins that 
allow asynchronous read and write operations to any memory 
location. Each device has an on-chip automatic power-down 
feature controlled by ~ that, places the respective port In the 
standby mode when the chip Is deselected (CS Is HIGH). 

", 

" 
", 
.'~\ 

" ", 

" 

Left Port 

INTL 

AO L -- Al0L 

I/OOL- - I/07L 

NC 
NC 

OER 
AOR 
A1R 
A2R 
A3R 
MR 
ASR 
ABR 
A7R 
ABR 
A9R 
NC 
NC 
NC 
II07R 
IIOBR 
II05R 

MB8421 122-90 
MB8421/22-90L 
MB8421 122-12 
MB8421/22-12L 

1IIIillllllllllll~I~llllilllliIIOOlli 
FUJITSU 
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MB8422 - Top View 
(DIP-48P-M02) 

CSL 
WEL 

BUSYL 
iUllL 
OEL 
AOL 
A1L 
A2L 
A3L 
ML 
ASL 
ASL 
A7L 
ABL 
A9L 

Il00L 
I/01L 
II02L 
II03L 
1I00L 
II05L 
II06L 
1I07L 
VSS 

VCC 

~ 
lO!.S.B. 
BUSYR 
AlOR 
OeR 
AOR 
A1R 
A2R 
A3R 
MR 
ASR 
ABR 
A7R 
ABR 
A9R 
I/07R 
II06R 
II05R 
1I00R 
II03R 
1I02R 
II01R 
IIOOR 

Right Port Function 

i'NTR Interrupt Flag 

AO R-- Al0R Address 

I/OOFf- I/07R Data Input/Output 

Power (Common) 

Ground' (Common) 

When a port Is enabled, access to the entire memory array Is 
permitted. Each port has an Independent Output En
able (OE) control that Is active In the read mode and enables 
the output drivers. Non-contention Read/Write conditions are 
shown In the following Truth Table; a simplified block diagram 
of the dual-port SRAM Is shown In Figure 1. 
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MB8421 122-90 
MB8421/22-90L 
MB8421 122-12 
MB8421/22-12L 

NON-CONTENTION READIWRITE CONTROL 
LEFT PORT INPUTS' RIGHT PORT INPUTS' FLAGS 

FUNCTION 
R/WL CS L OEL R/WR CS R OER BUSYL BUSYR 

X H X X X X H 

X X X X H X H 
L L X X X X H 

H L L X X X H 
X X X L L X H 
X X X H L L H 

NOTES: 
1. AO L -Al0 L .. AOR - Ala.,. 
2. H = HIGH, L = LOW, X = Don't Care 

ARBITRATION LOGIC 
The arbitration logic resolves an address match or chip-enable 
match and determines the access priority. In both cases, an 
active "BiJSY flag Is set for the port-In-waltlng. Since both 
ports are asynchronous, there Is the possibility of accessing 
the same memory location from both sides. In the read mode, 
this condition Is not a problem. However, this Is a problem 
when both ports are In a write mode with different data words 
or when one port Is reading and the other Is writing. When both 
ports access the same memory location, the on-chip 
arbitration logic determines which port has access and the 
BUSY flag for the delayed port Is set active LOW and all 
operations on that port are Inhibited. The delayed port can be 
accessed when the BUSY flag becomes Inactive. Basic modes 
of abltratlon are described In subsequent paragraphs. 

ARBITRATION WITH ADDRESS MATCH BEFORE CS 

LEFT PORT RIGHT PORT 

H Left Port In Power Down Mode 

H Rlcht Port In Power Down Mode 
H Data on Left Port Written Into Memory 

H Data In Memorv Outout on Left Port 
H Data on Richt Port Written Into Memorv 
H Data In Memorv Outout on Rlcht Port 

1. When addresses for both the left and right ports match 
and are valid before ~ is active, the on-chip control 
logic arbitrates between CS Land CSR for device 
access. Refer to the following Truth Table for signal 
states; timing detail Is shown later In this data sheet 
under "Data Contention Cycle No.2 (CS controlled).· 

2. When CS Land CSR are LOW before an address match, 
on-chip control logic arbitrates between the left and right 
addresses for device access. Signal states for this 
condition are shown In the following Truth Table; timing 
detail Is shown under "Data Contention Cycle No. 1 
(Address Controlled).· 

FLAGS 
FUNCTION 

R/WL CS L OEL AO L-Al0 L R/WR CSR O~ AO R-Al0 R BUSYL BUSYR 

X LBR X MATCH X L X MATCH H L ~rci~t08~~~~~~nP~~7'~~~~itted 
X L X MATCH X LBL X MATCH L H 

Right Operation Permitted 
Left Operation Not Permitted 

X LST X MATCH X LST X MATCH H L Arbitration Resolved 

NOTES: X = Don't Care, L = Low, H = High, LST= Low Same Time, LBR; Low Before Right, LBL; Low Before Left 

ADDRESS ARBITRATION WITH CS LOW BEFORE ADDRESS MATCH 

LEFT PORT RIGHT PORT FLAGS 
FUNCTION 

R/WL CSL OEL AOL-Al0L R/WR CSR OER AOA-Al0R BUSYL BUSYR 

X L X VBR X L X VALID H L 
Left Operation Permitted 
Right Operation Not Permitted 

X L X VALID X L X VBL L H 
Right Operation Permitted 
Left Operation Not Permitted 

X L X VST X L X VST H L Arbitration Resolved 

NOTES: X = Don't Care, L = Low, H = High, VST = Valid Same Time, VBR = Valid Before Right, VBL = Valid Before Left 
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When both ~L and CSA are low at the same time 
(es controlled) or when both left-and-rlght addresses are 
valid at the same time (address co.ntrolled). the 1rnSVAflag for 
the right port Is set to the active LOW state and access Is 
granted to the left port. 

INTERRUPT FUNCTION 
The Interrupt (iNT) function provides communication between 
systems on both sides of the dual-port RAM. iN'i'L Is set 
LOW when the processor on the right port writes to address 
7FE (AO = Land At-AtO = H). When the left port 
acknowledges by reading address 7FE. iNi'i. Is then reset to 
HIGH. In essence. address 7FE serves as an S-bit mailbox 
that transfers Information from the right port to the left port. 

When iN'i' A Is set LOW. the processor on the left port writes 
to address 7FF (AO-AtO=H). When the right port 

MB8421/22-90 
MB8421/22-90L 
MB8421/22-12 
MB8421/22-12L 

II111111111111111111111111111111111111111111111111 

FUJITSU 
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For the Intel SOS6 and FuJltsu's MBLS086 as well as most other 
microprocessors. the asynchronous BUSY signal can be 
directly tied to the READY Input. providing setup-and-hold 
time requirements are met. 

acknowledges by reading address 7FF. iiifTA Is then reset to 
HIGH. Hence. address 7FF serves as a second S-blt mailbox. 
transferring Information from the left port to the right port. 

On power-up. iN'i'L and iN'i'R are set to a HIGH state. 
However. If one port Is In the standby mode. the standby port 
can stili be Interrupted by the processor on the other port. But 
if the ~ flag Is set to the LOW state. the port associated 

with that flag cannot set or reset the iiifT flag. 

RECOMMENDED OPERATING CONDITIONS 
(Referenced to Vss) 

Parameter Symbol Value Unit 
Min Tv!) Max 

Supply Voltage Vcc 4.5 5.0 5.5 V 

Input High Voltage VIH 2.2 Vcc +0.3 V 

Input Low Voltage VIL -0.3 O.S V 

Operating 
Temperature 

TA 0 70 °c 

DC CHARACTERISTICS 
Recommended Ooeratina Conditions unless otherwise noted. \ 

MBS421-90112 MBS421-90L/12L 
Parameter Symbol Condilion MBS422-90112 MBS422-90L/12L Unit 

Min Max Min Max 
0EEeratlng Sf.p~ Current ICC Cycle = Min 120 90 mA 
( oth ports ct ve) ~~==1~~' 

ISBt ~h pOL!J' at Standby 7 5 mA 
CS & CSA= VIH 

ISB2 Qrie porUt Standby 70 50 mA 
CSL or CSA =VIH. 

Standby' lOUT = 0 mA 
Supply Current ISB3 ~th por!!. at Full Standby 2 0.2 mA 

CSL & CSA::: Vcc -0.2V 

ISB4 One pOr:1..§.t Full Standby 
CSL or CSA::: Vcc -0.2V 

70 50 mA 

lOUT = 0 mA 
Input Leakage Current ILl VIN = OV to Vcc -to to -to 10 IJ.A 
Output Leakage Current ILO CS = VIH. VOUT = OV 

to Vcc 
-to to -to 10 ~A 

Output High Voltage (~~t'!) lOUT = -t.O mA 2.4 2.4 V 

Output Low Voltage VOL lOUT = 3.2 mA 0.4 0.4 V 

8~lFn':b~~~ Voltage for VOL lOUT = 8 mA 0.4 0.4 V 

NOTE: The BUSY and INT pins require pull-up resistors because they are open-drain outputs. 
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~MllmMlllllmmIllIMM~~ 
FUJITSU 

MB8421 122-90 
MB8421/22-90L 
MB8421 122-12 
MB8421/22-12L 1IIIIIImIOO~OOOOlllli 

AC CHARACTERISTICS 

Read Cycle No. 1 2. 3: 

Address 

DOUT 

r·~--------------_tRC------------------~~ 
----~*~----------------------------*~-----

j- tM ~I 
t-- tOH ----I I 

~~,~---------------------------------
15!::!Y::!::!:!!J~7~.. Data Valid 
, ,~-------------------------------

Previous Data Valid 

Read Cycle No. 2 2 : 

Address 

CS 

DOUT 

ICC 
Vee Current 
ISB 

~1·~---------------tRC------------------~·~1 
===*----------------------~*,~---------

i~4~-----tAA--------~a!: 
\\\\\\\\* . iV7lZ//lIl1/ 

r-tCHZ~ 
, ' 

: I : 

t/JWmoozz 
i I---- tAOE+l--~~i 
! ..... tOLz1 ---I : 

High-Z : ' 
Data Valid 

High Z 

I- t PU -1,...-------------'----'-=-_..: 
50% 

Legend: 1m Don't Care ~ Undefined 

NOTES: 

1 . .I!:.ansltlon Is measured at a point of! 500 mV from steady-state voltage with an output capacitance of 5pF. 
2. WE Is High during read cycle. 
3. Device Is continuously selected (iSs = Of = VIL). 
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MB8421 122-90 
MB8421/22-90L IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIIIII~IIIOOIIIII 
MB8421 122-12 FUJITSU 
MB8421/22-12L IIIIIIIIIIIIIIIIIIIIIIIIIIIII~~I. 

AC CHARACTERISTICS (Continued) 
'1~~1~J -~g!~gt M~~1~) :ml"~~ I Parameter Symbol Unit 

Min Mal< Min • Write Cvcle rime twe 90 120 ns 
Address Valid to End of Write tAW 85 100 ns 
Chip Select to End of Write tew 85 100 ns 
Address Setup rime 'AS 0 0 ns 
Write Pulse Width twp 60 70 ns 
Write Recoverv rime 'WR 0 0 ns 
Data Valid to End of Write tow 40 40 ns 
Data Hold rime OH 0 0 ns 
Write Enable to Output Low-Z (Note 41 OW 0 0 ns 
WriteEnable to OutDutj-iigh-ZlNole 4) twz 40 50 ns 

Write Cycle No. 1 (WE Controlled) 1,2 

____ ~~I~==============~'~w~e================~~Ir-------

Address *~==~======:~~~======[==:*'-___ _ 14 lAw ~I: 
, I- tew -------1 • .,,1 '7'"'>"TT";:TT7'7'T:rr7'7'T:rT \\\\\\'$\\% tzmamomoz 

WE f- tAs 1.S\wt.~I4------ twP---.. ·~t~~t~w~R~1i: ___ __ 

I+-- tow .1- tOH f.I 
Hlgh-Z ! . Hlgh-Z 

K Data Valid i ~ DIN 

cisssss\\\\ 
Hlgh-Z 

Write Cycle No.2 (CS Controlled) 1,2,3 

I- twe ================~.t.1 ____ _ 
Address---""*,...---------------------~)[r--. ___ _ 

I_ I I lAW ~I: 
• - tew --------i.~Irr,r'T'l~: 'T'TlrT7'TTT7 
i "'is,," tlZzmlllOWl 

tAS H i I- twp .... tWR:;j" 
I. • 

~\~STS~SS~STS~ssns~~~~~s~s~S\ns~Si +r; ---------
:: ~ to\ll' _,_ tOH-..i 
:: ~ _-I Hlgh-Z High Z 
. i ~ Data Valid! ); r-- tLZ .~ twt'~ ~ tow4 ~ 

DOUT -------+r-----lC~WXXXX&XXXXf Hlgh-Z ~ 

DIN 

Legend: 1m Don't Care ~ Undefined 

NOTES: 
1. The Write Enable (WE) signal must be high during an address transition. 
2. If the Output Enable (OE) and Chip Select les) signals are In the Read Mode, the associated 110 pins are In the output 

state; accordingly, Input signals of opposite phase must not be applied to the outputs. 
3. If CS goes high prior to or coincident with the low-to-hlgh transition of WE, the output remains In high-Impedance state. 
4. This parameter Is specified at a point ~ 500 mV from steady-state voltage with an output capacitance of 5 pF. 
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111~IM~MI~IOOIMMIIIMII 
MB8421 122-90 
MB8421/22-90L 
MB8421/22-12 
MB8421/22-12L 

FUJITSU 

1IIIIIIIOOlllillll~IOOIOOIIIIIIIIOOII 

Data Contention Cycle No. 1 (Address Controlled)" 2: 

f13~~::SLRI-) ___ oJ*' Address L = Address R 1'-------------
\--tAPS! ; 

Address R ________ oJi, Address L =:' Address R 
(Address L) . 

i---tsAA-1 I+- tSDA_1 
:: : , , 
! ! 
: : , , , , 

--------------------~~ J.r-------
: ' 

Data Contention Cycle No. 2 (CS Controlled)" 3: 

~ Address L = Address R 

j.-- tAPS---*! 

: ; , 
----------..... ~ Address L = Address R 

j.-- tSAC --i;; L-----..i r- tSDC~ 
: : 

+'------------.Jt 
NOTES: 

,. In case of dual-access at the same memory location. the port that accesses the RAM first sets the BUSY flag HIGH. 

2. Chip Select {CS) signal must be low before or coincident with an address transition. 

3. Address is valid prior to or coincidence with the high-to-Iow transition of Cs . 
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MB8421 122-90 
MB8421/22-90L 1111111111111111111111111111111111111111111111111111111111111111 

MB8421 122-12 FUJITSU 
MB8421/22-12L 11111111111111111111111111111111111111111111111111111111111111111 

AC CHARACTERISTICS 
Parameter 

Interrupt Cycle 'Timing 

Address R W ~,,-__________ _ 
(Address L) __ --'PZ 7FE (7FF) _""'_ 

f- tAS -J r tWA-j 

-----~~~ ____ ~1~---L---------------------
~~J~::s LR)~======::===:+-it-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-=~'--7-FE-(-7F-F-) -----

! ~tWR~ 

WEL 
(WEA ) 

DEL 
(OE A ) 

: : I 

/lllITmzzlllo;)vmZZZZVlmJlllM : . , 
f I:' I .: 

\\\\\\\\\\\\\\\$\\\\\\\\\\\\\\\\\\\\\\\\\$, 

I- t'NS-/ i I--- tiNA --! 
- -------------11'----___ : : : : 

: 'lk i' r--
:: I---- tINA----.j 

Legend: ~ Undefined 
NOTE: MB8421 only. 
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11111~llilll~lllli~I~llllllill~lillillilllllll~I~111 ~:~:~ ~ ~~~=~gL 
FUJITSU MB8421/22-12 

1~111~111111~11~111~11111111111111~111111~llilll~ MB8421/22-12L 

AC CHARACTERISTICS (Continued) 
DATA RETENTION PARAMETERS & TIMING 

Yee : Data Retention Mode l~ ______ _ 
-------4-.5-Y'""~-- ___ ..Y~ ___ ___ ) 4.5Y 

I-- tORS ------i i---- tR_1 

Cs llllf. \ Cs~ Ycc-0.2Y I,....-....;~ .... \.....,\\,...S .... S'"'S\ 
: 2.2Y 2.2Y· 

NOTE: Yee = YDR = 3Y 
eSL & eSR ~ Yee - 0.2 

AC TEST CONDITIONS 

Input Pulse Levels: 0 to 3. OY 

Input Pulse Rise & Fall Times: t R. tF= 5ns 

Timing Reference Levels: 1. 5Y 

Output Loads: 
110 -----4 

NOTE: Includes Jig and stray capacitance. 

4-64 

12500 

7750 

Legend: ~ Undefined 

_~+5Y 5750 

BUSY 
..!... 
INT 

50pF 
llNotS) 



PACKAGE DIMENSIONS 

MB8421/22-90 
MB8421 122-90L 111111111111111111111111111111111111111111111111111111111111111 

MB8421/22-12 FUJITSU 
MB8421 122-12L 1111111111111111111111111111111111111111111111111111111111111111 

48-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE NO.: DIP-48P-M02) 

2372:+:g?~(6025 :+:g~g) 

II 034:+:J>20 II .050:+:J>20 

(0.865:+:g·5O) (1.27:+:g·5O) 

.050(1.27) 100(2.54) 
MAX TYP 

© 1988 FUJITSU LIMITED D48003S-3C 

0 

.018±.003 

(0.45 ± 0.08) 

"' 
-, 

~""'.~' 
.118(3.00) MIN 

.020(0.51) MIN 

Dimensions in 

inches (millimeters) 

4-65 

l1li 



II~IIIIIII~IIIIIIIIIIIIIIIIIIIIIIIII 
FUJITSU 

111111111111111111111111111111111111111111111111111111 

MB8421 122-90 
MB8421/22-90L 
MB8421/22-12 
MB8421/22-12L 

PACKAGE DIMENSIONS Continued 

64 LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-64P-M01) 

"A" "8" 

~~~_.I, 
I I _70~8:6~0~;5) 'C_, I "l! 
~.878±.016(22.30±0.40)~ 

© 198B FUJITSU LIMITED F64005S-6C 

4-66 

.736±.016 
(18.70±0.40) 

.132(3.35) MAX 

(SEATED HEIGHT) 

.002(0.05) MIN 

I (STAN DOFF) 

~ J 
.642±.016 

(16.30±0.40) 

.472(12.00) 

-Lr 
11 II .006±.OO2 

(0.15 ± 0.05) 

Dimensions in 

inches (millimeters) 



PACKAGE DIMENSIONS Continued 

52-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-52P-M01) 

~1~~-~~~:~1~'86~0~~~gO=1~~(4~7'2~S~~~g~~g~)~~~~~1 
f 

.S43±.010 

L¥i'im=;;=;:;=rn=;m=;;=;:;=n=;:;m=n=r=iTTi=n=rrn=iTTi=n=rrn=r=rI" J" '" 

MB8421/22-90 
MB8421/22-90L 
MB8421 122-12 
MB8421/22-12L 

.070±.007 
(1.778±0.18) 

Q.207(S.2S) MAX 

'-f--1.118(3.00) MIN 

.020(0.Sl) MIN 

1.750(44.4S} REF 

© 1988 FUJITSU LIMITED D52002S-2C 
Dimensions in 

inches (millimeters) 

IIIIII~I~~IIIIIIOO~IIIMIW~I 
FUJITSU 

IOOII~IOOIIIIII~IIIIIIII~IIIIII~11111 
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October 1989 
Edition 1.0 

DATA SHEET 

AliJ8431/32-90~90Ll-90LLI-121-12L1-12LL 
CMOS 16K-BIT DUAL PORT SRAM 

2K X 8-BIT CMOS DUAL PORT STATIC RANDOM 
ACCESS MEMORY 

The Fujitsu MB8431132 are 2K words x 8 bits Duel pelt high;lerformance-stalic Random 
Access Memories (SRAMs) fabricated in CMOS. The SRAMs use esynchronous circu~s; 
Ihus no eX1l9maI clockes are required. 

The MB8431 and MB8432 provide !he user wilh two separalaly contorolled I/O poIts wilh 
independent address. Chip select ~). Wrile Enable ~). Output Enable iQt) and 110 
functions. 

This arrangement permits independent access to any memory location for either a Raad or 
Wr~ operation - a usefulleature for shared data processing app6cations. These devices 
have lin automatic power-down feature controlled by (CS). 

To avoide data contantion on Ihe same address, a (~ input is provided for address 
arbitration; In addition, MB8431 utilizes (1IiITi tlag which allows communication between 
syslems on either side of !he RAM. 

801h devices use a single +5volt power supply and all pins are TTL-<XlfTlpatible. A simplified 
block diagram of !he SRAM is shown in Figure 1. 

Some typical applications for !hese memory devicas are multiprocessing syslems, 
distributed networks, exlernal register files and peripheral controllers. 

• Organization: 2048 words x 8 bU 

• Static operation: No clocks or timing strobe required 

• Fast access time: 1M=t..cs=9Ons max. (MB8431132-90 
MB8431132-90U-90LL) 

1M=t..cs=12Ons max. (MB8431132-12 
MB8431132-12U-12LL) 

cP 
FUJITSU 

DIP-52P-M01 
(MB8431) 

FPT-64P-M01 
(MB8431) 

DIP-48P-M02 
(MB8432) 

• Low power consumption: 660mW max. (801h peltS active) PIN ASSIGNMENT 
385mW max. (One port active) 
38.5mW max. (801h poIts standby, TTL) 
l1mW max. (801h peltS standby, CMOS) 

L-versionlLL-version: 495mW max. (801h poIts active) 
275mW max. (One port active) 
27.5mW max. (801h poIts standby, TTl) 
1.lmA max. (801h ports stanclly, CMOS) 

• Single +5V supply ±10% tolerance 

• TTL compatible inputs and outputs 

• ThrelHltale outputs with OR-tie capability 

• All inputs and outputs have prolection against static charge 

• Data Relention Voltage: 2V min. 

• Ac:Idress Arbitration Function: BUSY input 

• Inlerrupt Function for Communication 
between Sys\ems (MB8431 only): INT flag 

• Expanding capabil~ using MB842,1122 (Master)-MB8431132 (Slave) 

COpyright. 19811b\' FUJITSU UMITED 

See Page 15 
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MB8431/32-90/-90U-90LL 
MB8431/32-12/-12U-12LL 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 
Radng Symbol Value 

Supply Voltage Vee -0.510+7 

Input Voltage on any pin with respect V,N 
-0.510 

10 Voa Vee +0.5 

Output Voltage on any I/O pin with Vwr -0.510 
respect 10 V .. V",,+O.5 

Output Current louT ±20 

Power dissipation PD 1.0 

Temperature Under BIas Til .. -10 to +85 

Slorage Temperature T .. G -40 10 +125 

Unh 

V 

V 

V 

rnA 

W 

"C 

"C 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restric18d 10 the conditions as 
detailed in the operational sections of this data sheet Exposure 10 absolute 
maximum rating conditions for extended periods may affect device reliability. 

PIN NAMES 

LEFTPORT RIGHT PORT NAMES 

Chip 
CSc CSR Select Input 

Write 
WEL WER Enable Input 

Output 
OEL OER Enable Input 

Interrupt" 
INTL INTR Flag Output 

Busy 
BUSYL BUSYR Flag Input 

AOL 10 Al0L AORto Al0R 
Address 

Input 

I/OOLtoVOh VOOR 10 V07R Data 
InputlOutput 

V"" Power 

GND Ground 

": Applies 10 MB8431 only. 
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MB8431132-90/-90U-90LL 
MB8431/32-121-12U-12LL 

Fig. 1 - MB8431/32131L132L BLOCK DIAGRAM 

OEl 

VOOl - -I/o7l 
Left Daia 
Port 

A1c--A1Ot. 

BUSYl 

INTdNote) 

;:::: 

8 

4 

........ 7 -

-
Note: MB8431 only. 

')- WEl 

~' 
l VO Buffer 

I Column 
.t 

I Decoder , 

Row ~ 
Decoder i'rv' 

Memory Array 

InIBrrupt Logic 

I I 

CAPACITANCE (TA =25°C,f=1MHz) 

Parameter Symbol 

Input Capacitance (VI N=OV) C,• 

1/0 Capacitance (VI/o~OV) Coo 

....... 
WE.r-<: [ 

~ 
1/0 Bufler J 

~ 

) Column I 
Decoder I 

r 

~ Row 

jv-I Decoder 

Typ Max 

10 

10 

8 

4 

7 .--. 

I ........ 

Unit 

pF 

pF 

WE. 
Cs. 

OE. 

Il00 .... -1/07. 
Right Data 
Port 

A7 .... -Al0. 

AO .... -AS. 

BUSY. 

INT. (NolB) 
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MB8431/32-90/-90U-90LL 
MB8431/32-12/-12U-12LL 

RECOMMENDED OPERATING CONDITIONS 
(Referenced to YSS) 

Parameter Symbol Uln Typ Uax 

Supply Voltage V~ 4.5 5.0 5.5 

Operating Temp&ralU/8 T. 0 70 

DC CHARACTERISTICS 
(Recommended operating condHlons unless otherwise noted.) 

MB84311 MB84311 
Paramater Symbol Condition MB8432-e0/12 MB8432-eOlJ9OLU12U12LL 

Min Max Min Max 

Operating Cycle=Min. 
Supply Curlllnt I~ Duty=I00% 120 90 
(Both ports ActiYe) lour-OmA 

lsa, Both P.Qrts=Standby 7 5 es.. & CS.=V'H 

One pqrt=Standby 
I ... es.. or CSo=V'H. 70 50 

Standby lour=OrnA 

Supply CUI'IlInt 

I ... Both ~=Full standby 2 0.2 Cs.. & ~Vcc-O.2V 

One pqrt=Full standby 
I ... es.. or C~Vcc-O.2V. 70 50 

Iour-OrnA 

Input Leakage Current lu V'N=OVtoV~ -10 10 -10 10 

Output Leakage Current 11.0 CS=V'H. 1I0=OV to Vee -10 10 -10 10 

Input High Voltage V'H 2.2 V~+0.3 2.2 V~+0.3 

Input Low Voltage V'L -0.3"1 0.8 -0.3"1 0.8 

Output High Voltage VOH "2 lour--l.0mA 2.4 2.4 

Output Low Voltage VOL lour=3.2mA 0.4 0.4 

Output Low Voltage for 
VOL lour=8rnA 0.4 0.4 Open-Drain 

"I Undershoot -3.0V min at less than 20ns pulse width. 
"2 The INT pins require pull-op resistors because they are open-<lrain outputs. 
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Unit 

V 

"C 

Unit 

rnA 

rnA 

rnA 

mA 

rnA 

tJA 

tJA 

V 

V 

V 

V 

V 



• Input Pulse lIMIls: 
• Input Pulse Rise & Fall Times: 
• TIming Rel8f8nee Levels: 
• Output Load 

+5V 

110 ---.------1 

AC TEST CONDITIONS 

OV toS.OV 
tR, tF=5ns 
1.5V 

12500 

7750 

MB8431/32-90/-90U-90LL 
MB8431/32-12/-12U-12LL 

5750 

INT ------~ 

• Including Jig and stray capacitance 
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MB8431/32-90/-90U-90LL 
MB8431/32-121-12U-12LL 

AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 
READ CYCLE 

MB8431~Ol9OlJ9OLL 

Parameter Symbol MB8432~I9OU90LL 

Min lIax 

Read Cycle Time 

"'" 
90 

Address Access Time t.... 90 

Chip Select Access Time t..cs 90 

Oulpul Enable Access Time t..oE 40 

Oulpul Hold from Address Change 10. 10 

Chip Select to Oulpul Low--Z *2 IeLZ 5 

Oulpul Enable 10 Outpul Low--Z *2 IoLZ 5 

Chip Select 10 OuIPUI High-Z *2 IeHZ 40 

Outpul Enable 10 Outpul High-Z *2 10Hz 40 

Power up from Chip Select !Pu 0 

Power down from Chip Select !Po 50 

MB8431-12112U12LL 
1IB8432-12112U12LL Unit 

IIln lIax 

120 ns 

120 ns 

120 ns 

50 ns 

10 ns 

5 ns 

5 ns 

50 ns 

50 ns 

0 ns 

60 ns 

READ CYCLE No. I (ADDRESS CONTROLLED) (CS=OE=V,c) 

ADDRESS r ____________ ""'_~~~~~~~~~~~~~~~~~~-eI*======== 
'1:= t....~ 

PREVIOUS DATA VA~D ~=============~DA~T~A=V:A=L~ID============= 
READ CYCLE No. II *1 (CS CONTROLLED) 

ADDRESS t .. :::::::::::::::::::--I""----------...... *----
t .' 

I 
HIGH-Z 

DATA VALID Dour 

os I.- .. 1 ..... 5O%------~lcc---_I_. -t.o-:L 
VccCURRENT 

~ : Oon'l Care IZZ.ZI : Undefined 

Note: *1 Address should be fixed before high-to-low transition of CS. 
*2 This parameter is specified allhe point of ±500mV from steady stale voltage wilh outpul capacitance 5pF. 
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MB84~1/32-90/-90U-90LL 
MB8431/32-121-12U-12LL 

WRITE CYCLE 

MB8431-80I9OU90LL MB8431-12112U12LL 
Parameter Symbol MB8432~OI9OU90LL MB8432-12112UI2LL Unit 

Min Max Min Max 

Write Cycle TIme !we: 90 120 ns 

Address Valid 10 End of Write lAw 85 100 ns 

Chip Select to End of Write lew 85 100 ns 

Address Setup TIme t..s 0 0 ns 

Write Pulse Width /wp 60 70 ns 

Write Recovery Time twA 0 0 ns 

Data Valid 10 End of Write low 40 40 ns 

Data Hold TIme !ott 0 0 ns 

Write Enable 10 Output Low-Z *4 low 0 0 ns 

Write Enable 10 Output High-Z *4 Iwz 40 50 ns 

~----------------!we: ----------------~ 
ADDRESS 

lAw :1 

D'N 

Dour 

Note: ., WE must be high during address transition. 
"2 "OE, CS are in the READ Mode, 110 pins are in the output state so thatthe input signals of opposite phase 10 the outputs mustnot 

be-.!EPlied. _ 
*3 If CS goes high prior 10 or coincident w~h WE transition 10 high, the output remains in high impedance state. 
"4 Transition is measured at the point of ±50OmV from steady state voltage with CL=5pF. 
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MB8431/32·90/·90U·90LL 
MB8431/32·12/·12U·12LL 

WRITE CYCLE No. II *1 '2 '3 : (CS CONTROLLED) 

ADDRESS 

t..s 

,\. 

\.\.\.\.\.\.\.\.\.\.\.\.\. 

D,N 

IeLZ '4 

!we 

t..w IwA .... 
lew 

twp 

j//////// 

I--- low ---
__ tDH -10 

DATA VALID 

Iwz '4 

Door 
HIGH-Z ,xxXXXX HIGH-Z 

~ : Don't Care IZZ2] : Undefined 

Note: '1 WE must be high during address transition. 
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*2 II OE, CS are in the READ Mode, 110 pins are in the output state so that the input signals 01 opposite phase to the outputs must not 
~plied. _ 

'3 II CS goes high prior to or coincident with WE transition to high. the output remains in high impedance state. 
'4 This parameter is specified at the point 01 ±5OOmV from steady state voltage with output capacitance 5pF. 



MB8431/32-90/-90U-90LL 
MB8431/32-121-12U-12LL 

SLAVE BUSY TIMING 

MB8431~OI9OU90LL 

Parameler Symbol MB8432~I9OU90LL 

Min Max 

Busy Access Time leo 0 

Write Set Up TIme To Busy Iws -10 

Write Hold TIme From Busy IwH 20 

CONTENTION READ CYCLE No. I •• '2 : (ADDRESS CONTROLLED) (CS=OE=Vd 

ADDRESS. 
(ADDRESS 0 

BUSY. 
(BUSY0 

DOUTR 
(DOUT,) 

CONTENTION READ CYCLE No. II •• '3 : (CS CONTROLLED) 

BUSY. 
(BUSY,) 

MB8431-12112U12LL 
MB8432-12112U12LL 

Min Max 

0 

-10 

25 

DATA VALID 

DATA VALID 

Nole: •• ~ case of dualaccess at the same memory location, the port that access the RAM first sets the BUSY flag high. 
'2 CS must be low before or coincident with transition of address. 
'3 Address is valid prior to cincident with high--tcrlow transition of CS. 
'4 This parameter is specified at the point of ±500mV from steady state voltage with output capacitance 5pF. 

Unit 

ns 

ns 

ns 
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MB8431/32-90/-90U-90LL 
MB8431/32-121-12U-12LL 

CONTENTION CYCLE TIMING DIAGRAMS 

CONTENTION WRITE CYCLE No. 1'1 '2'3 (WE CONTROLLED) 

ADDRESS R 

(ADDRESS,) 

BB'tWv: ( ,) 

~ 
(WE,) 

DINA 
(DINo.l 

t..s .' 

I-- tws .... 

CONTENTION WRITE CYCLE No. "'3:'1 '2'3 (CS CONTROLLED) 

~ 
(CSo.l 

BUSY. 
(BUSY,) 

Note: '1 W~ must be high during address transition. 

... tws .... 

... twR 

-twH-
IwP 

-low !ott 

DATA VALID 

I--- IwH -
IwP 

r///////// 

-low 
IoH 

DATA VALID 

'2 VO pins are in the output state, so the input signals of opposite phase must not be applied. 
'3 During BUSY input is low, write operation can not be excuted even if WE is low. 
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INTERRUPT TIMING *1 

Parameter 

INTSetTime 

INT Reset Time 

INTERRUPT CYCLE TIMING DIAGRAMS *1 

INTERRUPT CYCLE 

ADDRESS. 
(ADDRESSJ 

~ 
(WEJ 

ADDRESS L 

(ADDRESS.) 

Nole: ·1 Applies to MB8431 only. 

Symbol 

~NS 

~N. 

MB8431~/90U90LL 
MB8432~/90U90LL 

IIln lIax 

80 

80 

MB8431/32-90/-90LJ-90LL 
MB8431/32-121-12LJ-12LL 

MB8431-12112U12LL 
MB8432-12112U12LL Unll 

IIln lIax 

100 ns 

100 ns 

7FE (7FF) 

IZ'Z2] : Undefined 
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MB8431/32-90/-90LJ-90LL 
MB8431/32-121-12LJ-12LL 

DATA RETENTION CHARACTERISTICS 
(Recommended operatIng condHlons unless otherwIse noted.) 

Parametar 

Data Retantion Supply Voltage 

Standard 

Data Relention Supply CUrTent 'I L-Version 

LL-Version '2 

Data Relention Setup Time 

Operation Recovery TlfTle 

Note: 'I VOC=VDR=3V, CSL & CS~Vee~.2V 
'2 VDR=3V, T.=O"C to 40DC 

DATA RETENTION TIMING 

DATA RETENTION 

Symbol 

VDR 

IDR 

leAs 

'" 

IIIln 

2.0 

0 

"'" 

Typ 

Vee 4.5V VDR 4.5V --------------

Max Unit 

5.5 V 

0.2 mA 

20 II-' 
2 II-' 

ns 

ns 

5 DATA RETENTION MODE -t 
zzJ; ~ ~,-~ '~ 

POWER ON/RESET CHARACTERISTICS 
(Recommended operatIng condHlons unless otherwIse noted.) 

MB8431~O/90U90LL MB8431-12112U12LL 
Parameter Symbol MB8432~O/90U90LL IIIB8432-12112U12LL Unit 

Min Max Min Max 

Power Up Time 'I tVR 0.05 50 0.05 50 ms 

Power 011 Time '2 loF, 1 1 S 

'I This is required \0 keep normal operation for power on/reset circuit which initialize INT output to "W automatically when V cc is applied. 
'2 This is required \0 keep normal operation for power ontreset circuit which Vee is repeatly tum ontoff. 

POWER ON/RESET TIMING 

Vee ~ 0.2V 

IvR 

4-80 



function Description' 
1. ORGANIZATION: 

MB8431/32 are 2K words x 8 bit Dual port Static Random Access Memory. 

MB8431/32-90/-90U-90LL 
MB8431/32-12/-12U-12LL 

Each port has independent addresses, chip select lCSi, write enable (WE), output enable (DEi and data input/output (VO) functions. 

2. SLAVE BUSY FUNCTION: 
In order to do bit expansion using 8 bit width dual port RAM such as MB8421122, two or more parts should be connected parale!. But such 
case, there is a possibility, which depends on arbitration timing, of outputting BUSY signal to different ports and put both CPUs in waiting state. 
This causes a trouble. Using MB8431/32 which have slave busy function (busy input) is one of the solutaion for such trouble. Bit expansion is 
easily achievable to pair-use slave type dual port RAM such as MB8431132 and master type dual port RAM such as MB8421/22. 

(Example) 
As an example, Figl shows 16 bit dual port memory system. 
In this system, master type Dual port RAM (MB8421/22) judge arbitration for address contention and output result of the judgement from BUSY pin. 
This output retumed to CPU and make the CPU in waiting state and also the output is appned to slave type dual port RAM (MB8431/32). 
Though slave type dual port RAM (MB8431132) do not judge for arbitration, they have BUSY input pin and inhibit write operation of the 
correspondent port during "L" signal form BUSY output of master type dual port RAM (MB8421122) is applied to the BUSY input. 
A system consists of one master dual port RAM (MB8421122) and three slave dual port RAMs (MB8431132) is harmonized for 32 bit application. 

CPUL CPUR 

ROY 1/0 A A 1/0 ROY 

."'16).. ...(').. ...(').. ."'16).. 

~ 
rV 

AL AR~ 
MB8421 

4 or l1-MB8422 
liCe (Master) 1/0. 

IV rv-- f--- BUSYL BUSYR f--- f--e 

~ 
'/ AL AR~ 

II' 'I 

MB8431 

~ 
or 

l1 MB8432 
liCe (Slave) 110. y I'( 
BUSYL BUSYR 

4-81 

lEI 



MB8431/32-90/-90LJ-90LL 
MB8431/32-121-12LJ-12LL 

3. INTERRUPT FUNCTION: 
The interrupt function (INT) is provided 10 allow communication between 1I1e systems on ei1l1er sides of the dual-port RAM. INT L is set 10 
low, when the processor on 1he right port writes to eddress 7FE (AO=L and AllO Al0=H). INTLis 1hen rasetto High, when 1I1e left port 
acknowledges by reeding the same address 7FE. Thus 1he address 7FE is like a 8 bit word mail-box transferring information from 
1he right-port 10 1I1e Ieft-port. 

I NT R on 1he 01l1er hand is set 10 low, when processor on the left port writes 10 1I1e address 7FF (A=<l1O A 1 O=H). INT R is reset to High, when 
the right port acknowledges by reading this address. Hence, the address 7FF is a second 8 bit word mail-box transferring information form 
1he left port to the right port. 

The INTLand INTRare sello High on power-up. If the portis in 1he standby mode, It can still get interrupted by 1he procassoron the 01l1er 
side. 

In case he BUSY flag is set to low, 1hen 1I1e pertinent port can not set or raset the INT flag. 
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Q§.. 
WE, 
BUSYl 
Al0l 
OEl 
AOl 
All 
A2L 
A3l 
A4l 
A5l 
ASl 
Ah 
ASl 
A9l 
IlOOl 
1I0h 
1I00l 
I/00l 
lI04l 
I/OSl 
IIOSl 
I/0h 
GND 

TOP VIEW 

MB8432 

N.C. 
OE l 

AOl 
All 
A2l 
A3l 
A4l 
ASl 

AS l 

Ah 
ASl 

A9L 

N.C. 
N.C. 
N.C. 
IIOOL 

I/0l l 
I/02 l 

V03l 

Yr&. 
.Q§s 
WE. 
BUSY. 
A1Qa 
OE. 
AO. 
Al. 
A2. 
A3. 
A4. 
A5. 
AS. 
A7. 
AS. 
A9. 
1107. 
I/OS. 
V05. 
1104. 
V03. 
1102. 
1/01. 
1/00. 

MB8431 

Q§.. 
WE, 
BUSYl 
INTl 
N.C. 
Al0l 
OEL 
AOL 
AlL 
A2l 
A3l 
A4l 
A5l 
ASl 
Ah 
ASl 
A9l 
I/00l 
II0h 
1/02l 
I/03l 
I/00l 
I/05l 
I/OSl 
II0h 
GND 

N.C. 
N.C. 
OE. 
AO. 
Al. 
A2. 
A3. 
A4. 
A5. 
AS. 
A7. 
AS. 
A9. 
N.C. 
N.C. 
N.C. 
1/07. 
I/OS. 
1/05. 

MB8431/32-90/-90LJ-90LL 
MB8431/32-12/-12LJ-12LL 

TOP VIEW 

Yr&. 
.Q§s 
WE. 
BUSY. 
INT. 
N.C. 
Al0. 
OE. 
AO. 
Al. 
A2. 
A3. 
A4. 
AS. 
AS. 
A7. 
AS. 
A9. 
1/00. 
1/01. 
1/02. 
1/03. 

ID 1/04. 
I/OS. 
I/OS. 
1/07. 

MB8431 
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MB8431/32-90/-90LJ-90LL 
MB8431/32-121-12LJ-12LL 

52-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(Case No. : DIP-52P-MOI) 

1.860!:g~~(47.25!gjg) -------11 
~~~~~~~~~~-, 

.543±.010 

u;::;:rn=miTTin;::mrn=mii'Tin;::mrn:;:;=;ii'Tin;::mrn=n=~J"'" 

.070( 1. 778) 

MAX 

.070±.OO7 
(1. 778±O.18) 

1------- 1.750(44.45) REF -------1 

© 1988 FUJITSU LIMITED 052002S-2C 
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MB8431/32-90/-90U-90LL 
MB8431/32-12/-12U-12LL 

48-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(Case No. : DIP-48P-M02) 

t-------2.372:::8?~(6025:::gjg)-----~·-I1 

---, 
.543±.010 

(13.80±0.25) J .600(15.24) 
TYP 

ifFFF'f'i"i"FnTFim=Fi'FFFf'FFFf"i9"i9'''i9''i9''Ff''Fi'''Ff''Fi'';=;=;=j=jFil L1 ----_ , 
o 

11050:::g20 

(1.27:::g· 50) 

MAX TYP 

Dimensions in 
© 1988 FUJITSU LIMITED D48D03S-3C inches (millimeters) 
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.. 

MB8431/32-90/-90LJ-90LL 
MB8431/32-121-12LJ-12LL 

64- LEAD· PLASTIC FLAT PACKAGE 
.132(3.35) MAX 

(Case No.: FPT-64P-MOI) 
(SEATED HEIGHT) 

LEAD No. 

"A" "B" 

f1u=~i§O~'00~6(0'I!t5) ~~--' ~":--:) 
--.709(IB.00) REF 

.878±.016(22.30±0.40) 

© 1988 FUJITSU LIMITED F64005S-6C 
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.736±.016 
(IB.70±0.40) , 

.642±.016 
(16.30±0.40) 

.472(12.00) 
REF 

II .006 ± .002 
(0.15±0.05) 

r---- ----- -- ------, r---- ------ -- ---- ---, 
i Details of ''A'' part I: Details of "B" part I 
I II I 

i 16(040) iik' : 
: .007(0.1 B) :: - : 

: MAX :: .047±.OOB : 
: .025(0.63) :: (1.20±0.20)' 
: MAX :: : , __________________ JL ___________________ ...I 

Dimensions in 

inches (millimeters) 



Section 5 

Wide Temperature Ranae SRAMs - At a Glance 
Maximum 
A_aa Package 

Page Device nma(ns) Capacity Options 

5--'3 MB81C68A-45W 45 16384 bits 20-pin Ceramic DIP 
(4096wx 4b) 

5-11 MB81C78A--45W 45 65536 bits 28-pin Ceramic DIP 
(8192wx8b) 32-pad Ceramic LCC 

5-23 MB81C79A--45W 45 73728 bits 28-pin Ceramic DIP 
(8192wx9b) 32-ped Ceramic LCC 

5--'35 MB8484A-l0W 100 65536 bits 28-pin Ceramic DIP 
-15W 150 (8192wx8b) 32-ped Ceramic LCC 
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October 1989 
Edition 1.0 

MB81C68A-45-W 

cO 

DATA SHEET 
FUJITSU 

CMOS 16K-BIT HIGH SPEED SRAM 
4096 WORDS x 4 BITS SRAM WITH HIGH SPEED 

AND AUTOMATIC POWER DOWN 

The Fujitsu MB81C68A-W is 4096 words x 4 bits static random access memory fabricated 
with a CMOS silicon gate process. The memory utilizes asynchronous circuitry and may be 
maintained in any state for an indefinite period of time. All pins are TTL compatible and a 
single 5 volts power supply is required. 

A separate chip select (CS) pin simplifies multi package systems design. It permits the 
selection of an individual package when outputs are OR-tied. and furthermore on selecting a 
single package by OS, the other deselected packages automatically power down. 

All devices oller the advantages of low power dissipation, low cost, and high performance. 

• Organization: 4096 words x 4 bits 

• Static operation: No clocks or timing strobe required 

• Fast ecces time: tM = t ACS= 45ns max.(MB81C68A-45-W) 

• Low power consumption: 495mW max. (Operating) 
193mW max. (TTL standby) 
110mW max. (CMOS standby) 

• Single + 5V supply ± 10% tolerance 

• TTL compatible inputs and outputs 

• Three-state outputs with OR-tie capability 

• Chip select for simplified memory expansion, automatic power down 

• All inputs and outputs have protection against static charge 

• Standard 20;lin DIP (Suffix: CZ) 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 

Rallng Symbol Value 

Supply Voltage Vee ~.5to 6.0 

Input Voltage on Any Pin with respect 
, 

toGND VIN -0.5 toVee + 0.5 

Output Voltage on Any I/O Pin with 
respect to GND 

V OUT -0.5 to V CO + 0.5 

Output current lOUT ± 20 

Power diSSipation Po 1.0 

Temperature under Bias T BIAS -55 to 125 

Storage Temperature T STG ~to150 

Unit 

V 

V 

V 

mA 

W 

°c 
°c 

NOTE: Permanent device damage may occur if the above Absolula Maximum 
Rallne_ are exceeded. Functional operation should be restricted to the 
condibons as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

CERAMIC PACKAGE 
CERDIP 

(DIP-20C-C03) 

PIN ASSIGNMENT 

Vee 
As 

Ag 

A10 

An 

V01 

A1 V02 

V03 

V 0, 

GN WE 

~~~dueCO~~~:~~ ~=::: ~~~t: ,:~:~ 
However, Ills advised that normal precautions be taken to 
avoid 8$lPIIcation 01 any voltage higher than maxl1"nJm rated 
voltages to INa high Irrpedance circuit. 
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MB81C68A-45-W 

Fig.1 - MB81C68A BLOCK DIAGRAM 

A, 
---0 Vee 

As ---0 GND 

As • 128 x 128 

• MEMORY CELL 

A7 ROW 
SELECT • ARRAY 

As 

Ag 

A10 

110 CIRCUITS 
1/0, 

1/0:1 INPUT COLUMN 
DATA SELECT 

1/0, CONTROL 

1/0, 

CSn....-....... r-, 

TRUTH TABLE 

Cs WE MODE 1/0 POWER 

H X NOT SELECTED HIGH-Z STANDBY 

L L WRITE D IN ACTIVE 

L H READ DOUT ACTIVE 

CAPACITANCE (TA= 25°C,f= 1MHz) 

Parameter Symbol Typ Max Unit 

Input Capacitance (V IN = OV) C IN 6 pF 

CS Capacitance (V cs = OV) CGg 7 pF 

1/0 Capacitance (VI/O = OV) C VO 8 pF 

5-4 



MB81 C68A-45-W 

PIN DESCRIPTION 
(Referenced to GND) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 V 

Input Low Voltage V IL --{l.3 -I 0.6 V 

Input High Voltage V IH 2.4 Vcc + 0.3 V 

Ambient Temperature TA -55 125 ·C 

Note: - -2.0V Min. lor pulse width less than 20 ns. (V IL Min = --{l.3V at DC level) 

DC CHARACTERISTICS 
(Recommended opereatlng conditions unless otherwise noted.) 

Parameter Teat Condition Symbol Min Typ Ma. Unit 

Input Leakage Current VIN =OVtoV cc III -10 10 !LA 

Output Leakage Current 
Cs=V IH , 

ILO -50 +50 !LA 
VI/O =OVto Vee 

Active (DC) Supply Current 
lOUT =OmACS=V IL • 

Icc, 25 70 mA 
VIN = V IL or V IH 

Operating Supply Current 
Cs= V IL 

Icc2 40 90 mA 
I OUT = OmA, Cycle = Min 

Cs = Vcc --{l.2V, V IN ~ 0.2V 
ISB' Standby Supply Current 0.5 20 mA 

or V IN ? Vcc --{l.2V 

Standby Supply Current CS= V IH ISB2 10 35 mA 

Output LoW Voltage IOL = 8mA Vou 0.4 V 

Output Low Voltage IOL = 100!LA V0L2 0.2 V 

Output High Voltage IOH = -4mA V OH, 2.4 V 

Output High Voltage 100 = 100!LA V 002 2.6 V 
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MB81 C68A-45-W 

DOUT 

Fig.2 
5.0V 

~80n 
(Includng Scope and I C L 255 n 
JIg~) 

-=- -=-

AC TEST CONDITION 

Inpul Pulse Levels: 
Inpul Pulse Rise and Fall TImes: 
TIming Reference Levels: 

Oulpul Load: 

C L = 30pF 

0.4 to 2.6V 
5ns (Ttansienl Time between 0.8V and 2.2V) 
Input:1.5V 
Oulput:1.5V 

C L = 5pF fort LZ, I HZ , low and Iwz 

AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

READ CYCLE' 1 

MB81 C68A-45-W 

Parameler Symbol 
Min Max 

Read Cycle TIme I RC 45 

Address Access TIme' 2 1M 45 

Chip Selecl Access TIme' 3 IN:;S 45 

Outpul Hold from Address Charge I OH 0 

Output Hold from Cs I OHC 0 

Chip Selection to Outpul in Low-Z' 4 I 0 
LZ 

Chip Deselection 10 Outpul in High -Z' 4 I HZ 
0 20 

Power Up from Cs I PU 0 

Power Down from Cs t PD 45 

Nole: ' 1 We is high for Read cycle. 

'2 Device is continuously selected, Cs = V IL 

'3 Address valid prior to or coincidenl with cs transition low . 

• 4 Transition is specified althe poinl of ± SOOmV from steady stale voltage. 
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READ CYCLE TIMING DIAGRAM "\ 

READ CYCLE: ADDRESS CONTROLLED' 2 

t RC .. 
ADDRESS 

tAA 
!+-t OH .... 

DATA OUT PREVIOUS 
DATA VALID DATA VALID 

READ CYCLE: CS CONTROLLED' 3 

1~4~------------ t~--------------~ 

DATA OUT -----I-----l DATA VALID 

SUPPLY _~IS=B~ ____________ ~ 
CURRENT 

Icc 

Nole: "1 WE is high for Read cycle. 

• 2 Device is continuously selected, CS = V IL 

• 3 Address valid prior to or coincident with CS transition low. 

• 4 Transition is specified at the point of ± 500mV from steady state voltage. 

MBB1 C6BA-45-W 

HIGH-Z 

50% 
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MB81 C68A-45-W 

WRITE CYCLE' , • 2 

MB81 C68A-45-W 
Paramaler Symbol 

Min Max 

Write Cycle Time lwe 45 

Chip Selection 10 End of Write I cw 35 

Address Valid to End of Write lAW 35 

Address Setup Time lAS 3 

Write Pulse Width Iwp 35 

Data Selup Time I[JW 25 

Write Recovery Time t WR 5 

Data Hold Time IOH 0 

Outpul High--Z from WE '3 Iwz 0 20 

Outpul Low-Z from WE '3 low 0 

WRITE CYCLE TlMMING DIAGRAM 

WRITE CYCLE: WE CONTROLLED" .2 

twe 

ADDRESS -
tcw 

tWR 

\\\\ 1\\\\\ r/ / / / / / / / / / / / / / 
tAW 

f+- tAS twp 

f4- t [JW 
tOH 

DATA IN DATA VAllO 

_ tWz*3 I.- t[JW·3 

~ H'G~!--DATAOUT----------------------____ ---Hr~--~~~~~~·---------

Noles: '1 CS or WE musl be high during address transitions. 

5-8 

'2 If OS goes simultaneously wilh WE high, the outpul remains in a high impedance state. 
'3 Transition is specified althe poinlof ± 500mV from sleady state voltage. 
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MB81 C68A-45-W 

WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE: CS CONTROLLED * 1 * 2 

twc 

ADDRESS 'I 

tAW 

tAS ~ 
tcw 

cs 

twp 

WE \\\\\\\\\\\\ ,f/ / / / / / / / / / / / / 

_tow tI)H 

DATA IN DATA VAllO 

tLz*3_ - tWZ*3 

HIGH-Z 
DATAOUT-------------i~----_H~----------------------------------

Notes : • 1 CS or WE must be high during address transitions . 
• 2 If as goes high simulyaneously with WE high, the output remains in a high impedance state . 
• 3 Transition is specified at the point of ± 500mV from steady state voltage. 
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MB81 C68A-45-W 

PACKAGE DIMENSIONS 

20-LEAD CERAMIC (CERDIP) DUAL IN-LINE PACKAGE 
(Case No.: DIP-20C-C03) 

R.025(Q.64) 
REF 

L~~~~- .950~:~~~ ~~~~~~-I 
(24.13~~:~~) 

.050(1.27)MAX 

.100'.010 
(2.54'0.25) 

01988 FUJITSU LIMITED ~ 
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~ m .288~:~~: 
+0.36 

(7.32_0.10) .319±.006 
(8.10,0.15) 

.300!7.62lTV? 

I 

Dimensions In 
IncI1es (millmet.lS) 



64K-BIT (8192x8) HIGH SPEED CMOS STATIC RANDOM 
ACCESS MEMORY WITH AUTOMATIC POWER DOWN 

The Fujitsu MB81C78A-W is 8192 words x 8bits static random access memory 
fabricated with a CMOS process. The memory utilizes asynchronous circuitry 
and may be maintained in any state for an indefinite period of time. All pins 
are TTL compatible and a single 5 volts power supply is required. 

A separate chip select (CS,) pin simplifies multipackage systems design. It 
permits the selection of an individual package when outputs are OR-tied, 
and furthermore on selecting a single package by CS" the other deselected 
packages automatically power down. 

All devices offer the advantages of low power dissipation, low cost, and high 
performance. 

• Organization: 8192 words x 8 bits 
• Static operation: No clock or timing strobe required 
• Fast access time: tAA = tAcs, = 45 ns max. (MB81 C78A-45-W) 
• Low power consumption: 660 mW max. (Operating) 

165 mW max. (Standby, TTL level) 
110 mW max. (Standby, CMOS level) 

• Single +5V supply, ±1 0% tolerance 
• TTL compatible inputc and outputs 
• Three-state outputs with OR-tie capability 
• Chip select for simplified memory expansion, automatic power down 
• All inputs and outputs have protection against static charge 
• Standard 28-pin Ceramic DIP package (Suffix: -C) 
• Standard 32-pad Leadless Chip Carrier (Suffix: -CV) 

ABSOLUTE MAXIMUM RATINGS (Saa NOTE) 

Rating Symbol Value 

Supply Voltage Vcc -0.5 to +7 

Input Voltage on any pin 
V1N -0.5 to +7 

with respect to GND 

Output Voltage on any I/O 
VOUT -0.5 to +7 with respect to GND 

Output Current lOUT ±20 

Power Dissipation Po 1.0 

Temperature Under Bias TB1AS -65 to +135 

Storage TSTG -65 to +150 
Temperature 

Unit 

V 

V 

V 

mA 

W 

·C 

·C 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

MB81C78A-45-W 

September 1988 
Edition 1.0 

CERAMIC PACKAGE 
DIP-28C-AO~ 

CERAMIC PACKAGE 
LCC-32C-A02 

PIN ASSIGNMENT 

:i"'1{&iiiTI1i\8~19~:iO~ 
1103 VUNC,IIO&,IO, 

I/O. 1/05 

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 
application of any voltage higher than maxi
mum rated voltages to'" this high impedance 
circuit. 
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~MlmIM~~~~lllli~ 
FUJITSU 
~~~~oom~~~~~~~~~II~~ MB81C78A-45-W 

Fig. 1 - MB 81C78A BLOCK DIAGRAM 

t--- - --Vee 

-GND · · 256x32xB ADDRESS · ROW · MEMORY CELL 
BUFFER DECODER ARRAY · · 

t--- -

JS* j . . . I 
ADDRESS 

1/0 GATE 
& 

BUFFER COLUMN DECODER 

JS* I . . . I 
BUFFER DATA 1/0 BUFFER CS 1--. 

~ 11111111 
TRUTH TABLE 

CS1 CS2 WE OE MODE SUPPLY 1/0 
CURRENT STATE 

H X X X STANDBY ISB HIGH-Z 

L L X X DESELECT Icc HIGH-Z 

L H H H DOUT DISABLE Icc HIGH-Z 

L H H L READ Icc DOUT 

L H L X WRITE Icc DIN 

CAPACITANCE (T A = 25°C, f = 1MHz) 

Parameter Symbol Typ Max 

Input Capacitance (VIN = OV) (CS1, CS2, OE, WE) C I1 7 

Input Capacitance (VIN = OV) (Other Inputs) C I2 6 

I/O Capacitance (VIIO = OV) ClIO 8 
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Unit 
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~1~mlmll~~~lmlmllllm~llllm~III~1 
FUJITSU 

MB81C7BA-45-W 1IIIIImlllllllllmlllllllllllllllllllllll~~~11 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 V 

Input Low Voltage VIL -0.5 0.4 V 

Input High Voltage VIH 2.6 6.0 V 

Ambient Temperature TA -55 125 °c 

* -2.0V Min. for pulse width less than 20 ns. (VIL Min = -0.5V at DC level) 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Symbol Min Max Unit Test Condition 

Input Leakage 
ILl -10 10 IlA VIN = OV to Vee 

Current 

Output Leakage 
I LO -10 10 IlA 

CS, = V IH or CS2 = VIL or WE = V IL or 
Current OE = V IH , VOUT = OV to Vee 

Operating Supply 
lee 120 mA 

CS, = V IL 
Current I/O = Open, Cycle = Min 

ISB, 20 mA 
Vee = Min to Max. CS, = Vee-0.2V 

Standby Supply VIN ;;; 0.2V or VIN ~ Vee-0.2V 

Current 

ISB2 30 mA CS, = V IH 

Output Low 
VOL 0.45 V IOL =8mA Voltage 

Output High 
VOH 2.4 V IOH = -4mA 

Voltage 

Peak Power·on 
Ipo 50 mA 

Vee = OV to Vee Min. 
Current CS, = Lower of Vee or VIH Min. 
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1lllllllllllllmlllllllloollllmlllllllllll~111 
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AC TEST CONDITIONS 

Input Pulse Levels: OV to 3.0V 

Input Pulse Rise And Fall Times: 5ns (Transient time betweenO.4V and 2.6V) 

Timing Measurement Reference Levels: Input: 1.5V 
Output: 1.5V 

Output Load I. 

For all except tLZ. tHz. twz. tow. 

tOLz. and tOHZ. 

-~ 

> ~4Bon 
DOUT--"'-~ 

30P;[ 
!including Scope T 
and Jig Capacitance) h 

Fig. 2 

Output Load II. 

5V 
~-

> ~4Bon 

DOUT--'--~ 

5PFl 
(Including Scope T 
and Jig Capacitance) Tfr 
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AC CHARACTERISTICS 
READ CYCLE" (Recommended operating conditions unless otherwise noted.) 

MB81C78A·45-W 

Parameter Symbol 

Min 

Read Cycle Time tRC 45 

Address Access Time '2 tAA 

_.- '3 
CS, Access Time tACS' 

CS2 Access Time '3 t ACS2 

Output Hold from Address Change tOH 3 

-
OE Access Time tOE 

Output Active from CS, '4 '5 
t LZ ' 5 

Output Active from CS2 '4 '5 t LZ2 0 

Output Active from OE '4 '5 tOLZ 0 

Output Disable from CS, '4 '5 
t HZ ' 

Output Disable from CS2 '4 '5 tHZ2 

Output Disable from OE'4 '5 tOHZ 

Note: *1 WE is high for Read cycle. 
'2 Device is continuously selected, CS, = V1L , CS2 = V1H and OE = V1L . 
*3 Address valid prior to or coincident with CS, transition low, CS2 transition high. 
'4 Transistion is specified at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load II in Fig. 2. 

Max 

45 

45 

20 

20 

25 

25 

25 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

5-15 
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READ CYCLE TIMING DIAGRAM" 

READ CYCLE I: ADDRESS CONTROLLED'2 

f---------tA C:------....., 

ADDRESS 

DATA OUT PREVIOUS DATA VALID 

READ CYCLE II: CS" CS2 CONTROLLED'3 

ADDRESS~~~r---------------------------------------~r""'f"'" 

5-16 

1/0 

m : Don't Care ~ : Undefined 

Note: *1 WE is high for Read cycle. 
*2 Device is continuously selected, CS, = V'L, CS2 = V'H and OE = V'L' 
*3 Address valid prior to or coincident with CS, transition low, CS2 transition high. 
*4 Transition is specified at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load II in Fig. 2. 
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WRITE CYCLE" 

MB81C78A-45-W 

Parameter Symbol Unit 

Min Max 

Wirte Cycle Time '2 twc 45 ns 

CS, to End of Write tcw, 40 ns 

CS2 to End of Write tCW2 25 ns 

Address Valid to End of Write tAW 40 ns 

Address Setup Time tAS 2 ns 

Write Pulse Width twp 25 ns 

Data Setup Time tow 20 ns 

Write Recovery Time '3 tWR 3 ns 

Data Hold Time tOH 3 ns 

Output High-Z from WE'4'5 twz 20 ns 

Output L:ow-Z from WE'4'5 tow 0 ns 

Note: *1 If CS, .goes high simultaneously with WE high, the output remains in high impedance state. 
*2 
*3 

All write cycles are determined from the last address transition to the first address transition of next address. 
tWR is defined from the end point of Write Mode. 

*4 
*5 

Transition is specified at the point of ±500mV from steady state voltage. 
This parameter is specified with Load II in Fig. 2. 

5-17 
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WRITE CYCLE TIMING DIAGRAM:' 

WRITE CYCLE I: CS" CS2 CONTROLLED 

~-tA,S~-r----------tcw,----------+--'W!R~~ 

cs, 

CS2 

110 

m : Don't Clr. I8XI : Undefined 

Note: *1 If CE, CS" and CS2 are in the READ Mode during this period, I/O pins are in the output state so that the input 

5-18 

signals of opposite phase to the outputs must not be applied. 
*2 All write cycle are determined from the last address transition to the first address transition of next address. 
*3 tWR is defined from the end point of WRITE Mode. 
*4 Transition is specified at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load IT in Fig. 2. 
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WRITE CYCLE TIMING DIAGRAM·' 

WRITE CYCLE II: WE CONTROLLED 

~ ________________ twC~·2~ ____________ ~~ 

1--------------tAW-------------+o--tW-R---:·!"::i3 

cs, 

tow tOH 

1/0 DIN VALID 

c::J : Don't Care 1881 : Undefined 

Note: *, If OE, CS" and CS2 are in the READ Mode during this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

*2 All write cycles are determined from the last address transition to the first address transition of next address. 
*3 tWR is defined from the end point of WRITE Mode. 
*4 Transition is specified at the point of ±SOOmV from steady state voltage. 
*S This parameter is specified with Load n in Fig. 2. 

5-19 
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PACKAGE DIMENSIONS 

"~"l REF 

INDEX I 
AREA 

28-I..£AD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 
(CASE No.: DIP·28C-A08) 

:1~: ,:~: ~[ ~ ~ ~13~1 
(3S.S6±0.S1 ) 

0° to gO 

_.::.::::,,1 

Tf 
.300±.010 

(7.62±0.2S) 

t J 
t .010±.002 

(0.2S±0.OS) 

.2oo(S.08)MAX 

5-20 

.1oo±.010 
(2.54±0.25) 

© 1987 FUJITSU LIMITED D28020S-2C 

1.300(33.02)REF 

.018::885 

(0.46:8:M) 

.050±.010 
(1.27±0.25) 

.134'.014 
(3.40.0.36) 

Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (continued) 
CERAMIC LCC (Suffix: -CVI 

32-PAD CERAMIC (METAL SEALI LEADLESS CHIP CARRIER 
(CASE No.: LCC-32C-A021 

'PIN NO.1 INDEX 

.06511.65) 
TVP 

MAX 

* Shape of PIN NO.1 INDEX: Subject to change without notice. 

© 1987 FUJITSU LIMITED C32011S'3C 

.36019.14)TVP 

I .050i.006 
11.27±0.15) 

.30017.62)TVP 

C.01510.38)TVP 

Dimensions in inches 
(millimeters) 
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12K-BIT (8192x9) HIGH SPEED CMOS STATIC RANDOM 
ACCESS MEMORY WITH AUTOMATIC POWER DOWN 

The Fujitsu MB81 C79A-W is 8192 words x 9bits static random access memory 
fabricated with a CMOS process_ The memory utilizes asynchronous circuitry 
and may be maintained in any state for an indefinite period of time. All pins 
are TTL compatible and a single 5 volts power supply is required. 

A separate chip select (CS,) pin simplifies multipackage systems design. It 
I permits the selection of an individual package when outputs are OR-tied, 
and furthermore on selecting a single package by CS" the other deselected 
packages automatically power down. 

All devices offer the advantages of low power dissipation, low cost, and high 
performance. 

• Organization: 8192 words x 9 bits 
• Static operation: No clock or timing strobe required 
• Fast access time: tAA; tACS' ; 45 ns max_ (MB81C79A-45-W) 
• Low power consumption: 660 mW max. (Operating) 

165 mW max. (Standby, TTL level) 
110 mW max. (Standby, CMOS level) 

• Single +5V supply, ±10% tolerance 
• TTL compatible inputs and outputs 
• Three-state outputs with OR-tie capability 
• Chip select for simplified memory expansion, automatic power down 
• All inputs and outputs have protection against static charge 
• Standard 28-pin Ceramic DIP package (Suffix: -C) 
• Standard 32-pad Leadless Chip Carrier (Suffix: -CV) 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Symbol Value 

Supply Voltage Vee -0.5 to +7 

Input Voltage on any pin 
VIN -0_5 to +7 

with respect to GND 

Output Voltage on any 1/0 
VOUT -0.5 to +7 

with respect to GND 

Output Current lOUT ±20 

Power Dissipation Po 1.0 

Temperature Under Bias T BIAS -65 to +135 

Storage TSTG -65 to +150 
Temperature 

Unit 

V 

V 

V 

mA 

W 

°c 

°c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

MB81C79A-45-W 

September 1988 
Edition 1.0 

CERAMIC PACKAGE 
DIP-28C-AOS 

CERAMIC PACKAGE 
LCC-32C-A02 

PIN ASSIGNMENT 

:f4~i5~16:'-7-r,ir.~19i:iO~ 

I/03VSStv.C 1/0,110, 
110. 110. 

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 
application of any voltage higher than maxi
mum, rated voltages to this high impedance 
circuit. 

5-23 
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Fig. 1 - MB 81C79A BLOCK DIAGRAM 

f-- f--- -Vee 

-GND · · 256 x 32 x 9 ADDRESS · ROW · MEMORY CELL BUFFER DECODER 
ARRAY · · 

- -

Js* 1 . . . I 
ADDRESS 

110 GATE 

BUFFER 
& 

COLUMN DECODER 

JS* I 
. . . 

I 

BUFFER DATA 1/0 BUFFER f--cs 

Js 111111111 
1101 1/03 1/05 1/07 .1/09 

1/02 1/04 1/06 II0a 
TRUTH TABLE 

CS1 CS2 WE OE MODE SUPPLY I/O 
CURRENT STATE 

H X X X STANDBY ISB HIGH-Z 

L L 'x X DESELECT Icc HIGH-Z 

L H H H DOUT DISABLE Icc HIGH-Z 

L H H L READ Icc DOUT 
L H L X WRITE Icc DIN 

Parameter Symbol Typ Max 

Input Capacitance (V IN = OV) (CS1• CS2 • DE. WE) C I1 7 

Input Capacitance (V1N = OV) (Other Inputs) Cl2 6 

I/O Capacitance (VIIO = OV) CliO B 

5-24 

Unit 

pF 

pF 

pF 
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RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 V 

Input Low Voltage V,L -0.5 0.4 V 

Input High Voltage V ,H 2.6 6.0 V 

Ambient Temperature TA -55 +125 °c 

* -2.0V Min. for pulse width less than 20 ns. (V,L Min = -0.5V at DC level) 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Symbol Min Max Unit Test Condition 

Input Leakage 
ILl -10 10 p.A Y'N = OV to Vee Current 

Output Leakage 
ILo -10 10 p.A 

CS, = V ,H or CS2 = V ,L or WE = V,L or 
Current OE = V ,H • VOUT = OV to Vee 

Operati ng Supply 
Icc 120 mA 

CS, = V ,L 
Current 1/0 = Open, Cycle = Min 

158 , 20 mA 
Vee = Min to Max. CS, = Vee-0.2V 

Standby Supply Y'N ~ 0.2V or Y'N ~ Vee-0.2V 

Current 

1582 30 mA CS, = V,H 

Output Low 
VOL 0.45 V IOL = SmA Voltage 

Output High 
VOH 2.4 V IOH = -4mA Voltage 

Peak Power-on 
Ipo 50 Vee = OV to Vee Min. 

Current 
mA 

CS, = Lower of Vee or V ,H Min. 

5-25 
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AC TEST CONDITIONS 

Input Pulse Levels: OV to 3.0V 

Input Pulse Rise And Fall Times: 5ns (Transient time betweenO.4V and 2.6V) 

5-26 

Timing Measurement Reference Levels: Input: 1.5V 
Output: 1 .5V 

Output Load I. 

For all except tLz, t HZ , twz, tow, 

toLz, and toHz. 

5V 

> -j;. 48011 

DOUT --.---4 

30Pd, 
(Including Scope T 
and Jig Capacitance) h 

> '$ 25511 

Fig. 2 

Output Load n. 

DOUT _ r 
5pF-L 

(Including Scope T 
and Jig Capacitance) "T1r 

~ 

~ 48011 

> -j;. 25511 
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AC CHARACTERISTICS 
READ CYCLE"' (Recommended operating condition. unless otherwise noted.) 

MBSI C79A·45-W 

Parameter Symbol 

Min 

Read Cycle Time tRC 45 

Address Access Time '2 tAA 

CS, Access Time '3 tACS' 

C~ Access Time '3 tACS2 

Output Hold from Address Change tOH 3 

OE Access Time tOE 

- -4-5 
Output Active from CS, tLz, 5 

Output Active from CS2 '4 '5 t LZ2 0 

Output Active from OE '4 '5 tOLZ 0 

Output Disable from CS, '4 '5 tHz, 

Output Disable from CS2 '4 '5 tHZ2 

Output Disable from OE'4'5 tOHZ 

Note: *, WE is high for Read cycle. 
*2 Device is continuously selected, CS, = V1L , CS2 = V1H and OE = V1L . 
*3 Address valid prior to or coincident with CS, transition low, C~ tra~sition high. 
*4 Transistion is specified at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load n in Fig. 2. 

Max 

45 

45 

20 

20 

25 

25 

25 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Nota: *1 
*2 
*3 
*4 
*5 

5,,;,28 

READ CYCLE TIMING DIAGRAM" 

READ CYCLE I: ADDRESS CONTROLLED'2 

f--------tRc--------i 
ADDRESS 

~~---------------/r~~~~ 

f-----tAA---~ 
DATA OUT PREVIOUS DATA VALID 

READ CYCLE IT: CS,. CS2 CONTROLLED'3 

AO"~ ~~~--=~--=~--=~--t-A--A-~-~--=~--=---=~--:~-t-Rc----:----:----::--:----:----:--~k-l ,.:~:~~;~~ 
____ , r-o----tACS'----I 

cs, 

1/0 DOUT VALID 

Ea : Don't Care 1881 : Undefined 

WE is high for Read cycle. 
Device is continuously selected. CS, = V1L • CS2 = V1H and OE = V1L . 

Address valid prior to or coincident with CS, transition low. CS2 transition high. 
Transition is specified at the point of ±500mV from steady state voltage. 
This parameter is specified with Load IT in Fig. 2. 
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WRITE CYCLE"' 

MB81C79A·45·W 

Parameter Symbol Unit 

Min Max 

Wirte Cycle Time'2 twc 45 ns 

CS, to End of Write tCWl 40 ns 

CS2 to End of Write tCW2 25 ns 

Address Valid to End of Write tAW 40 ns 

Address Setup Time tAS 2 ns 

Write Pulse Width twp 25 ns 

Data Setup Time tow 20 ns 

Write Recovery Time'3 tWR 3 ns 

Data Hold Time tOH 3 ns 

Output High·Z from WE'4 ' 6 twz 20 ns 

Output Low·Z from WE'4 ' 6 tow 0 ns 

Note: "1 If CS, goes high simultaneously with WE high, the output remains in high impedance state. 
"2 
"3 

All write cycles are determined from the last address transition to the first address transition of next address. 
tWR is defined from the end point of Write Mode. 

"4 
*5 

Transition is specified at the point of ±500mV from steady state voltage. 
This parameter is specified with Load n in Fig. 2. 
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Note: '1 

'2 
*3 
'4 
*5 

5-30 

WRITE CYCLE TIMING DIAGRAM" 

WRITE CYCLE I: CS,. CS2 CONTROLLED 

I/O 

~ _________________ twc'_2 ______________ ~ 

~--------------tAW----------~~ 

~r----------tcw,--------~~ 

o : Don't Car. IZ:8I : Undefined 

If OE. CS,. and C~ are in the READ Mode during this period. 1/0 pins are in the outP\lt state so that the input 
signals of opposite phase to the outputs must not be applied. 
All write cycle are determined from the last address transition to the first address transition of next address. 
tWA is defined from the end point of WR ITE Mode. 
Transition is specified at the point of ±500mV from steady state voltage. 
This parameter is specified with Load n in Fig. 2. 



Note: *, 

*2 
*3 
*4 
*5 
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WRITE CYCLE TIMING DIAGRAM" 

WRITE CYCLE II: WE CONTROLLED 

. ____ twC~·2'--__ 

ADDRESS 

cs, 

tDW tOH 

110 DIN VALID 

o : Don't Care 1821 : Undefined 

If OE, CS" and CS2 are in the READ Mode during this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 
All write cycles are determined from the last address transition to the first address transition of next address. 
tWR is defined from the end point of WRITE Mode. 
Transition is specified at the point of ±500mV from steady state voltage. 
This parameter is specified with Load U in Fig. 2. 
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PACKAGE DIMENSIONS 

28-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 
(CASE No.: DIP-28C-A08) 

0° to gO 

__ -::::::~l 

TT 
.300 •. 010 

I (7.62r25) 

! .010±.002 
(0.25±0.05) 

.200(5.0B)MAX 

5-32 

.1 00±.01 0 
(2.54±0.25) 

© 1987 FUJITSU LIMITED D28020S-2C 

1.300(33.02)REF 

.0IB~:gg3 
(0.46~g:6~) 

.050'.010 
(1.27'0.25) 

.134±.014 
(3.40±0.36) 

Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (continued) 
CERAMIC LCC (Suffix: -CV) 

32-PAD CERAMIC (METAL SEAL) LEADLESS CHIP CARRIER 
(CASE No _: LCC-32C-A02) 

'PIN NO.1 INDEX 

.450~:~~~ 
.065(1.65) 
TYP 

C.040(1.02)TYP 
~LCS) 

.045(1~ 
TYP 

.085(2.16) 
MAX 

* Shape of PIN NO.1 INDEX: Subject to change without notice. 

© 1987 FUJITSU LIMITED C32011S-3C 

.360(9. 14)TYP 

I .050±.006 
(1.27±0.15) 

.300(7.62)TYP 

C.0151O.38)TYP 

l .460(11.68) 
TYP 

.400(10'16)J TYP 

~ 

Dimensions in inches 
(millimeters) 
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October 1989 
Edition 1.0 

MB8464A-10-WI-15-W 

00 

DATA SHEET 
FUJITSU 

CMOS 64K-BIT LOW POWER SRAM 

S,192WORDS X SBIT CMOS STATIC RAM WITH LOW 
POWER AND DATA RETENTION 

The Fujitsu MB8464A is a 8192-word by &-bit stalic random access memory fabric:al8d with 
a CMOS silicon gal8 process. The memory utilizes asynchronous circuitry and may be 
maintained in any stal8 for an indefinil8 pariod of time. All pins are TIL compatible. and a 
single 5volts power supply is required. 

The MB8464A is ideany suil8d for use in microprocessor Bysl8ms and other applications 
where fast access time and ease of use are required. All devices offer the advantages of low 
power dissipation. low cost, and high performance. 

• Organization: 8192 words x 8 bits 

• Fast access time: lOOns max. (MB8464A-10-W) 
150ns max. (MB8464A-I5-W) 

• Complel8ly static operation: No clock required 

• TIL compatible input/output 

• Thre&-stal8 output 

• Common data input/output 

• Single +5V power supply. ±10% tolerance 

• Low power standby: llmW max. 

• Data rel8ntion: 2.0V min. 

• 28-pin Ceramic package (300mil width) 
(600rnil width) 

• 32-pad Leadess Chip Carrier 

ABSOLUTE MAXIMUM RATINGS {see NOTE~ 

Radng Symbol Value 

Storage Temperature Range TOTO -65 to +150 

Temperature Under Bias T .... -65 to +125 

Supply Voltage V"" ~.5to+7.0 

Input Voltage T'N ~.5to Vet; +0.5 

Output Voltage Voon ~.5 to V"" +0.5 

Unit 

"C 

"C 

V 

V 

V 

NOTE: Permanent deVIce damage may occur If the above Absolute Maximum 
Rat~. are exceeded. Functional operation should be restricted to the 
condliOns as detailed in the operational sections of this data sheet. Exposure to 
absolula maximum rating conditions for eXlended periods may affect device 
reliability. 

Qulclc prom •• '_01 FUJITSU LIMITED 

Capyrlgllt. ,9l1li by FUJITSU LIMlllOD 

Ceramic Package (6OOm1l) 
DIP-28C-A07 

Ceramic Package (300m II) 
DIP-28C-AOB 

o 
Ceramic Package 
LC~C-A02 

PIN ASSIGNMENT 
NC ~ 1 28 
All 2 27 
A, 3 28 

At 4 2S 
At 5 24 
At s 23 

7 22 At 
At 8 TOPYEW 21 

A, 

At 
110, 
110, 
110, 

OND 

0 20 
10 19 
11 18 
12 17 
13 18 
14 15 

.,"~c"'(, WE ... 

.4A3 .. 2fFVtA .. .... 
Ao 7· 

At" .: TOP VIEW 
A, tllo~ .. ,i': 
NO '110 

110, u. 

Veo 
WE 
cs, 
At 
At 
A" 
OE 

A" cs; 
IIDto 
110, 

IIDto 
lIDo 
va. 
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MB8464A·1D-W 
MB8464A·15-W 

A .. 
An 
At. 
A. 
A. 
A7 

Ao 
As 

ADDRESS 
BUFFER 

ct 
ADDRESS 
BUFFER 

CTS 

BUFFER 

Fig. 1 - MB8464A BLOCK DIAGRAM 

r- r-

· • 

· ROW · 256x32x8 

DECODER MEMORY CELL · · ARRAY 

• • 
r- r-

I . . . . 1 
· 110 GATE · & · COLUMN DECODER 

I . . . . I 
DATA 110 BUFFER 

ct ! ! ! b b b ! ! 

TRUTH TABLE 
CSt cs,. OE WE MODE C~U::~~T 1/0 PIN 

H X X X NOT SELECTED I .. HIGH-Z 
X L X X NOT SELECTED lsa HIGH-Z 
L H H H DOUT DISABLE Icc HIGH-Z 
L H L H READ Icc DOUT 
L H X L WRITE Icc DIN 

CAPACITANCE (TA=25°C,f=1MHz) 

Parameter Symbol Min Typ 

110 Capacitance (Vvo=OV) Coo 

Input Capacitance (V'N=OV) C'N 

5-36 

--0 Vcc 

--oGND 

~ CS 

Max Unit 

10 pF 

7 pF 



MB8464A-10-W 
MB8464A-15-W 

RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) 

Parameter Symbol Min Typ Max 

Supply Voltage Vee 4.5 5.0 5.5 

Input Low Voltage V'L ~.3·' 0.6 

Input High Voltage V'H 2.4 Vee+0.3 

Ambient Temperature T. -55 +125 

01 -3.0V min. for pulse width less than 20ns. (V'L min.=-<l.3V at DC lewl) 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Symbol 

I .. , 
Standby Supply Current 

I ... 

Actiw Supply Current lee, 

Operating Supply Current IC02 

Input Laaksge Current lu 

Output Leakage Current lu<> 

Output Hligh voltage VOH 

Output Low voltage VOL 

• Input Pulse Lawls: 
• Input Pulse Rise and Fall Times: 
• Timing Reference Lawls: 

MB8484A-
1G-W/15-W Unit Teat COndlllon 

Min Max 

2 mA 
CS2SO.2V. CS'i~V~.2V 
(CS2SO.2V or CS~V~.2V) 

5 mA CSI =V" or CS2=V'L 

70 mA CSI =V ... CS2=V'H 
V",=V", or V". lour-OmA 

90 mA Cycle=Min .• Duty=I00%. 
lour=OmA 

-10 10 II-' V'N=OV 10 Vee 

-50 50 II-' VIIO=OVIo Vee 
CSI =V" or CS2=V'L or ~=V'H or WE"=V'L 

2.4 V IOH-I.0mA 

0.4 V IOL=2.1mA 

Fig. 2 - AC TEST CONDITIONS 
< Output Load > 

: 0.4V to 2.6V 
: Sns (Transition Time ba\ween 0.6V and 2.4V) 
: Input: V'L=O.6V. V'H=2.4V 

Output:VOL-O.BV. V",,=2.0V 

Unit 

V 

V 

V 

"C 

+5V 

:F R, 

• Output Load: 

CLo l 
Dout o------e-------. (I/O) 

:~ Ra 

I -..= 
R, Ra CL Parameters Measurad 

Load I I.BKn 990Kn l00pF except!eLZ. IoLZ. !eHZ. lettz. Iwtz and lwHz 

Load II I.BKa 990Kn 5pF !ell. IoLZ. !eHZ. 10HZ. IwLZ and tw.z 
o Including jig and stray capacitance 
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MB8464A-10-W 
MB8464A-15-W 

AC CHARACTERISTICS 
(Recommended operating condHlons unless otherwise noted) 
READ CYCLE 

MB8464A-1O-W 
Parameter Symbol 

Min Max 

Read Cycle Time IRC 100 

Address Access Time t... 100 

CS 1 Access Time t..c, 100 

CS2 Access Time t..c. 100 

Output Enable to Output Valid 10. 45 

Output Hold from Address Change IoH 10 

Chip Select to Output Low-Z 'I lou 10 

Output Enable to Output Low-Z 'I lou 5 

Chip Select to Output Hig~Z 'I IeHZ 40 

Output Enable to Output Hig~Z 'I 10HZ 40 
.. 

'I TranSition IS measured at the POint of ±500mV from stady state voltage. 

READ CYCLE TIMING DIAGRAM 

READ CYCLE 1"2) 

MB8464A-1S-W 

IIln lIax 

150 

150 

150 

150 

60 

10 

10 

5 

50 

50 

AOO"~ =1;::======IoH===-i:""==========.;;r------'~J<--
PREVIOUS DATA VALID 

READ CYCLE 11" 

ADDRESS=i 

CS" 

Dour 
HIGH-Z 

I 

l'iI. 

I 

t... 

t..c, 
IeLZ 

..k'I" 
~ t..c. 

IeLZ-

li 
1.':= 10. 

IoLZ-

Note: 1) WE is high for Read Cycle. 
2) Device is continuously selected, CS,=OE=V,L, Cs"=V'H. 
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DATA VALID 

.' 
I 

A 
t--lcHZ-

~ 
i---IeHZ-

A 
I---IoHz-

X )l DATA VALID 
HIGH-Z 



WRITE CYCLE 

Par.m .... Symbol 

Write Cyde Time !we 

Address Valid to End of Write t..w 

Chip Select to End of Write lew 

Data Valid to End of Write lew 

Data Hold TIme lett 

Write Pulse Width !w. 
Address Set Up Time t..s 
Write Rec:ovmy Time twA 
Write Enable to Output Low-Z·l !wLZ 

Write Enable to Output High-Z·l !wHZ 

MB8464A-1D-W 

Min M.x 

100 

80 

80 

40 

5 

80 

0 

10 

5 

40 

MB8464A-10-W 
MB8464A-15-W 

MB8464A-15-W 

Iotln M.x 

150 

100 

100 

50 

5 

100 

0 

10 

5 

50 
.. 

·1 Trans,uon IS measured at the point of ±500mV from stady state Voltage. 

WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE I (WE CONTROLLED) 

two 
ADDRESS ~ I[ 

t..w i--1wA-

lew 

lew 
Cs,. 

-t..s-l !w. 

l' 

HIGH-Z t--Iew- -IoH --t 
HIGH Z 

DATAINVAUD 

twHz1l 

HIGH-ZL .... "1 - r )( )( X )( X )( )( )( )( )( Dour 

Note: 1) If OE, CS, and Cs,. are in the READ Mode during this period, I/O pins are in the output state so that the input signals of opposite 
phase to the outputs must not be applied. 
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MB8464A-1Q-W 
MB8464A-15-W 

WRITE CYCLE II (CS, CONTROLLED) 

ADDRESS~ 

OE 

~ 
CS, 

Cs., 

WE 

D'N 
HIGH Z 

DoUT 
HIGH Z 

hz') 
-t 

WRITE CYCLE III (Cs., CONTROLLED) 

ADDRESS~ 
~ 

OE 

CS, 

t..s -Cs., 

WE 

D'N 
HIGH Z 

hz" 

Dour 
HIGH-Z 

!we 
I[ 

t..w 

lew -!wR-

lew 

!w. 

~ low - lot- toH --t HIGH Z 
DATA IN VALID 

!wHZ') 

HIGH Z 

Iwc 
~ 

t..w 

lew 

lew -!wR-

!w. 

t--- low - lot- toH --t HIGH Z 
DATA IN VALID 

twHZ 2) 

HIGH--Z 

Nole: 1) If OE, Cs., and WE are in the READ Mode during this period, 1/0 pins are in the output state so that the input signals of opposite 
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phase to the outputs must not be applied. 
2) If OE, CS, and WE are in the READ Mode during this period, 1/0 pins are in the output state so that the input signals of opposite 

phase to the outputs must not be applied. 



DATA RETENTION CHARACTERISTICS 
Recommended o):)eratlng conditions unless otherwise noted) 

Parameter Symbol Min Typ 

Data Retention Supply Voltage "1 VDR 2.0 5.5 

Data Retention Supply Current "2 lOR 0.5 

Data Retention Setup lime 10 ... 0 

Operation Recovery Time '" tRC 

DATA RETENTION TIMING 

DATA RETENTION I (Cs., CONTROLLED) 

Max 

V 

mA 

ns 

ns 

MB8464A-10-W 
MB8464A-15-W 

V~ ___ r-.. j~~----:=::-:~=----~~t · -----j r-
Cs., ~V CS,SO.2V YAYf--

DATA RETENTION" (C8, CONTROLLED) 

~ ~ ~ j DATA RETENTION MODE t 
~ ~ _________ ~~ _________ J '" 

~ cs,~VD~.2V ~ 

Note: "1 Cs., controlled: Cs.,SO.2V 
CS, controlled: CS,~VDR -O.2V (Cs.,SO.2V or Csr-VDR -O.2V) 

"2 Cs., controlled: VDR=3.0V. Cs.,SO.2V 
CS; controlled: VDR=3.0V. CS;~VDR ...{J.2V (CS,gl.2V or CS""VDR -O.2V) 
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MB8464A·1D-W 
MB8464A·15-W 

PACKAGE DIMENSIONS 
32·PAD CERAMIC (METAL SEAL) LEADLESS CHIP CARRIER 

(CASE No.: LCC·32C·A02) 

5-42 

'PIN NO.1 INDEX 

.06511.651 
TYP 

MAX 

.... Shape of PIN NO.1 INDEX: Subject to change without notice. 

©1988 FUJITSU LIMITED C32011S'3C 

.360(9.141TYP 
C.O 15(0.381 TYP 

t:/----·-l --T 
I 
i 

.400110.16i 
TYP 

I 

.460(11.681 
TYP 

n-l=l!=+=='=--- J 

Dimensions in inches 
(millimeters) 



MB8464A-10-W 
MB8464A-15-W 

PACKAGE DIMENSIONS (Continued) 
28·LEAD CERAMIC (METAL SEAL) DUAL IN·LlNE PACKAGE 

(CASE No.: DIP·28C·A07) , 

~~ l 'y .595±.010 

~I "'h ....... C==r.....:;;::;;;;;::;:::;;;;;:::;;;:::;;;;;=:;;;;;::~ ..................... --l. "'.''1''''' AREA ~ 

1 1.400±.014 _I 
135.36±0.361 

... _-;.-;.:11 0° to gO 

~I 
.600±.010 

...... ===l=II="Of 
.010±.002 ! 

10.2S±0.051 

-.-l .200IS.OSIMAX 

1~'06111'S51~ ! 

~ ~ .134±.014 

.1 "'L.Ol 0 .050_.004 ---l~ -.003 050+ 010 I I ..... + I + II .00S+· 06 I I l 12.S4±0.2SI 11.27±0.101 10.46~g:~1 {1.27~O.2SI 

.1300133.02IREF 

© 1988 FUJITSU LIMITED 028019S-2C 

13.40±0.361 

Dimensions in 
inches (mill,meters) 
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MB8464A-1D-W 
MB8464A-15-W 

PACKAGE DIMENSIONS (Continued) 

"00"1 REF 

INDEX I 
AREA 

2S-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 
(CASE No_: DIP-2SC-AOS) 

~~:,;.; :~[ ~ ~ ~138~1 
(35.56.0.51 ) 

0° to gO 

__ .:",,1 

Tf 
.300 •. 010 

1 (7.610.25 ) 

t .010'.002 
(0.25.0.05) 

1~'060(1'52)MA: 

-1 .200(5.08)MAX 

-r--

~ Ul .134'.014 
(3.40±0.36) 

i i .100+.010 .05O±.010 --J I .018~:ggg ] -.050-.+-.0-10-'-
I (2.54.0.25) (1.27.0.25) (0.46~g:I,~) (1.27.0.25) 

© 1988 FUJITSU LIMITED D2S020S-2C 

5~44 

1.300(33.02)REF 

Dimensions in 
inches (millimeters) 



Section 6 

CMOS SRAM Modules - At a Glance 
Maximum 
A_ •• Package 

Page Device TIme (n.) Capeclly Options 

6-3 MB85402-30 30 262144 bils 36-pin Ceramic SIP 
--40 40 (16384w x 16b) 

6-11 MB85403A--40 40 2097152 bits 44-pin Ceramic SIP 
--60 50 (262144w x 8b) 

6-19 MB85410--30 30 524288 bits 60-pin Plastic ZIP 
--40 40 (65536wx8b) 

6-27 MB85414--30 30 524288 bits 64-pin Plastic ZIP 
--40 40 (16384w x 32b) 

or 
(32768w x 16b) 

6-35 MB85420--40 40 2097152 bits 60-pin Plastic ZIP 
--60 50 (262144w x 8b) 
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CMOS SRAM Modules Static RAM Data Book 
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IIIIIIIIIIIIIIIIIIIIIIIIIIIIII~~~~~~~~~~~ 

FUJITSU 16K x 16 CMOS SRAM MODULE 
MB85402-30 
MB85402-40 

IIIIIIIIIIIIIIIIIIIIIIIIIIIIII~~~~~~~~~~~~ 
TS255-B88Y 
Nov. 1988 

CMOS 16,384 Words x 16-Bit STATIC 
RANDOM ACCESS MEMORY MODULE 

The Fujitsu MB85402 is a fully decoded, CMOS Static 
random access memory module comprised of four 
MB8lC75 devices mounted on a 36-pin ceramic board. 
Organized as four 16K x 4 devices, the MB85402 is op
timized for those applications requiring high speed, 
high performance, low power and high density. 
A separate output enable function provides maximum 
control for those systems where bus contention may 
be a problem. 

• Organized as 16,384 x l6-bit Words 
• Memory : MB8lC75, 4 pcs 
• Access Time: 30 ns max (MB85402-30) 

40 ns max (MB85402-40) 
• Low Power Dissipation 

Standby: 220 mW max (CMOS level) 
440 mW max (TTL level) 

Active : 1760 mW max 
• Single +5V Power Supply, ±10% Tolerance 
• Automatic Power Down 
• TTL Compatible Input/Output Pins 
• 3-State Output 
• 36-Pin 100 MIL Ceramic DIP/SIP 

ABSOLUTE MAXIMUM RATING (See NOTE.) 

Rating Symbol Value 

Supply Voltage VCC -0.5 to +7.0 

Input Voltage VIN -3.5 to +7.0 

Output Voltage VOUT -0.5 to +7.0 

Short Circuit 
lOUT ±20 Output Current 

Power Dissipation PD 4.0 

Temperature 
TBIAS -10 to +85 under Bias 

Storage 
TSTG -65 to +150 Temperature 

Unit 

V 

V 

V 

mA 

W 

DC 

DC 

NOTE: Permanent device damage may occur If ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods lJ1ay affect device reliability. 

CERAMIC PACKAGE 
MTP-36C-COl 

PIN ASSIGNMENT 
TOP VIEW 

DQo 1 36 Vee 
DQl Z 35 DQ15 
DQZ 34 DQ14 
DQ3 4 33 DQ13 

AO 5 32 DQ12 
Al 6 31 GND 
A2 7 30 Al3 
A3 S 29 A12 
A4 9 2S All 
AS 10 27 AID 
A6 11 26 Ag 
A7 12 25 AS 

DQ4 24 DQll 
DQ5 23 DQIO 
DQ6 22 DQg 
DQ7 21 DQS 

"CS 20 WE: 
GND 19 Dr 

ThiS device contains circuilrY to protect the 
inputs against damage due to·high static vol1· 
ages or electric fields. However. it is advised 
thai normal precautions be taken to avoid 
application of .anv voltage higher than maxi· 
mum rated voltages to this high impedance 
circuit 
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Illi!II~I~llIllii 
FUJITSU MB85402-30 
1IIIi!li!l~nIIUl MB85402-40 

AO-13 

cs 

Ci 

WE 

6-4 

Fig. 1 - BLOCK DIAGRAM 

CHIP 0 CHIP 1 CHIP 2 CHIP 3 

DQO DQ2 DQ4 DQ6 DQ8 DQI0 DQ12 DQ14 
D~ D~ D~ DV D~ D~l D~3 ~u 

Fig. 2 - BLOCK DIAGRAM for EACH MEMORY 

Aa 

" ~ 
" ~ 1/02 

" f-:J 
" 

I ~ 
;0- =D-
::iao 

pi I 
i5E 

WE 

Y POWER 
DOWN 

CIRCUIT 

;-

· 
ROW · SELECT · 

l-

§ 

INPUT 
DATA 

CONTROL 

---0 Vee 

128x128x4 ----oGND 
MEMORY CELL 

ARRAY 

... 
COLUMN 

1/0 CIRCUITS 

COLUMN 
SELECT 

d L L L ~ ~ ~L fL 
Aa A7 Aa Aa A,a An A'2 ~-



illi~~!I~i~!~lllilll 
FUJITSU MB85402-30 
1~lli~~~i~~m~1D MB85402-40 

CAPACITANCE (TA=25D C, f=1MHz) 

Parameter Symbol Typ Max Unit 

Input1Capacitance (VIN=OV) CIN 50 pF 

I/O Capacitance (VIIO=OV) CliO 15 pF 

FUNCTIONAL TRUTH TABLE 
~DE ADDRESS B ~ DE I/O POWER 

STANDBY DON'T CARE VIH DON'T CARE DON'T CARE HIGH-Z STANDBY 

READ VALID VIL VIH VIL DOUT ACTIVE 

OUTPUT DESABLE VALID VIL vIH vIH HIGH-Z ACTIVE 

WRITE VALID VIL VIL DON'T CARE DIN ACTIVE 

RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) 

Parameter Symbol Value Unit Min Typ Max 

Supply Voltage VCC 4.5 5.0 5.5 V 

Supply Voltage GND 0 V 

Operating Temperature Range TA 0 25 70 DC 
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1I111I~lillilillll 
FUJ ITSU M885402-30 
I~IIIII!I;!I!IIII MB85402-40 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

Parameter (conditions) Symbol Value 
Min TvP Max 

INPUT LEAKAGE CURRENT 
ILl -40 40 

(VIN=OV to VCC) 

OUTPUT LEAKAGE CURRENT 
lLO -10 10 

(CS=VIH, VOUT=OV to VCC) 

CMOS level ISBI 40 
STANDBY POWER SUPPLY CURRENT 

TTL level ISB2 80 

ACTIVE POWER SUPPLY CURRENT 
ICCI 240 

(CS=VIL, IOur=OmA, VIN=OV or VCC) 

OPERATING POWER SUPPLY CURRENT 
ICC2 320 

(IOUT=OmA, tCYCLE=Min.) 

INPUT HIGH LEVEL VIH 2.2 6.0 

INPUT LOW LEVEL*l VIL -0.5 0.8 

OUTPUT HIGH LEVEL (IOH=-4mA) VOH 2.4 

OUTPUT LOW LEVEL (IOL=8mA) VOL 0.4 

Note: *1 -2.0V level with a maximum pulse width of 20ns. 

Fig. 2 - AC TEST CONDITIONS 

• Input Pulse Levels OV to 3.0V 

• Input Rise and Fall Times 5ns (Transient between 0.8V and 2.2V) 
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• Timing Reference Levels 

• Output Load : 
+5V .,... 

'>Rl 
? 

R2 

1.5V (Input and Output) 

Rl R2 

Load I 48012 25512 30pF 

Load II 48012 25512 5pF 

Unit 

}1A 

}1A 

mA 

mA 

mA 

mA 

V 

V 

V 

V 



~11~~lllllm~II~IIIII~~11 
FUJITSU 

l~il~~!~II~~~lllil~i~i 
MB85402-30 
MB85402-40 

AC CHARACTERISTICS 
(At recommended operating conditions unless otherwise noted.) 
READ CYCLE *1 

Parameter Symbol MB85402-30 
Min Max 

Read Cycle Time t:RC 30 
Address Access Time *" t:AA 30 
CS Access Time *3 t:ACS 30 
DE Access Time *' ""DE 13 
Output Hold from Address ChaIlJ?:e ""OH 5 
Output Hold from CS t:OHC 3 
CS to Output Low-Z *4*' t:CLS 5 
OE to Output Low-Z *4*" t:OLZ 0 
CS to Output High-Z *4*" ""CHZ 13 
DE to Output High-Z *.*. ""OHZ 13 
Power Up from CS t:PU 0 
Power Down from CS tpD 25 

READ CYCLE TIMING DIAGRAM *1 

READ CYCLE 1'2 

MB85402-40 
Min Max 
40 

40 
40 
15 

5 
3 
5 
0 

15 
15 

0 
30 

_ ==~--=~"';'-=P~""'-~::-:~-~-IO~:U~:S~::D~::A~-T=~A=~v-I~:~A-l_A~_I-:~_-D~ __ R~_-E::-R:S'-C-li~:~-l~_ID~_ -=~_ -=~_ -=D~-A~-T~-A~-V=-' ':~_:_D_:':O_:" -~O';"-:H;.;,t ADDRESS 

DOUT 

READ CYCLE IT'3 

on"~,,, ~~~~~~~~~~~~~_A-_D-_D-_R-E_~_:C_V~A~l~I-D_-_-_-_-_-___ -_-_-_-_.~~...;., ~-_._~ ____ __ 

HIGH-Z HIGH-Z 

'PU3 SUPPLY - - - -- - - -- - ------------CURRENT __________ 50% ICC 

~ Undefined 

Note: *1 WE is high for Read cycle. 
*2 Device is continuously selected, CS=VIL, OE=VIL' 
*3 Address valid prior to or coincident with CS transition low. 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

*4 Transition is measured at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load II in Fig. 2. 
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1I~111~!II~llill~1 
FUJITSU 
1~I!iilii~~I!I~~li 

MB85402-30 
MB85402-40 

AC CHARACTERISTICS 
(At recommended operating conditions unless otherwise noted.) 
WRITE CYCLE *1 

Parameter Symbol MB85402-30 MB85402-40 
Min Max Min Max 

Write Cycle Time *" "WC 30 40 
Address Valid to End of Write T.AW 25 35 
CS to End of Write T.CW 25 35 
Data Valid to End of Write T.DW 13 17 
Data Hold Time tDH 2 2 
Write Pulse Width T.WP 25 35 
Address Setup Time T.AS 0 0 
Write Recovery Time T.WR 2 2 
Output High-Z from WE *a*_ tWHZ 13 15 
Output Low-Z from WE *3*_ tWLZ 25 35 

WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE I: WE CONTROLLEO·'·2 

~--------------------twc-------------------.~ 

ADDAESS~.~~----------------~A~D~D:A;ES;'S~V;'A~L~ID~--------------~U:~~~~ 

~-------------tcw'------------+--tWR 

~--------------tAW-------------~ 
--~-----------twP------~ 

----------~ 1,------------

1-----tow-----t--tOH 

HIGH-Z HIGH-Z DATA VALID 

DOUT 

~ Undefined El Don"t Care 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Note: *1 If CS goes high simultaneously with WE high, the output remains in high 
impedance state. 

*2 

*3 
*4 

6-8 

All write cycle are determined from last address transition to the first 
address transition of the next address. 
Transition is measured at the point of ±500mV from steady state voltage. 
This parameter is specified with Load II in Fig. 2. 



MB85402-30 
MB85402-40 

AC CHARACTER I STI CS (Continued) 
(At recommended operating conditions unless otherwise noted.) 

WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE IT: CS CONTROLLEO·'·2 

i----------twc-----------l 

ADDRESS ~r---------------A-D-D-R-ES-S-V-A-l-ID--------------~Ir-j~;t-~~,~~~~~~;0~~~~i: 

~--------tAw------------~ 

--tAS-l.lr-------------tcw 

~------------twp----------~ 

1~------tow------l--t...!:O:.:.:H:._j 

HIGH·Z HIGH·Z 
DATA VALID 

~ Undefined a Don't Care 

Note: *1 If CS goes high simultaneously with WE high, the output remains in high 
impedance state. 

*2 All write cycle are determined from last address transition to the first 
address transition of the next address. 

\ 6-9 
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IIIIIIUIOIIU 
FUJ ITSU MB85402-30 
n~DI~nllDll MB85402-40 

PACKAGE DIMENSIONS 
(Suffix: CVCT) 

36-LEAD CERAMIC MODULE 
(Case No. : MTP-36C-col) 

1.779±.OSO 
(4S.18± 1.27) 

. 070(1.78) REF. .090(2:29) REF. .300(7.62) MAX . 

.4S0(11.43) REF. o o 
I 

.030±.020 r J 
(0.76±0.Sll .018::gg~ 

h(0"".4""'6;-:-+~0.7.10<
-0.08) 

I .100±.010 
(2.S4±0.2S) 

.OSO±.OOS 
(1.27±0.13) 

1. 700(43.1 S) REF. 

I o .SOO(12.70) MAX. 

.134±.02S 
(3.40±0.64) 

.050(1.27) MAX. 

Ie: ~ ~~~~~:::::~~~~~ t: :' 
.080(2.03) REF. 

© 1988 FUJITSU LIMITED M36003S- 2C 
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.010±.002 
(0.2S±0.OS) 

I I .100±.01S --l 1-'(""2.~54;':;'±'i:0.""38"') -

NOTE 
1. Dimension in inches and 

(millimeters). 



IIIIIIIIIIIIIIIIIIIIIIIIIIIIII~~~~~~~~~~~ 

FUJITSU 256K X 8 CMOS SRAM MODULE MB85403A-40 
MB85403A-50 

IIIIIIIIIIIIIIIIIIIIIIIIIIIIII~~~~~~~~~~~ 
TS261-A88V 
Nov. 1988 

CMOS 262.144 Words x 8-Bit STATIC 
RANDOM ACCESS MEMORY MODULE 

The Fujitsu MB85403A is a fuily decoded, CMOS static 
random access memory module consists of eight 
MB81C81A devices mounted on a 44-pin ceramic board. 
Organized as eight 256K x 1 devices, the MB85403 is 
optimized for those applications requiring high speed, 
high performance, large memory storage, and high 
density. 

• Organized as 262,144 x 8-bit Words 
• Memory : MB81C81A, 8 pcs 
• Access Time: 40 ns max (MB85403A-40) 

50 ns max (MB85403A-50) 
• Low Power Dissipation 

Standby: 660 mW max (CMOS level) 
1320 mW max (TTL level) 

Active : 5280 mW max 
• Single +5V Power Supply, ±10% Tolerance 
• Automatic Power Down 
• Dual Chip Select (x8 or x4 organization) 
• TTL Compatible Input/Output Pins 
• 3-State Output 
• 44-Pin 100 MIL Ceramic Twin SIP (TSIP) 

ABSOLUTE MAXIMUM RATING (See NOTE.) 

Rating Symbol Value 

Supply Voltage VCC -0.5 to +7.0 

Input Voltage VIN -3.5 to +7.0 

Output Voltage VOUT -0.5 to +7.0 

Short Circuit 
lOUT ±20 Output Current 

Power Dissipation PD 8.0 

Temperature 
TBIAS -10 to +85 'under Bias 

Storage 
TSTG -65 to +150 Temperature 

Unit 

V 

V 

V 

mA 

W 

DC 

DC 

NOTE: Permanent deVice damage may ooeur If ABSOLUTE MAXIMUM 
RATINGS are exceeded. F,unctional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

CERAMIC PACKAGE 
MTP-44C-C02 

PIN ASSIGNMENT 
TOP VIEW 

GND 

DOUTO 

DIm 

A12 

A11 

NC 

ICSA 

DOOT2 

DIN2 

A14 

A15 

A1D 

A9 

DOOT3 

DIN3 

vee 

vee 
DOOT7 

DIN7 

AD 

A1 

A2 

A3 

DOOTG 

DING 

A4 

A7 

/lIE 
/CSB 
DOOT5 

DINS 

GND 

AG 

AS 

AB 

D0IlT4 

DIN4 

GND 

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 
application- of any voltage higher than maxi
mum rated voltages to this high impedance 
circuit. 
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FUJITSU MB85403A-40 
1!IIIiI~iI~in~1n MB85403A-50 

AO-17 
~ 
~ 
WE 

6-12 

" 
~ 

Fig; 1 - BLOCK DIAGRAM 

Chip 0 Chip 2 Chip 4 

- - -

.0 _0 
DINO DOUTO 

.0 _0 
DIN2 DOUT2 

.0 _0 
DIN4 DOUT4 

'--- Chip 1 '-- Chip 3 '-- Chip S 

'--- '---- '---

(, (, (, (, 0 (, 
DINl DOUTl DIN3 DOUT3 DINS DOUTS 

Fig. 2 - BLOCK DIAGRAM for EACH MEMORY 

~o---l~==l 

A3---{~==I 
ROW CELL ARRAY 

(256 ROWS x 1024 COLUMNS) 

COLUMN 1/0 CIRCUIT 

COLUMN SELECT 

Chip 6 

-

.0 _0 
DIN6 DOUT 6 

'---- Chip 7 

'---

(, (, 
DIN7 DOUT7 

--Vee 

--GNO 

DOUT 
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FUJ ITSU MB85403A-40 

~~~IIIIIII!I!II~lllml~III!~! MB85403A-50 

Parameter Symbol Typ Max Unit 

Input Capacitance (except CSA. CSB) CIN 100 pF 

Input Capacitance (CSA+CSB) CCS 120 pF 

Output Capacitance COUT 20 pF 

FUNCTIONAL TRUTH TABLE 
MODE ADDRESS CSA CSB WE INPUT OUTPUT POWER 

STANDBY DON'T CARE VIH VIH DON'T CARE HIGH-Z HIGH-Z STANDBY 

WRITE VALID VIL VIL VIL DIN HIGH-Z ACTIVE 

READ VALID VIL VILo VIR HIGH-Z DOUT ACTIVE 

RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) 

Parameter Symbol Value Unit Min Typ Max 

Supply Voltage VCC 4.5 5.0 5.5 V 

Supply Voltage GND 0 V 

Operating Temperature Range TA 0 25 70 °c 

6-13 
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FUJ ITSU MB85403A-40 

il~!lllliI~II!il11i1 MB85403A-50 

DC CHARACTERISTICS 
(Recommended operating,conditions unless otherwise noted) 

Parameter (conditions) Symbol Value Unit Min TVl> Max 

INPUT LEAKAGE CURRENT 
ILl -80 80 ].IA 

(VIN=OV to Vcc) 

OUTPUT LEAKAGE CURRENT 
110 -so so ].IA 

(CS=VIH. vour=ov to VCC) 

CMOS level ISB1 120 mA 
STANDBY POWER SUPPLY CURRENT 

TTL level ISB2 240 mA 

ACTIVE POWER SUPPLY CURRENT MB8S403A-40 960 

(CS=VIL. Iour=OmA) ICC mA 
MB8S403A-SO 800 

PEAK POWER ON SUPPLY CURRENT 
Ipo 240 mA (CS=Lower of VCC. or VIR) 

Input High Level VIH 2.2 6.0 V 

Input Low Level *1 VIL -O.S 0.8 V 

OUTPUT HIGH LEVEL (IOH=-4mA) VOH 2.4 V 

OUTPUT LOW LEVEL (IOL=16mA) VOL 0.4 V 

Note: *1 ,-3.0V min. for pulse width less than 20ns. 

Fig. 3 - AC TEST CONDITIONS 

• Input Pulse Levels 0.6V to 2.4V 

• Input Rise and Fall Times Sns 

• Timing Reference Levels 

• Output Load : 

RL CL 

Load I 10012 30pF 

Load II 10012 SpF 
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IIIIIIIII~II~IIII~III!II~I~~!~ 
FUJITSU 

i~~!illllllllllllll!II!IIIII~ 
MB85403A-40 
MB85403A-50 

AC CHARACTERISTICS 
(At recommended operating conditions unless otherwise noted.) 
READ CYCLE *1 

Parameter Symbol MB85403A-40 MB85403A-50 
Min Max Min Max 

Read Cycle Time *< '1:RC 40 50 
Address Access Time '1:AA 40 50 
CS Access Time *3 '1:ACS 40 50 
Output Hold from Address Change '1:0H 5 5 
CS to Output Low-Z *"*5 '1:LZ 5 5 
CS to Output HiJ!:h-Z *"*" '1:HZ 0 25 0 30 
Power Up from CS '1:PU 0 0 
Power Down from CS '1:pD 40 50 

READ CYCLE TIMING DIAGRAM ~,1 

READ CYCLE I: ADDRESS CONTROLLED 

I-------<.oc -------1 

VALID 
b~=<==, .. 
~ 

DOUT PREVIOUS DATA VAll DATA VALID 

READ CYCLE II: eli CONTROLLED 

1-------.0c ------; 

VALID 

DATA VALID 

.P:t 
~ Undefined o Don'tearl 

WE is high during Read cycle. 
Device is continuously selected. CS=VIL' _ 
Address valid prior to or coincident with CS transition low. 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Note: *1 
*2 
*3 
*4 
*5 

Transition is measured at the point of ±500mV from steady state voltage. 
This parameter is specified with Load II in Fig. 3. 
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FUJITSU 

!il!~II!~il~i!~~lil 
MB85403A-40 
MB85403A-50 

AC CHARACTERISTICS 
(At recommended operating conditions unless otherwise noted.) 
WRITE CYCLE *1 

Parameter Symbol MB85403A-40 
Min Max 

Write Cycle Time *< ~WC 40 
Address Valid to End of Write ~AW 35 
CS to End of Write ~CW 35 
Data Valid to End of Write ~DW 25 
Data Hold Time ~DH 0 
Write Pulse Width l:WP 25 

Address Setup Time ~ASl 5 
~AS2 0 

Write Recovery Time ~WR 5 
Output High-Z from WE *,*- l:WZ 0 25 
Output Low-Z from WE *'*. ~OZ 0 

WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE: WE CONTROLLED 

VALID 

DOUT 

MB85403A-50 
Min Max 
50 
45 
45 
30 

0 
30 
5 
0 
5 
0 30 
0 

~ Undefined (f!iI Don't car. 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Note: *1 If CS goes high simultaneously with WE high, the output remains in high 
impedance state. 

*2 

*3 
*4 

6-16 

All write cycle are determined from last address transition to the first 
address transition of the next address. 
Transition is measured at the point of ±500mV from steady state voltage. 
This parameter is specified with Load II in Fig. 3. 
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FUJ ITSU MB85403A-40 
i~I~I!li!i~ililin MB85403A-50 

AC CHARACTER I STI CS (Continued) 
(At recommended operating conditions unless otherwis.e noted.) 

WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE: CS CONTROLLED 

ADDR VALID 

VALID 

HIGH-Z 
DOUT ---

~ Undefined ~ Don'tea .. 

Note: *1 CS or WE must be high during address transitions. 
*2 All write cycle are determined from last address transition to the first 

address transition of the next address. 
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!mIlllHOnRII 
MB85403A-40 
MB85403A-50 

PACKAGE 
(Suffix: C~~~fNSIONS 

44-LEAD CERAMIC D (Case No' UAL IN-LINE MO •• MTP-44C-C02) DULE ~ 1!~1r>'\.>1.\\1."'''~ 
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NOTE 
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October 1989 
Edition 1.0 

MB85410-301-40 

cO 

DATA SHEET 
FUJITSU 

64K X 8 CMOS SRAM MODULE 

CMOS 65,536 WORDS x S-BIT HIGH SPEED STATIC 
RANDOM ACCESS MEMORY MODULE 

The Fujitsu MB85410 is a fully decoded, CMOS static random access memory module 
consists of eight MB81C71A devices mounted on a 6O-i>in plastic board. 
Organized as eight64K x 1 devices, the MB85410 is optimized for those applications 
requiring high speed, high performance, large memory storage, and high density. 

• Organized as 65,536 x 8-bit Words 

• Memory: MB81C71A, S pes 

• Access Time: 30 ns max (MB85410-30) 
40 ns max (MB85410-40) 

• Low Power Dissipation 
Standby: 440 mW max (CMOS level) 

880 mW max (TIL level) 
Active : 3200 mW max 

• Single +5V Power Supply, ±10% Tolerance 

• Automatic Power Down 

• Dual Chip Select (xS or x4 organization) 

• TIL Compatible Input/Output Pins 

• ~tate Output 

• Decoupling Capacitor: .22J.1F, Spes 

• 6(}..Pin Plastic(FR-4) ZIP 

ABSOLUTE MAXIMUM RATINGS (see NOTE.) 

Rating Symbol Value 

Supply Voltage Vee -{l.5 to +7.0 

Input Voltage V IN -3.5 to +7.0 

Ouput Voltage V OUIT -{l.5 to +7.0 

Output Current lOUT ±SO 

Power Dissipation Po S.O 

Temperature under Bias T BIAS -10 to +85 

Storage Temperature T STG -45 to +125 

Unit 

V 

V 

V 

mA 

W 

°C 

°C 

NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratln\ls are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability . 

PLASTIC PACKAGE 
MZP-60P-P02 

PIN ASSIGNMENT 
TOP VIEW 

vss 
PDO (GNO) POl (OPEN) 

NC NC 
vee 01 

DO • al co 10 11 NC 
AO 12 13 Al 
A2 14 15 AS 
A4 18 17 A5 
AS 18 ,. A7 

vss 20 21 00 
D2 22 23 a3 
Q2 24 25 vee 

WE 28 27 NC 
NC 28 29 NC 

081 30 

NC 32 
31 
33 

~2 
NC 

NC 34 35 NC vee 38 
D4 38 

37 os 
Q4 40 

39 as 

A8 42 41 vss 

Al0 44 
43 A9 

A12 48 45 All 
47 A13 

A14 48 49 A15 
NC 50 51 D7 
DB 52 

53 a7 as 54 
55 vee 

NC 58 57 NC 
NC 58 

vss 80 
59 NC 

This device oontains ciI'OJltry to protect the inputs against 
damage due to high static voltages Of eklctric fields. H0'W8V9r. It 
is advised that normal precautloos be taken to avoid application 
of any voltage higher than maximum rated vohages to this high 
ifTl)8dance drcull:. 
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MB8541D-30 
MB8541 0-40 

-... 
-
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Fig. 1 - BLOCK DIAGRAM 

.... ADD. I- ADD . .... ADD. 
Chip 0 Chip 2 Chip 4 -- CS -,... CS '-I- CS 

WE WE WE 

6 6 6 6 6 6 
DINO DOllTO DIN2 DOlJT2 DIN4 D0UT4 

-- ADD. -- ADD. -- ADD. 
Chip 1 Chip 3 _ChipS 

- CS "-- CS "-- CS 

WE WE WE 

6 6 6 6 6 6 

Fig. 2 - BLOCK DIAGRAM FOR EACH MEMORY 

Ao 

Al 

A2 ------t~==~ ROW· CELL ARRAY 

I- ADD . 
Chip 6 '-,... CS 

WE 

6 6 
DINe D0UT8 

-- ADD. 

i...--
Chip 7 

CS 
WE 

6 6 

_Veo 
-GND 

Ag SELECT. (128 ROWS x 512 COLUMNS) 

AI2~§ 
A 13 ----l • 

AI4------t~==~ 



CAPACITANCE 
(1 A = 25° C, f= 1 MHz) 

Perameter Symbol Typ 

Input Capacitance, Address and WE CIN, 

Input Capacitance, CS, and CS2 CIN2 

Input Capacitance, 0 IN CII3 

Output Capacitance, 0 OUT COOT 

FUNCTIONAL TRUTH TABLE 

Mode Add ..... a, a. WE Input 

Stanclly Don't Care VIH VIH Don't Care High-Z 

Write Valid V IL V IL VII. DIN 

Read Valid V IL V IL VH High-Z 

RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) 

Value 

Parameter Symbol 
Min Typ 

SUpply Voltage Vee 4.5 5.0 

SUpply Voltage GND 0 

Operating TemperabJre Range TA 0 25 

Max 

80 

40 

10 

10 

Output 

High -Z 

High-Z 

DOUT 

Max 

5.5 

70 

MB8541 0-30 
MB8541D-40 

Unit 

pF 

pF 

pF 

pF 

Power 

Stanclly 

Active 

Active 

Unit 

V 

V 

"C 
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MB8541D-30 
MB8541D-40 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

Paramaler (conditione) Symbol 

Input Laakage Current (V IN = OV to V cc ) III 

Output Leakage Current (CS = V IH ,VOIIT= OV to Vcc) I LO 

CMOS level ISSl 

Standby Power Supply Current 
TIL level I_ 

Active Power Suppry Current (CS = V IL ' lOUT = OmA) Icc 

Peak Power on Supply Current (CS = Lower of Vcc , or VIH ) IPO 

Input High Level V IH 

Input Low Level' 1 V IL 

Output High Level (l0H = - 4mA) VOH 

Output Low Level (IOL= 16mA) VOL 

Nole : • 1 - 2.0V min. lor pulse width less than 2Ons. 

Min 

-80 

-10 

2.2 

~.5 

2.4 

Fig. 3 - AC TEST CONDITIONS 

• Input Pulse lewis : 0.6V to 2.4V 

Valuaa 

Typ 

• Input Rise and Fall Times 
• Timing Reference Lewis 

: 5ns(Trensieni between 0.8V and 2.2V) 
: 1.5V (Input and Output) 

• Output Load: 

.z~V 

~ 4800 

Dour(Q) C L 

i'C ; Loadl 30pF 
255n .. Loadn 5pF 

(Including Scopo and ,,~ 
JIg~IIanco) 

6-22 

Unh 
Max 

80 I'-' 

10 I'-' 

80 rnA 

160 rnA 

640 rnA 

240 rnA 

6.0 V 

0.8 V 

V 

0.4 V 



MB8541D-30 
MB8541 0-40 

AC CHARACTERISTICS 
(At recommended operating conditions unless otherwise noted.) 
READ CYCLE 

P.ram ..... Symbol MB8S41~0 

Min Max 

Read Cycle Tome " 1 lAC 30 

Address Access Tome 1M 30 

CS Access Time" 2 lACS 30 
Output Hold from Address Change IOH 5 

CS to Oulput Low-Z "3" 4 ILZ 5 

CS to Oulpul High-Z "3" 4 1Hz 0 10 

Power Up from OS I PU 0 

Power Down !rom CS Ipo 20 

READ CYCLE TIMING DIAGRAM 

READ CYCLE: ADDRESS CONTROLLED 

ADDRESS 

MB8S4111-40 
Min Max 
40 

40 

40 
5 

5 

0 15 

0 

30 

DATA OUT DATA VALID 

READ CYCLE: CS CONTROLLED 

~------------I~------------~ 
----~ ~--------

DATA OUT 
HIGH-Z 

tP~ _____ tP::c ___ _ 
Icc ---------- 50% "": 
ISB --------

~ Undaflned 

Note: "1 Device is conlinuously selectlld, CS - VII.' 
" 2 Address valid prior to or coincident with CS transition low. 
"3 Transition is measured allha point 01 ± 500mV from slBedy stale voltage. 
"4 This parameter is specified wilh Load n in Fig. 3. 

.1 Don'tea,. 

Unh 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 
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MB8541 ()..30 
MB8541 0-40 

AC CHARACTERISTICS (Continued) 
(At recommended operating conditions unless otherwise noted.) 
WRITE CYCLE'1 

Parameter Symbol 
MB85410-30 

Min Max 

Write Cycle lime • 2 lwe 30 

Address Valid \0 End of Wrile lAW 25 

~ \0 End of Wrile lew 25 

Data Hold lime IDH 2 

Write Pulse Width Iwp 20 

Data Valid \0 End of Write tow 15 

tAS1 0 
Address Setup lime 

I AS2 0 

Write Recovey Time t WR 2 

Outout Hiah--Z from WE ' 3' 4 twz 0 10 

Outpul Low-Z from WE ' 3' 4 low 0 

WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE: WE CONTROLLED 

MB8541!1-4O 
Min Max 

40 

35 

35 

2 

30 

20 

0 

0 

2 

0 15 

0 

~--------------------twe--------------------~~ 

ADDRESS 

~------------------tAW------------------~--

DATA IN 

Unll 

ns 

ns 

ns 
ns 

n. 

ns 

ns 

ns 

ns 
ns 

ns 

DATA OUT -.~ HIGH-Z<X)< 

~ Undefined Iii Oon'l Care 

Nole: '11f~ goes high simultaneously with WE high. the output remains in high impedance state . 
• 2 All write cycle are determined from last address transition \0 the first address transition of the next address. 
'3Transilion is measured at the point of ± SOOmv from steady state voltage. 
, 4 This parameter is specified with Load n in Fig. 3. 
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AC CHARACTERISTICS (Continued) 
(At recommended operating conditions unless otherwise noted.) 

WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE: CS CONTROLLED 

MB85410-30 
MB8541D-40 

~----------__ --t~------__________ ~ 
ADDRESS 

t.~·--~---------t~--------~ 

~---- tow-----eoI-.. 

DATA IN 

DATAOUT ___ _ HIGH-Z 

~ Undefined IrMm Don·' Care 
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MB8541 0-30 
M.B8541D-40 

PACKAGE DIMENSIONS 
(Suffix: -PJPZ) 

INDEX 
C .050(1.27) REF. 

. 150±.020 
13.81 ±0.50) 

.050±.010 
(1.27±0.25) 

.100±.010 

60-LEAD PLASTIC MODULE 
(Case No. : MZP-60P-P02) 

.018+.007 
-.003 

(0.45+0.18 
.050+ .012 -0.08) 

-.010 

(2.54±0.25) 

1.450(36.83) REF. 

(1.27+0.30 
-0.25) 

.250(6.35) R~ 

3.150(80.01) REF . 

©1989 FUJITSU LIMITED M60006S-3C 

6-26 

.350(8.89) MAX. 

.134+.016 
-.014 

(3.40+0.41 
-0.36) 

.010+.004 
-.002 

(0.25+0.10 
-0.05) 

.100±.012 
(2.54±0.30) 

NOTES 
1. Dimension in inches and 

(millimeters). 
2. Pin No.1; Back side 
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FUJITSU 
111111111111111111111111111111 

16K x 32 CMOS SRAM MODULE 

CMOS 16,384 Words x 32-Bit HIGH SPEED 
STATIC RANDOM ACCESS MEMORY MODULE 

The Fujitsu MB85414 is a fully decoded, CMOS static 
random access memory module consists of nine MB81C75A 
devices mounted on a 64-pin plastic board. 
Organized as eight 16K x 4 devices, the MB85414 is 
optimized for those applications requiring high speed, 
high performance, wide word width, and high density. 

• Organized as 16,384 x 32-bit Words 
• Optional organization as 32,768 x 16-bit 
• Memory : MB81C75A, 8 pcs 
• Access Time: 30 ns max (MB85414-30) 

40 ns max (MB85414-40) 
• Low Power Dissipation 

Standby: 440 mW max (CMOS level) 
880 mW max (TTL level) 

Active : 3520 mW max 
• Single +5V Power Supply, ±10% Tolerance 
• Automatic Power Down 
• TTL Compatible Input/Output Pins 
• 3-State Output 
• Decoup1ing Capacitor: . 22pF, 8 pcs 
• 64-Pin P1astic(FR-4) ZIP 

ABSOLUTE MAXIMUM RATING (See NOTE.) 

Rating Symbol Value 

Supply Voltage VCC -0.5 to +7.0 

Input Voltage VIN -3.5 to +7.0 

Output Voltage VOUT -0.5 to +7.0 

Short Circuit 
lOUT ±50 Output Current 

Power Dissipation PD 8.0 

Temperature 
TBIAS -10 to +85 under Bias 

Storage 
TSTG -45 to +125 Temperature 

Unit 

V 

V 

V 

mA 

W 

°c 

°c 

. NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

MB85414-30 
MB85414-40 

TS260-A88Y 
Nov. 1988 

PlASTIC PACKAGE 
MZP-64P-POl 

PIN ASSIGNMENT 
TOP VIEW 

r-

POO(GND) ~~ 
1 vss 

0120 3 POl (OPEN) 
5 0124 OQl 6 [ 7 0125 OQ2 1~ ~ OQ3 9 OQ6 

vcc· 12 [ 11 0127 
A6 14 [ 13 A7 

15 AS Al0 16 [ 17 All A3 18 [ 19 DQ12 DQ8 20 [ 21 01213 0129 22 [ 23 DQ14 OQ10 24 [ 
DQ!! 26 [ 25 01215 

WE 28 [ 27 vss 
NC 30 [ 29 NC 
~1 32 [ 31 CS2 

Cs3 34C 33 Cs4 
NC 36 [ 35 NC 

37 Of vss 38 [ 
39 01220 DQ16 40 [ 

01217 42 [ 41 01221 
01218 44 [ 43 01222 
01219 46 [ 45 01223 

A1 48 [ 47 A2 
A9 50 [ 49 A4 
AO 52 [ 51 A13 

A12 54 [ 53 vcc 
01224 56 ~ 55 AS 
01225 58 [ 57 01228 
01226 60 [ 59 01229 
01227 62 [ 61 01230 
vss 64 [ 63 01231 

'-

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 
application of any voltage higher than maxi· 
mum rated voltageS to this high impedance 
circuit. 
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FUJ ITSU MB85414-30 

1~11~11~1111111111~~li MB85414-40 

AO-13 
CS1 
CS2 
CS3 
CS4 
DE 
WE ~ 

ADD. 
_chip 0 
CS 

- DE 
WE 

DQO 4 

6 D*0646 

ADD. 
_chip 4 

~ CS 
- DE 

WE 
DQO 4 

666 6 

I- ADD. ADD. 
_chip 1 _chip 2 
CS CS 

I-- DE I-- DE 
WE WE 

DQO 4 DQO 4 

6 D*S676 6D*8~lt 
ADD. ADD. 
_chip S _chip 6 

- CS - CS 
'--- DE '--- DE 

WE WE 
DQO 4 DQO 4 

666 6 666 6 
DQ16 19 DQ20 23 DQ24 27 

Fig. 2 - BLOCK DIAGRAM for EACH MEMORY 
AOo--------I:ct:=;:j 

A,o___ __ ~:=::::I ---0 Vee 

128 k 128 II; 4 ---oGND 
MEMORV CELL 

A.o----~=::::I 

ARRAY 

Aso-------I:ct:=;:j 

'lO.o---rt+--{>--! 

I/o.--rlt++--{>--! 
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I- ADD. 
_chip 3 
CS 

I-- DE 
WE 

DQO 4 

~Q~261~ 
ADD. 
_chip 7 

- CS 
'--- DE 

WE 
DQO 4 

666 6 
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FUJ ITSU MB85414-30 

i~~~~~~~~!I~i~l~n~ MB85414-40 

Parameter 

Input Capacitance, ADDRESS 

Input Capacitance, CS 

Input Capacitance, WE and OE 

Input Capacitance, 1/0 

FUNCTIONAL TRUTH TABLE 
MODE ADDRESS 

STANDBY X 

OUTPUT DISABLE VALID 

WRITE VALID 

READ VALID 

X can be either VIH or VIL' 

Symbol 

CINI 

CIN2 

CIN3 

CliO 

CS WE 

VIH X 

VIL VIH 

VIL VIL 

VIL VIH 

RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) 

Parameter Symbol 

Supply Voltage VCC 

Supply Voltage GND 

Operating Temperature Range TA 

Typ Max Unit 

80 pF 

30 pF 

80 pF 

12 pF 

liE I/O POWER 

X HIGH-Z STANDBY 

VIH HIGH-Z ACTIVE 

X HIGH-Z ACTIVE 

VIL DOUT ACTIVE 

Value Unit Min Typ Max 

4.5 5.0 5.5 V 

0 V 

0 25 70 °c 
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FUJITSU MB85414-30 
IIIU~~m!lnlln MB85414-40 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

Parameter (conditions) Symbol Value 
Min TvP Max 

INPUT LEAKAGE CURRENT 
ILl -BO BO 

(VIN=OV to VCC) 

OUTPUT LEAKAGE CURRENT 
110 -10 10 

(CS=VIH, Vour=OV to VCC) 

CMOS level 
STANDBY POWER SUPPLY CURRENT 

ISB1 BO 

TIL level ISB2 160 

ACTIVE POWER SUPPLY CURRENT 
ICC1 4BO 

(CS=VIL, IOur=OmA) 

OPERATING SUPPLY CURRENT 
ICC2 640 (Cycle=Min., IOur=0mA) 

Input High Level VIH 2.2 6.0 

Input Low Level *1 VIL -0.5 O.B 

OUTPUT HIGH LEVEL (IOH=-4mA) VOH 2.4 

OUTPUT LOW LEVEL (IOL=BmA) VOL 0.4 

Note: *1 -2.0V min. for pulse width less.than 20ns. 

Fig. 3 - AC TEST CONDITIONS 

• Input Pulse Levels OV to 3V 
• Input Rise and Fall Times 
• Timing Reference Levels 

Sns (Transient between O.BV and 2.2V) 
1.SV (Input and Output) 

• Output Load : 

6-30 

Dour{Q) 0---.,----+ 

(Including Scope and 
Jig Capacitance) 

4BOQ 

2SSQ 

CL 

Load I 30pF 

Load II SpF 

Unit 

].lA 

pA 

mA 

mA 

mA 

mA 

V 

V 

V 

V 
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FUJITSU 

i!~~~i~~~~~I!~~~I~i! 
MB85414-30 
MB85414-40 

AC CHARACTERISTICS 
(At recommended operating conditions unless otherwise noted.) 
READ CYCLE 

Parameter Symbol MB85414-30 MB85414-40 
Mln Max Mln Max 

Read Cycle Time *1 "RC 30 40 
Address Access Time ToAA 30 40 
CS Access Time *2 LACS 30 40 
OE Access Time *2 "LOE 15 20 
Output Hold from Address ChanQe ToOH 5 5 
Output Hold from Output Disable tOHC 3 3 
CS to Output Low Z *3*4 LCLZ 5 5 
OE to Output Low-Z *3*4 "LOLZ 0 0 
CS to Output High-Z *3*4 ToCHZ 10 15 
OE to Output HiQh Z *,*4 1.0HZ 10 15 
Power Up from CS "LPU 0 0 
Power Down from CS TopD 20 30 

READ CYCLE TIMING DIAGRAM 

READ CYCLE I 

::::'~'~'"i~'~:~-~~IO~-U~-S~-D~-A-T~-A~-v-t-:-A-:~-I:~-D~-R=-E-:_:-'-i~~,'=-L=-ID=--~=--~=--~D=-A=-T-A~~-~:~-:-O-' ~-':-to_":t 
READ CYCLE II 

ADDRESS ____ ~.~~-:---------:-:-:-:-:A:D:D:R::-:-~:A:L:ID::::::::::o-i)k_. ____________ ___ 

DOUT HIGH·Z 

SUPPLY - - - - - - - - -----------------tpU3 
CURRENT ________________ 50% ICC 

18:81 Undefined o Don't Car. 

Note: *1 Device is continuously selected, CS=VIL. __ 
*2 Address valid prior to or coincident with CS transition low. 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

*3 Transition is measured at the point of ±500mV from steady state voltage. 
*4 This parameter is specified with Load II in Fig. 3. 
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FUJITSU 

IiliUl~!il!I~Uil 
MB85414-3D 
MB85414-4D 

AC CHARACTERISTICS 
(At recommended oper~ting conditions unless otherwise noted.) 
WRITE CYCLE *1 

Parameter Symbol MB85414-30 MB85414-40 
Min Max Min Max 

Write Cycle Time *2 "tWC 30 40 
Address Valid to End of Write tAW 25 35 
CS to End of Write "tCW 25 35 
Data Hold Time tDH 2 2 
Write Pulse Width "tWP 20 30 
Data Valid to End of Write "tDW 15 20 
Address Setup Time tAS 0 0 
Write Recovery Time "WR 2 2 
Output Hb:h-Z from WE *,*q "WHZ 10 15 
Output Low-Z from WE *,*q "tWLZ 0 20 0 30 

WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE I: WE CONTROLLED 

~--__ --------------___ twc--------------------" 
ADDRESS~~~ ________________ A_D_D_R_E_SS __ V_A_LI_D ________________ -JI':~~~':~'~~l,~~~t~~~~'~:, 

1----------tCw'---------1--twR-

~----------------_tAW----------------~ 
~~As--~~-----------twp------------l,---------------, 

HIGH-Z DATA VALID 
HIGH-Z 

~ xxXXXX 
!--twLz1 

HIGH-Z ~~..,..x>r'7t'" 

~ Undefined H1f!'l!il Don't Care 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Note: *1 If CS goes high simultaneously with WE high, the output remains in high 
impedance state. 
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*2 All write cycle are determined from last address transition to the first 
address transition of the next address. 

*3 Transition is measured at the point of ±500mV from steady state voltage. 
*4 This parameter is specified with Load II in Fig. 3. 
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FUJ ITSU MB85414-30 

111~~~i~~~i~~~i~iii MB85414-40 

AC CHARACTERISTICS (Continued) 
(At recommended operating conditions unless otherwise noted.) 

WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE IT: CS CONTROLLED 

twc 

ADDRESS 11M ADDRESS VALID \-. .. 

tAW 
tWR 

--tAS tcw 

K. 
twp 

~~ . -.. ~:::\ -"~ :.:.:: 

tow 
tOH 

HIGH-Z HIGH-Z 
DATA VALID 

~ Undefined I~ I Don't Care 
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FUJ ITSU MB85414-30 

I!IIIIIIIIIIIIU! MB85414-40 

PACKAGE DIMENSIONS 
(Suffix: PJPZ) 

INDEX 
C .050 .271 REF. 

© 1989 FUJITSU LIMITED M 64DD6S - 3C 
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64-LEAD PLASTIC MODULE 
(Case No. : MZP-64P-POI) 

_ .350(8.89} MAX. 

MAX . 

. 134+.016 

-0.361 

.010+.004 
-.002 

(0.25+0.10 
-0.05) 

.100±.012 
(2.54±0.30) 

NOTES 
1. Dimension in inches and 

(millimeters). 
2. Pin No.1: Back side. 
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Edition 1.0 

MB85420-401-50 

cO 

DATA SHEET 
FUJITSU 

256K X 8 CMOS SRAM MODULE 

CMOS 262,144 WORDS X 8-BIT HIGH SPEED STATIC 
RANDOM ACCESS MEMORY MODULE 

The Fujitsu MB85420 is a fully decoded, CMOS static random access memory module 
consists of eight MB81C81A devices mounted on a 6O-ilin plastic board. 
Organizad as eight 256K x 1 devices, the MB85420 is optimizad for those applications 
requiring high spead, high performance, large memory storage, and high density. 

• Organizad as 262,144 x &-bit Words 

• Memory: MB81C81A, 8 pes 

• Access TIme: 40 ns max (MB85420-40) 
50 ns max (MB85420-50) 

• Low Power Dissipation 
Standby: 660 mW max (CMOS level) 

1320 mW max (TTL level) 
Active : 5280 mW max (MB85240-40) 

4400 mW max (MB85420-50) 

• Single +5V Power Suppry, ±10% Tolerance 

• Automatic Power Down 

• Dual Chip Select (x8 or x4 organization) 

• TTL Compatible InpuVOutput Pins 

• 3-State Output 

• Decoupling Capacitor: .22~F, Spes 

• OO-Pin Plastic(FR-4) ZIP 

• Upgrade version of MB85410 

ABSOLUTE MAXIMUM RATINGS (see NOTE.) 

Rating Symbol Value 

Supply Voltage Vee; -C.5to +7.0 

Input Voltage V ,N -3.5 to +7.0 

Output Voltage Vour -C.5to +7.0 

Output Current lOUT ±2O 

Power Dissipation Po 8.0 

Temperature under Bias T BIAS -10 to +85 

Storage Temperature T STO -45 to +125 

Unit 

V 

V 

V 

mA 

W 

°C 

°C 

NOTE: Permanent device damage may occur if the above Abaolute Maximum 
Ratln!;!. are exceadad. Functional operation should be restrictad to the 
condillOns as detailad in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extendad periods may affect device 
reliability. 

PLASTIC PACKAGE 
MZP~P-P02 

PIN ASSIGNMENT 
TOP VIEW 

vss 
PDO(OPEN) POI (GNO) 

NC NC vee; 
01 

DO al co 10 11 NC 
A9 12 13 AID 

AI. I. 
15 Al1 

A12 ,. 
17 A13 

A17 18 19 AI. 
VSS 20 21 D3 

D2 22 23 a3 
D2 24 25 vee; 
WE 26 27 A15 
A4 26 29 NC 

CSI 30 

31 ~ 
NC 32 33 NC 
NC 34 35 NC vee; 36 

37 os 
D4 38 
Q4 40 

39 a5 
41 vss 

AD 42 
43 AI 

AS 44 
A2 46 45 A5 

47 A3 
A7 48 49 AS 
NC 50 51 07 
D6 52 53 Q7 as 54 

55 vee; 
NC 56 

57 NC 
NC 59 

59 NC VSS 80 

This device contains cirruitry to protect the Inputs against 
damage due to high static YOlag8& or electric fields. However, it 
II advised that normal precautions be taken to avoid application 
of any voltage higher than rnax:imum rated ~agas to this high 
lf11)8dance circuit. 
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MB85420-40 
MB85420-50 

..... 

-

Ao 

A, 

A2 

A3 

A. 

A5 

A6 

A7 

D'N 

WE 

OS 
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Fig. 1 - BLOCK DIAGRAM 

.- ADD. .... ADD. I- ADD . 
Chip 0 Chip 2 Chip 4 

'-I- Cs -- Cs -- Cs 
WE WE WE 

6 6 6 6 6 6 
DINO DouTO DIN2 DouT2 D'N< DouT• 

L.... ADD. - ADD. - ADD. 
Chip 1 Chip 3 Chip 5 

'--- Cs ~ Cs - Cs 
WE WE WE 

6 6 6 6 6 6 
DINI Doull 

Fig. 2 - BLOCK DIAGRAM FOR EACH MEMORY 

------"t~==:::1 ROW 
______ ""t~===lSELECT 

CELL ARRAY 
(256 ROWS xl024 COLUMNS) 

I- ADD . 
Chip 6 

..... r- Cs 
WE 

6 6 
D'N6 DOUT6 

L.... ADD. 
_Chip 7 

'--- CS 
WE 

6 6 

-Vee 
-GND 



CAPACITANCE 

Paramet., Symbol Typ 

Input Capacitance, Address and WE CIN, 

Input Capacitance, 05, and CS 2 CIN2 

Input Capacitance, D IN CIN3 

Outout Capacitance, D OUT COUT 

FUNCTIONAL TRUTH TABLE 

Mode Addr .. a cs. CS. 'WE Input 

Standby Don't Care VIH VIH Don't Care High-Z 

Write Valid V il V il V il DIN 

Read Valid V il V il VIH High-Z 

RECOMMENDED OPERATING CONDITIONS 
(Referenced to GND) 

Value 

Parameter Symbol 
Min Typ 

Supply Voltage Vex; 4.5 5.0 

Supply Voltage GND 0 

Operating T emperalUre Range TA 0 25 

Max 

70 

45 

9 

12 

Output 

High-Z 

High-Z 

DOUT 

Max 

5.5 

70 

MB85420-40 
MB85420-50 

Unit 

pF 

pF 

pF 

pF 

Power 

Standby 

Active 

Active 

Unit 

V 

V 

"C 
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MB85420-40 
MB85420-50 

DC CHARACTERISTICS 
(Recommended operating condltlpns unless othelWlse noted) 

Parameter. (Conditions) Symbol 
Min 

Input Leakage Current (V IN = OV to Vee) III -ao 

Output Leakage Current (CS = V IH ,Vour= OV to Vee) ILO --50 

CMOS level I SB' 

Standby Power Supply Current 
TIL level I SB2 

MB85420-40 
~ve Power SupplY Current lee 
(CS = VIL , I our= OmA) 

MB85420--50 

Peak Power on Supply Current (Cs = Lower of Vee, or VIH ) IPO 

Input High Level V IH 2.2 

Input High Level' , V 1L ~.5 

Output High Level (ICH = - 4mA) VCH 2.4 

Output Low Level (I OL = lSmA) VOL 

Note: • , - 3.0V min. for pulse width less than 2Ons. 

Fig. 3 - AC TEST CONDITIONS 

o Input Pulse Levels 
o Input Rise and Fall Times 
o Timing Reference Levels 
o Output Load: 

6-38 

: O.SV to 2.4V 
: 5ns 
: VIL!VOL = 0.8V, V IHNOH = 2.2V 

RL 

Load I lOon 

LoadTI loon 

Values 
Unit 

Typ Max 

80 j.iA 

50 j.iA 

120 rnA 

240 mA 

960 rnA 

800 mA 

240 rnA 

S.O V 

0.8 V 

V 

0.4 V 

C L 

30pF 

5pF 



AC CHARACTERISTICS 
(At recommended operating conditions unless otherwise noted.) 
READ CYCLE 

Paramater Symbol 
MB85420-40 

Min Max 

Read Cycle TIme' 1 I RC 40 

Address Access TIme 1M 40 

CS Access Time' 2 lACS 40 
OUlpul Hold from Address Change 100 5 

CS to Oulpul Low-Z • 3 • 4 ILZ 5 

~ to Oulpul High-Z • 3' 4 1 HZ 0 20 

Power Up from CS I PU 0 

Power Down from CS I PD 40 

READ CYCLE TIMING DIAGRAM 

READ CYCLE I: ADDRESS CONTROLLED 

ADDRESS 

MB85420-40 
MB85420-50 

M B8542(h';O 
Unit 

Min Max 
50 ns 

50 ns 

50 ns 
5 ns 
5 ns 
0 25 ns 

0 ns 

50 ns 

DATA VALID 

READ CYCLE n: CS CONTROLLED 

(4-------� RC-------i 

ADDRESS VALID 

HIGH-Z HIGH-Z 

:: -------.:'::~-------------IP-:-C 
~ Undefined Ittl Don'l Care 

Note: • 1 Device is conlinuosly selected, CS = V1L . 

• 2 Address valid prior to or coincidenl with CS Iransilion low. 

• 3 Transilion is measured allhe poinl of ± 500mV from steady state voltage. 
• 4 This parameter is specified with Load n in Fig. 3. 
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MB8542D-40 
MB85420-50 

AC CHARACTERISTICS (Continued) 
(At recommended operating conditions unless otherwise noted,) 
WRITE CYCLE "1 

Parameter Symbol 
MB8S420-40 

Min Max 

Write Cycle lime '2 twe 40 

Address Valid to End of Write tAW 35 

'l5§ to End of Write tew 35 

Data Valid to End of Write tow 20 

Data Hold lime tOH 0 

Write Pulse Width twp 30 

tAS1 5 
Address Setup lime 

1AS2 0 

Write Recovery lime I WR 5 

Outoul Hiah-Z from WE '3" Iwz 0 20 

OutPUt Low-Z from WE '3" tow 0 

WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE: WE CONTROLLED 

ADDRESS VALID 

~--------------tew------------~* 

~-----------------tAW----------------~ 

MB8S420-00 
Unh 

Min Max 

50 ns 

45 ns 

45 ns 
25 ns 

0 ns 

35 ns 

5 ns 

0 ns 
5 ns 

0 25 ns 

0 ns 

~ Undefined IMdEl Oan', Care 

Note: '1 Ifll§ goes high simultaneously with WE high. the outpul remains in high impedance state. 
'2 All write cycIa are determined from last address transition to the first address transition of the next address. 

'3 Transition is measured at the paint of ± SOOmv from steady state voltage. 
'. This paramater is spec:ified with Loed n in Fig. 3. 
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AC CHARACTERISTICS (Continued) 
(At recommended operating conditions unless otherwise noted.) 

WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE: CS CONTROLLED 

MB85420-40 
MB85420-50 

~----___________ t~ ________________ ~ 

ADDRESS VALID 

1-"----------- tAw------------tr-l 

DIN 

o OUT ---_ 
HIGH-Z 

~ Undellned IIIi;1 Don't Care 
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MB8542D-40 
MB85420-50 

PACKAGE DIMENSIONS 
(Suffix: -PJPZ) 

50-LEAD PLASTIC MODULE 
(Case No. : MZP-60P-P02) 

INDEX ll __ -'1,,---,... ........ "lffiII'"" __ i!':'IIr __ ""l!'!I ... __ '"!'!'r+ __ 3_50,(S.S9) MAX. 11111 ,.OO".'"~ If 

6-42 

.050±.Q10 
(1.27±0.25) 

.loo±.OIO 
(2.54±0.25) 

1.450(36.S3) REF. 

.0IS+.007 
-.003 

(0.45+0.'-8-
.050+ .012 - O.OS) 

-H-I--(""1.-';2""7+g~~ 
-0.25) 

.250(6.35) REF. 

. 150±.020 3.150(SO.01) REF .. 
(3.S1 ±0.50) 

© 1989 FUJITSU LIMITED M60006S-3C 

.134+.016 
-.014 

(3.40+0.41 
-0.36) 

.010+.004 
-.002 

(0.25+0.10 
--0.05) 

.100±.012 
(2.54±0.30) 

NOTES 
1. Dimension in inches and 

(millimeters). 
2. Pin No.1; Back side 
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Static RAM Data Book Quality and Reliability 

Quality Control at Fujitsu 

Bullt·ln Quality and Reliability 

Fujitsu's integrated circuits work. The reason they work is 
Fujitsu's single-minded approach to buiit-in quality and reliability, 
and its dedication to providing components and systems that 
meet exacting requirements allowing no room for failu're. 

Fujitsu's philosophy is to build quality and reliability into every 
step of the manufacturing process. Each design and process is 
scrutinized by Individuals and teams of professionals dedicated 
to perfection. 

The quest for perfection does not end when the product leaves 
the Fujitsu factory. it extends to the customer's factory as well, 
where integrated circuits are subsystems of the customer's final 
product. Fujitsu emphasizes meticulous interaction between the 
individuals who design, manufacture, evaluate, sell, and use its 
products. 

Quality control for all Fujitsu products is an integrated process 
that crosses all lines of the manufacturing cycle. The quality 
control process begins with Inspection of all incoming raw 
materials and ends with shipping and reliability tests following 
final test of the finished product. Prior to warehousing, Fujitsu 
products have been subjected to the scrutiny of man, machine, 
and technology, and are ready to serve the customer in the 
deSignated application. 
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Quality and ReHabiHty 

Quality Control Processes at Fujitsu 

P~ 

Chackftema 
Inspection of Incoming Malarial 

Wafer Processing 
Inspection of Wafers, 

Masks, Packages, Piece 
Parts, Chemicals, Etc 

Wafer Surface Inspection and 
Sample Tests of Thickness, 
Surface Resislance, Diffusion 

Depth, Electrical Parameters, and Doping 
Wafer Surface and Pallem Inspection 

DiffusiorVIon Implanlation 

Photoatching 

Static RAM Data Book 

Wafer Surface Inspection, 
Monitor Test of Film Thickness 

Wafer Surface Inspection, 
Monitor Test of Film Thickness 

Passivation (Insulating Layer Formation) 

7-4 

Test of Electrical Characteristics, Stress Test 

Probing Test 

Wafer Shipping Inspection 

Dicing (CHIP Separation) 

CHIP Salection 

CHIP Shipping Inspection 

Sample Surface Inspection 

Bond-Welling and Surface Inspection, Monitor Test of lot un 
for Machine Calibration 

Bond-Position and Surface Inspection, Sample Wire Bond Strength Test, 
Monitor Test of Sample run for Machine Calibration 

Intamal Visual Inspection 

Pre-Cap Visual 
Inspection 

Internal Merchant 
Inspection 

Continued on next page 
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Quality Control Processes at Fujitsu (Continued) 

Sealing or Molding 

Aging (After Encapsulation) 

Leak Test (Hennetic Package Only) 

Fine and Gross leak Tests 

External Sampling Visual Inspection 

External Sampling Visual Inspection 

External Sampling Visual Inspection 

External Visual Inspection 
External Mechanical Inspection 

External Sampling Visual Inspection 

Test of ACiDC Characteristics and Functions 
Shipping Tests 

Reliability Tests 
Hermeticity (Fine and Gross leak Tests). External and Marking Inspection~ 

Electrical Characteristics Tests. All Sampling Tests U 
Endurance and Environmental Tests 0 

lot Tests/Periodic Tests 

Warehousing 

legend: 

o o 
c 
<> Note: 

Production Process 

Test/Inspection 

Production Process 
and Test/Inspection 

QC Gate (Sampling) 

The flow sequence may vary slightiy 
with indillidual product type. 
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I Page 
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8-t IC Module Ordering Code (Part Number) 
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Slaffc RAM Dara Book Ordering Information 

IC Product Marking 

Fujitsu Logo 

ZZ- year 

XX - week number 
Nole: Marking formats may vary, depending on the product. The country of origin eppears on all finished perts. 

IC Ordering Code (Part Number) 

MB XXXXX -1 P 1 T IL Package Code (See Package Codes below) 

Speed Designator (When applicable) 

Device Type 

Manufacturer Designator 

MB Identifies an IC designed and manufactured by Fuj~su that uSeS a Fuj~su-designated device number. 
MBM identifies an IC designed and manufactured by Fujitsu that uSeS a device number designated by the industry 

to be the industry standard number. 
Nole: Please conract your nearest Fujitsu sales office, repRIsentetive, or distributor for exact part number/order information. 

IC Package Codes 

i·····. ·····q~~rhlc··.i 
•••••••• 

it 1$ 
. .............. .. 

Package Type Package Code Package Type Package Code 

LCC (Leadless Chip Carrier) TV,CV LCC (Leadless Chip Carrier) PV 

PGA (Pin Grid Array) CR PLCC (Leaded Chip Carrier) PO 

DIP (Side Brazed)1 C PGA (Pin Grid Array) PR 

DIP (CERDIP)2 Z DIP (Dual In-line Package) P,M 

Shrink DIP CSH Shrink DIP PSH 

Flatpack, Meral Seal CF Flatpack PF 

Flatpack, Glass Seal ZF Single In-line, straight leads PS 

SOJ (Single Outline Junction) CJ Single in-line, zig-zag leads PSZ,PZ 

SOJ (Single Outline Junction) PJ 

, I 
Side Brazed 2 CERDIP 

I ~ ~ f ~ 
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OrderIng Information 

IC Module Ordering Code (Part Number) 

MB XXXXX -YY pp 

Static RAM Data Book 

1 T II.. Module Code (See Module Codes below) 

Speed Designator (When applicable) 

Device Type 

Manufacturer Designator 
MB Identifies an IC designed and manufactured by Fuj~su that uses a Fuj~u-designated device number. 
MBM Identifies an IC designed and manufactured by Fuj~u that uses a device number designated by the industry 

Ie be the industry standard number. 
Note: Please contact your neBrllst Fujitsu sales office, representative, or distribu1Dr for exact part number/order information. 

IC Module Package Codes 
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Wide Temperature Range IC Ordering Codes (Part Number) 

MB XXXXX -yy W SC 

ll lB83C_~ 
Temperature Range Designator· 

Speed Designator (When applicable) 

Device Type 

Manufacturer Designator 

MB Identifies an Ie designed and manufactured by Fuj~su that uses a Fuj~su"designated device number. 
·W Indicates wide temperature range; S98 product specifications for exact temperature information. 

Note: Please contact your Fujitsu sales office for exaC! pan number/order information. 

Wide Temperature Range IC Package 
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Introduction to Fujitsu 

Fujitsu Limited 

Fujitsu Limited, headquartered near Tokyo, Japan, is the largest 
supplier of co""uters in Japan and is among the top ten 
companies operating in Japan. Fujitsu Is also one of the world's 
largest suppliers of telecommunications equipment and 
semiconductor devices. 

Established in 1935 as the Communications Division spinoff of 
Fuji Electric Company Limited, Fujitsu Limited, in 1985, 
celebrated 50 years of service to the world through the develop
ment and manufacture of state-of-the-art products in data 
processing, telecommunications and semiconductors. 

Fujitsu has five plants in key industrial regions in Japan covering 
all steps of semiconductor production. Five wholly-owned 
Japanese subsidiaries provide additional capacity for production 
of advanced semiconductor devices. Two additional facilities 
operate in the U.S. and one in Europe to help meet the growing 
worldwide demand for Fujitsu semiconductor products. 

Sal6S Information 
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Introduction to Fujitsu (Continued) 

Fujitsu Microelectronics, Inc. 

Fujitsu Microelectronics, Inc. (FMI), with headquarters in San 
Jose, California, was established in 1979 as a wholly-owned 
Fujitsu Limited subsidiary for the marketing, sales, and distribu
tion of Fujitsu integrated cirooit and component products. Since 
1979, FMI has grown to include one research and development 
division, two marketing divisions, two manufacturing divisions 
and a subsidiary. FMI offers a complete array of semiconductor 
products for its QJstomers. 

The Advanced Products Division (APD) is responsible for the 
complete product development cycle, from design through 
operations support and worldwide marketing and sales. Products 
are the result of both internal development and external 
relationships, such as joint development agreements, technology 
licenses, and joint ventures. The SPARO" RISC processor was 
developed by both APD and Sun Microsystems, Inc. 

In addition to designing and selling a full line of SPARC 
processors and peripheral chips, APD also designed and is 
selling the EtherStat'" LAN controller - the first VLSI device to 
integrate both StarlANTM and Ethernet® protocols into one 
device. The core of APD's EtherStar chip was the result of APD's 
cooperative venture with Ungermann-Bass. 

The Microwave and Optoelectronics Division (MOD) markets 
GaAs, FETs, and FET power amplifiers, lightwave and micro
wave devices, optical devices, emitters, and SI transistors. 

The largest FMI marketing division is the Integrated Cirooits 
Division (ICD). 

Memory and programmable devices marketed by ICD include the 
following: 

DRAMs and DRAM Modules 
EPROMs 
EEPROMs 
NOV RAMs 
CMOS masked ROMs 
CMOS SRAMs and CMOS SRAM Modules 
BiCMOS SRAMs 
Bipolar PROMs 
ECLRAMs 
STRAMs (self-timed RAM) 
Hi-Rei PROMs and SRAMs 
Ultra High-speed ECUECL-TTL Translator Cirooits 
Linear ICs and Transistors 



Static RAM Data Book 

Introduction to Fujitsu (Continued) 

ASIC products offered by ICD include the following: 

CMOS, ECl, and BiCMOS gate arrays 
CMOS standard cells 
Design Software Support 

Design Software Support 

Customer support and customer training for ASIC products are 
available through the following FMI design centers: 

San Jose 
Dallas 
Atlanta 

Gresham 
Chicago 
Boston 

Microcomputer and communications products offered by ICD 
include the following: 

4-bitMCUs 
8- and 16-bit MPUs 
SCSI and controllers 
DSPs 
Prescalers 
PlLs 
Memory Cards 

FMI's manufacturing divisions are in San Diego, California and 
Gresham, Oregon. The San Diego Manufacturing Division 
assembles and tests memory devices. In 1988, the Gresham 
Manufacturing Division began manufacturing ASIC products and 
DRAM memories. This facility, when completed, will have one 
million square feet of manufacturing-the largest Fujitsu 
manufacturing plant outside Japan. 

FMI's subsidiary, Fujitsu Components of America, markets 
connectors, keyboards, plasma displays, relays, and hybrid ICs. 

Fujitsu Mlkroelektronlk GmbH (European Sales Operation) 

Fujitsu Mikroelektronik GmbH (FMG) was established in June, 
1980, in Frankfurt, West Germany, and is a wholly-owned 
subsidiary of Fujitsu Limited, Tokyo. FMG is the sole representa
tive of the Fujitsu Electronic Device Group in Europe. The wide 
range of ICs, lSI memories, microprocessors, and ASIC 
products are noted throughout Europe for design excellence and 
unmatched reliability. Branch offices are located in Munich, 
london, Paris, Stockholm, and Milan. 

Sales Information 
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Introduction to Fujitsu (Continued) 

Fujitsu Microelectronics Ireland, Ltd. (European Production Operation) 

Fujitsu Microelectronics Ireland, Ltd. (FME) was established in 
1980, in the suburbs of Dublin, as Fujitsu's European Production 
Center for integrated circuits. FME assembles DRAMs, 
EPROMs, and other LSI memory products. 

Fujitsu Microelectronics, Ltd. (European ASIC Design Operation) 

Fujitsu Microelectronics, Ltd., Fujitsu's European VLSI DeSign 
Center, opened in October of 1983 in Manchester, England. The 
Design Center is equipped with highly sophisticated CAD 
systems to ensure fast and reliable processing of input data. An 
experienced staff of engineers is available to assist in all phases 
of the design process. 

Fujitsu Microelectronics Asia PTE Ltd. (Asian/Oceanian Sales Operation) 

Fujitsu Microelectronics Asia PTE Ltd. (FMA) opened in August 
1986 in Hong Kong as a wholly~wned Fujitsu subsidiary for 
sales of electronic devices to Asian and Southwest Pacific 
markets. 

SPARC'h1 18 a trademark of SI.r1 Miaoaystans. Inc. 
Eth ....... 10 a "", __ 01 XeIox Co!poratlan. 

EtherStaiTM Ia a trademark 01 Fujitsu Mboeledronlcs, Inc. 
SIarlAN'" II a trademar1< 01 AT&T. 
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Integrated Circuits Corporate Headquarters - Worldwide 

International Corporate Headquarters 
FUJITSU LIMITED 
Marunouchi Headquarters 
6-1, Marunouchi l-<:home 
Chiyoda-ku, Tokyo 100 
Japan 
Tel: (03) 216-3211 
Telex: 781-22833 
FAX: (03) 213-7174 

For integrated circuits marketing information please contact the following: 

Headquarters for Japan 
FUJITSU LIMITED 
Integrated Circuits and Semiconductor Marketing 
Furukawa 8ogo Bldg. 
6-1, Marunouchi 2--<:home 
Chiyoda-ku, Tokyo 100 
Japan 
Tel: (03) 216-3211 
Telex: 781-2224361 
FAX: (03) 211-3987 

Headquarters for North and South America 
FUJITSU MICROELECTRONICS, INC, 
Integrated Circuits Division 
3545 North First Street 
San Jose, CA 95134-1804 
USA 
Tel: (408) 922-9000 
Telex: 91Q-331Hl190 
FAX: (408) 43241044 

Headquarters for Europe 

FUJITSU MIKROELEKTRONIK GmbH 
Lyoner Strasse 44-48 
Arabella Centra 9. OG 
D-6OOO Frankfurt 71 
Federal Republic of Germany 
Tel: (069) 66320 
Telex: 441963 
FAX: (069) 6632122 

Headquarters for ASia and Australia 

FUJITSU MICROELECTRONICS ASIA PTE LIMITED 
06-04I06'()7 Plaza by the Park 
No. 51 Bras Basah Road 
Singapore 0719 
Tel: (65) 336-1600 
Telex: 55573 
FAX: (65) 336-1609 

Sales Information 
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Fujitsu Microelectronics, Inc. (FMI) Sales Offices for 
North and South America 

NORTHERN CALIFORNIA 

Fujitsu Microelectronics, Inc. 
10600 N. De Anza Blvd. 
Suite 225 
Cupertino, CA 95014 
Tel: (408) 996-1600 
FAX: (408) 725-8746 

SOUTHERN CALIFORNIA 

Fujitsu Microelectronics, Inc. 
Century Centre 
2603 Main Street 
Suite 510 
Irvine, CA 92714 
Tel: (714) 724-8n7 
FAX: (714) 724-8778 

GEORGIA (Atlanta) 

Fujitsu Microelectronics, Inc. 
3500 Parkway Lane 
Suite 210 
Norcross, GA 30092 
Tel: (404) 449-8539 
FAX: (404) 441-2016 

ILLINOIS (Chicago) 

Fujitsu Microelectronics, Inc. 
One Pierce Place 
Suite 910 
Itasca, IL 60143-2681 
Tel: (708) 250-8580 
FAX: (708) 250-8591 
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MASSACHUSETTS (Boston) 

Fujitsu Microelectronics, Inc. 
75 Wells Awnue 
SuiteS 
Newlon Center, MA 02159-3251 
Tel: (617) 964-7080 
FAX: (617) 964-3301 

MINNESOTA (Minneapolis) 

Fujitsu Microelectronics, Inc. 
3460 Washington Drive 
Suite 209 
Eagan, MN 55122-1303 
Tel: (612) 454-Q323 

FAX: (612) 454-0601 

NEW JERSEY (Mt. Laurel) 

Fujitsu Microelectronics, Inc. 
Horizon Corpcrate Center 
3000 Atrium Way 
Suite 100 
MI. Laurel, NJ 08054 
Tel: (609) 727-9700 
FAX: (609) 727-9797 

NEW YORK (Hauppauge) 

Fujitsu Microelectronics, Inc. 
601 Veterans Memorial Highway 
Suite P 
Hauppauge, NY 11788-1054 
Tel: (516) 361-6565 
FAX: (516) 361-6480 

OREGON (Portland) 

Fujitsu Microelactronics, Inc. 
5285 SW Meadows Road 
Suite 222 
Lake Oswego, OR 97035-9998 
Tel: (503) 684-4545 
FAX: (503) 684-4547 

TEXAS (Dallas) 

Fujitsu Microelectronics, Inc. 
14785 Preston Road 
Suite 670 
Dallas, TX 75240 
Tel: (214) 233-9394 
FAX: (214)366-7917 
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FMI Representatives - USA 

For product information, contact your lJ8arest Representative. 

Alabama Connecticut Indiana 

The Nows Group, Inc. Conntech Sales, Inc. Fred Dorsey & Associates 
2905 Westcorp Blvd, 182 Grand Street 3518 Eden Place 
Suite 120 Suite 318 Carmel,IN 46032 
Huntsville, AL 35805 Waterbury, CT 06702 Tel: (317) 844-4842 
Tel: (205) 534-0044 Tel: (203) 754-2823 FAX: (317) 844-4843 
FAX: (205) 534-{J186 FAX: (203) 573-0538 

Iowa 
Arizona Florida Electromec Sales 
Aztech Component Sales Inc. Samtronic Associates, Inc, 1500 2nd Avenue 
15230 N 75th Street 657 Maidand Avenue Suite 205 
Suite 1031 Altamonte Springs, FL 3270 1 Cedar Rapids, IA 52403 
Scottsdale, AZ 85260 Tel: (407) 831~33 Tel: (319) 362-6413 
Tel: (602) 99Hi3oo FAX: (407) 831-2844 FAX: (319) 362-6535 
FAX: (602) 991-Q563 

Semtronic Associates, Inc, 
1467 S. Missouri Avenue Maryland 

California Clearwater, FL 33516 Arbotek Associates 
Harvey King, Inc, Tel: (813) 461-4675 102 W, Joppa Road 
6393 Nancy Ridge Drive FAX: (813) 442-2234 Towson, MD 21204 
San Diego, CA 92121 Semtronic Associates, Inc. 

Tel: (301)825-Qn5 
Tel: (619) 587-9300 

3471 NW 55th Street FAX: (301) 337-2781 
FAX: (619) 587-Q507 

Ft Lauderdale, FL 33309 
Infinity Sales, Inc. Tel: (305) 731-2484 Massachusetts 
4500 Campus Drive FAX: (305) 731-1019 Milt-Bern Associates 
Suite 300 2 Mack Road 
Newport Beach, CA 92660 Georgia Wobum, MA 01801 
Tel: (714) 833-Q300 

The Novus Group, Inc. Tel: (617) 932-3311 
FAX: (714) 833-Q303 

6115-A Oakbrock Pkwy FAX: (617) 932-Q511 

Norcomp Norcross, GA 30093 
3350 Scott Blvd., Tel: (404) 263-Q32O Michigan 
Suite 24 FAX: (404) 263-9946 Greiner Associates, Inc, 
Santa Clara, CA 95054 15324 E. Jefferson Avenue 
Tel: (408) 727-7707 Idaho Suite 12 
FAX: (408) 986-1947 

Cascade Components Grosse Point Park, MI 48230 

Noroomp 2710 Sunrise Rim Road Tel: (313) 499-Q188 

2140 Professional Drive Suite 130 
FAX: (313) 499-Q665 

Suite 200 Boise, 1083705 
Roseville, CA 95661 Tel: (208) 343-9886 Minnesota 
Tel: (916) 782-9070 FAX: (208) 343-9887 Electromec Sales 
FAX: (916) 782-9073 1601 E Highway 13 

Illinois Suite 200 
Colorado Beta Technology 

Burnsville, MN 55337 

Front Range Marketing 1009 Hawthorn Drive 
Tel: (612) 894-8200 

3100 Arapahoe Road Itasca,IL80143 FAX: (612)894-9352 

Suite 404 Tel: (708) 256-9586 
Boulder, CO 80303 FAX: (708) 256-9592 
Tel: (303) 443-4780 
FAX: (303) 447-Q371 
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FMI Representatives - USA (Continued) 

New Jersey 

BGR Associates 
Evesham Commons 
525 Route 73 
Suite 100 
Marlton, NJ 08053 
Tel: (609) 983-1020 
FAX: (609) 983-1879 

Technical Applications & Marketing 
91 Clinton Road 
Suite1D 
Fairfield, NJ 07006 
Tel: (201) 575--4130 
FAX: (20 1) 575--4563 

New York 

Quality Components 
3343 Harlem Road 
Buffalo, NY 14225 
Tel: (716)837~ 
FAX: (716) 837-0662 

Quality Components 
116 Fayette Street 
Manlius, NY 13104 
Tel: (315) 682-8865 
FAX: (315) 682-22n 

Quality Components 
2318 TItus Ave. 
Rochester, NY 14622 
Tel: (716) 342-7229 
FAX: (716) 342-7227 
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North carolina 

The Now. Group, Inc. 
102.6 Commonwealth Court 
Cary, NC 27511 
Tel: (919) 460-ml 
FAX: (919)460-6703 

Ohio 

Spectrum ESO 
3947 Ray Court Road 
Morrow, OH 45152 
Tel: (513) 899-3260 
FAX: (513) 8911-3260 

Spectrum ESO 
8925 Galloway Trail 
Novelty, OH 44072 
Tel: (216) 338-522.6 
FAX: (216) 336-3214 

Oregon 

L-8quared Umitad 
15234 NW Greenbrier Pkwy 
Beaverton, OR 97006 
Tel: (503) 629-8555 
FAX: (503)645-8196 

Texas 

Technical Marketing, Inc. 
3320 Wiley Post Road 
Carrollton, TX 75006 
Tel: (214) 367-3601 
FAX: (214) 367-3605 

Static RAM Data Book 

Technical Marketing, Inc. 
2901 W~crest Drive 
Suite 139 
Houston, TX 77042 
Tel: (713) 783-4497 
FAX: (713) 783-5307 

Technical Marketing, Inc. 
1315 Sam Bass Circle 
Suite B-3 
Round Rock, TX 78681 
Tel: (512) 24<h2291 
FAX: (512)338-1596 

Washington 

L-8quared Limited 
105 Central Way 
Suite 203 
Kirkland, WA 98033 
Tel: (206) 827-8555 
FAX: (206) 8211-6102 

Wisconsin 

Beta Technology 
9401 W Beloit Street 
Suite3Q4C 
Milwaukee, WI 53227 
Tel: (414) 543-6609 
FAX: (414) 543-9288 
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FMI Representatives - Canada, Mexico and Puerto Rico 

Canada 

Pipe-Thompson Umited 
5468 Dundas SlnIet W. 
Suite 206 
Islinglon, Ontario M9B 6E3 
Tel: (416) 236-2355 
FAX: (416) 236-3387 

Pipe-Thompson Umited 
RR2 North Gower 
Ottawa, Ontario KOZ 2TO 
Tel: (613) 258-«)67 
FAX: (613) 258-7649 

Mexico 

Solano ElecIIonic:a 
Ermita 1039-10 
Colonia Chapalita 
Guadalajara. JAL. 45042 
Tel: (36) 47-4250 
FAX: (36) 473433 

Solano Elecllonicaa 
Thiel's 100 
Colonia Anzure. 
Mexico City, D.F. 11590 
Tel: (55) 31-5915 
FAX: (55) 31-5915 

Puerto Rico 

Semtronic Associates 
Mercantil Plaza Building 
Suite 816 
Halo Rey, Puerto Rico 00918 
Tel: (809) 766-0700 
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FMI Distributors - USA 

Alabama Marshallindusbies Colorado 

Marshall Industries One Morgan 

3313S. Memorial Highway Irvine, CA 92718 
Marshall Industries 

Suite 121 (714)4~ 
12351 N. Grant Road 
Suite A 

HuntsvUle, AL 35801 MarshaU Indusbies Thornton, CO 80241 
(205) 881-9235 336 Los Caches Street (303) 451-a383 

Repton Electronics Milpitas, CA 95035 

4950 Corporate Drive (408) 942-4600 
Sterling Electronics 
8200 South Akron Street 

Suitel05C Marshallindusbies Suite 111 
HuntsvUle, AL 35805 3039 Kilgore Ave. Englewood, CO 80112 
(205) 722-9565 Rancho Cordova, CA 95670 (303) 792-3939 

(916) 635-8700 
Arizona MarshaH Indusbies Connecticut 

Insight Electronics 10105 Carrol Canyon Road Marshall Industries 
1515 W. University Drive San Diego, CA 92131 20 Ste~ing Drive 
Suite 103 (619)579-9600 Wallingford, CT 06492 
Tempe, AZ. 85281 
(602) 829-1800 Marit Elec:tronics 

(203) 265-3822 

2070 Ringwood Avenue Milgray Electronics 
Ste~ing Electronics San Jose, CA 95131 326 W. Main Street 
3501 E. Broadway Road (408) 43oHl8OO Milford, CT 06460 
Phoeniz, AZ 85040 
(602) 268-2121 Sterling Electronics 

(203) 795-C711 

55310 Deny Western Microtechnology, Inc. 
Marshall Industries Unit X 731 Main Street 
9830 S. 51st Street Agoura, CA91301 SuiteB2 
Suite B121 (818) 707-Qlll Lantern Ridge Monroe, CT 06468 
Phoenix, AZ 85044 
(602) 495-C290 Sterling Electronics 

(203) 452.re33 

9410 Topanga Canyon Rd. 

California 
Chatsworth, CA 91311 Florida 

(818) 407-a850 Marshall Industries 
Insight Electronics 
28035 Dorothy Drive 

Sterling Electronics 
380 S. Northlake Blvd 

Suite 220 1342 BaH Avenue 
Suite 1024 

Agoura, CA 91301 Tustin, CA 92680 
Altamonte Springs, FL 32701 

(818) 707-2100 (714)2~ 
(407) 767-a585 

Insight Electronics Western Microtechno/ogy 
Marshall Industries 

15635 Alton Parllway 28720 Roadside Dr. 2700 W. Cypress Creek Rd. 

Suite 120 Suite 175 
SuiteC 106 

D 
Irvine, CA 92718 Agoura HUla, CA 91301 

Fl Lauderdale, FL 33309 

(714) 727-2111 (818) 356-0180 
(305) 977-4880 

Insight Electronics Western Miorotechno/ogy 
Marshall Industries 

6885 Flanders Drive 1637 North Brian 
2840 Sherer Drive 

Suite G Orange, CA 92667 
SI. Petersburg, FL 33716 

San Diego, CA 92126 (714) 637-0200 
(813) 573-1399 

(619) 587-9757 Western Microtechno/ogy 
MUgray Electronics 

Marshall Industries 6837 Nancy Ridge Drive 
1850 Lee Road 

9710 Desoto Ave. 
San Diego, CA 92121 

Suite 104 

Chatsworth, CA 91311 (819) 453-a43O 
Wmter ParII, FL 32789 
(407) 647-6747 

(818) 407-4100 Western Microtechn%gy 

Marshall Industries 
12900 Saratoga Ave. 

9674 Telster Ave. Saratoga, CA 95070 

EI Monte, CA 91731 
(408) 725-1660 

(818)459-6500 
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FMI Distributors - USA (Continued) 

Florida (Continued) Kansas 

Reptron Electronics Marshall Industries 
33320 N.w. 53rd Street 10413 W. 84th Terrace 
Sui19206 Lenexa, KS 66214 
FI. Lauderdale, FL 33309 (913)492-3121 
(305) 735-1112 

Milgray Electronics 
Reptron Electronics 6901 W. 63rd Street 
14501 McCormick Drive Owrtand Park, KS 68202 
Tampa, FL 33626 (913) 236-a800 
(813) 855--2351 

Maryland 
Georgia Marshall Industries 
Marshall Industries 2221 Broadbirch 
5300 Oakbrook Pkwy Suite G 
Suil9 146 Silver Springs, MD 20910 
Norcross, GA 30093 (301) 622-1118 
(404) 923-5750 

Milgray Electronics 

Georgia 
9801 Broken Land Parkway 
Columbia, MD 21045 

Milgray Electronics (301) 995--6169 
3000 Northwoods Parkway Vantage Components, Inc. 
Suil9 270 6925-R Qakfand Mills Road 
Norcross, GA 30071 Columbia, MD 21045 
(404) 446-97n 

(301)7~100 

Replron Electronics 
3040 H Business Park Drive Massachusatts 
Norcross, GA 30071 

Interface Electronic Corp. (404) 446-1300 
22B South Street 

illinois 
Hopkinton, MA 01748 
(617) 435-6858 

Classic Components MarshaH Industries 
3336 Commercial Ave. 33 Upton Drive 
Northbrook, IL 60062 Wdmington, MA 01887 
(312) 272-9650 (508)658-0810 
Marshall Industries Milgray Electronics 
50 E. Commerce Dr. 187 Ballardvale Street 
Suite I Wilmington, MA01887 
Schaumburg, IL 60173 

(508) 657-6900 
(312)490-0155 

Milgray Electronics 
Vantage Components, Inc. 
200 Bulfinch Drive 

3223 N. Wilkey Road Andover, MA01810 
Arlington Heights, IL 60004 (508) 687-3900 
(312)253-1573 

Reptron Electronics 
Westem MicroIechnoiogy 
20 Blanchard Road 

1000 E. Slate Hwy 9 Corporate Place 
Suite K Burlington, MA 01803 
Schaumburg, IL 60173 (617) 273-2800 
(312) 882-1700 

Indiana 
Michigan 

Marshall Industries 
MershaIIlndustries 
31067 Schoolcraft Rd. 

6990 Corporate Drive 
UYOnia, MI 48150 

Indianapolis, IN 46278 (313)525-6850 
(317)297--0483 

Sales Information 

Michigan 

Replron Electronics 
34403 Glendale 
Uvonia, MI 48150 
(313)525--2700 

Minnesota 

Marshall Industries 
3955 Annapolis Lane 
Plymouth, MN 55447 
(612)559-2211 

Reptron Electronics 
5929 Baker Road 
Minnetonka, MN 55345 
(612) 938--0000 

Missouri 

Marshall Industries 
3377 Hollenberg Drive 
Bridgeton, Me 63044 
(314) 291--4650 

New Jersey 

Marshall Industries 
101 Fairfield Road 
Fairfield, NJ 07006 
(201) 882--0020 

Marshall Industries 
158 Gaither Drive 
MI. Laurel, NJ 08054 
(609) 234-9100 

Milgray Electronics 
3002 Greentree Exec. Campus 
Suite B 
Marlton, NJ 08053 
(609) 983-5010 

Vantege Components, Inc. 
23 Sebago Street 
P.O. Box 2939 
Clifton, NJ 070 13 
(201) m--41oo 
Westem Microtechnology, Inc. 
387 Passaic Avenue 
Fairfield, NJ 07006 
(201) 882-4999 

New Maxico 

Sterling Electronics 
3450-0 Pan American Freeway 
Albuquerque, NM 87107 
(505)884-1900 
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FMI Distributors - USA (Continued) 

NawYork Ohio 
Marshall Industries Marshal Industries 
275 Oser Avenue 3520 Park Center Drive 
Hauppauge, NY 11788 Dayton, OH 45414 
(516) 273-2424 (513)898-4480 

Marshall Industries Marshal Industries 
129 Brown Slreet 30700 Bain Bridge Road 
Johnson City, NY 13790 Unit A 
(607) 798-1611 Solon, OH 44139 

(216) 248-1788 

NawYork Milgray EIecIronics 
Marshall Industries 6155 Rockside Road 
1280 Scottsville Road Cleveland, OH 44131 
Rochester, NY 14624 (216) 447-1520 
(716) 235-7620 

Reptron Electronics 
Mast Distributors 404 E. Wilson Bridge Road 
95 Ooer Avenue Sui1leA 
P.O. Box 12248 Worthington, OH 43086 
Hauppauge, NY 11788 (614) 436-6675 
(516) 273-4422 

Micro Genesis Oklahoma 

90-10 Colin Drive Radio Inc. 
Holbrook, NY 11741 1000 South Main 
(516) 472-6000 Tulsa, OK 74119 

Milgray Electronics 
(918)587-&123 

77 Schmitt Blvd. 
Farmingdale, NY 11735 Oregon 
(516) 420-9800 Marshal Industries 

Milgray Electronics 9705S.W. Gamin Drive 

1200 A Scottsville Rd. Beaverton, OR 97005 

Roches1ler, NY 14624 (503) 644-6050 

(716) 235-0830 Wes1lem Microtechnology 

Vantage Components, Inc. 1800 N.W. 1691h Place 

1 041-G West Jericho Tumpike Suite B300 

Smithtown, NY 11787 Beaverlon, OR 97006 

(516) 543-2000 (503) 629-0082 

mil North carolina Pennsylvania 

Marshall Industries 
Interface Electronic Corp. 

5224 Greens Dairy Road 7 Great Valley Parkway 

Raleigh, NC 27604 Malvern, PA 19355 

(919)878-9882 (215) 889-2060 

Reptron Elecltonics Marshal Industries 

5954-A Six Fork Road 
701 Alpha Drive 

Raleigh, NC 27609 Pittsburg, PA 15237 

(214) 783-0800 (412) 788-0441 
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Texas 
Insight Electronics, Inc. 
1778 Plano Road 
Sui1le320 
Richardson, TX 75081 
(214) 783-0800 

Marshall Industries 
8504 Cross Park Drive 
Austin, TX 78754 
(512) 837-1991 

Marshall Industries 
2045 Chenault 
Carrollton, TX 75006 
(214) 233-5200 

Marshall Industries 
2635 South Highway 77 
Harlingen, TX 78550 
(512)421-4621 

Marshall Industries 
7250 Langtry 
Houston, TX 77040 
(713) 89&-9200 

Milgray Electronics 
16610 N. Dallas Pkwy 
Suita 1300 
Dallas, TX 75248 
(214) 248-1603 

Reptron Electronics 
3410 Midcourt 
Carrollton, TX 75006 
(214) 702-11373 

Westem Microtechnology, Inc. 
18333 Preston Road 
Suile460 
Dallas, TX 75252 
(214) 248-3775 

Westem Microtechnology, Inc. 
2500 Wilcres~ 3rd Floor 
Houston, TX 77042 
(713) 954-4850 
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FMI Distributors - USA (Continued) 

Utah Marshalllndus1ries Marsh Electronics 

Marshallindusbies 11715 N. Creek ParlIway 1563 S. 101 st Street 

466 Lawndale Drive Suilll112 Milwaukee, WI 53214 

SuilllC Bothell, WA98011 (414) 475-0000 

SaltLaka City, UT 84115 (206) 488-0747 
Marshallinduslries 

(801) 485-1551 Weslllm Microtechnology 20900 Swenson Drive 

Milgray Electronics 14636 N.E. 95th Street Suite 150 

4190 S. Highland Drive Redmond, WA 98052 Waukesha, WI 53186 

Suite 102 (206) 881-6737 (414) 797-64004 

Salt Lake City, UT 84124 
(801) 272-4999 Wisconsin 

Classic Components 
Washington 2925 S. l60th Street 

Insight Electronics, Inc. New Be~in, WI 53151 

12002 115th Avenue, NE (414)7~ 

Kirkland, WA 98034 
(206) 820-8100 
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FMI Distributors - Canada 

British Columbia 

ITT Industries 
3455 Gardner Court 
Burnaby, B.C. V5G 4J7 
(604) 291-1227 

Space Electronics 
1695 Boundry Road 
Vancouver, B.C. V5K 4X7 
(604)294-1166 

Ontario 

ITT Industries 
300 North Rivermede Road 
Concord, ON L4K 2Z4 
(416)736-1114 
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Marshall Industries 
4 Paget Road 
Unit 10 & 11 
Framton, ON l.6T 5G3 
(416) 458-«146 

Milgray Electronics 
150 Consumers Road 
SuII8502 
Willowdale, ON M2J 4R4 
(416) 756-4481 

Quebec 

Marshall Industries 
3869 Sources Blvd 
Suite 207 

Static RAM Data Book 

0.0.0., QUE H9B 2A2 
(514) 683--9440 

Space Electronics 
5651 Rue Ferrier Street 
Mannal, QUE H4P 2K5 
(514) 697-8676 
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Fujitsu Mikroelektronik GmbH (FMG) Sales Offices for 
Europe 

France 

Fujitsu 
Immeuble Ie Trident 
3--S, Yoie Felix Eboue 
F---94024 Creteil Cedex 
Tel: (1)4--207-8200 
Telex: 262861 
FAX: (1 )4-207-7933 

F.R. Germany 

Fujitsu Mikroelektronik GmbH 
Lyoner Strasse 44-48 
Arabella Center 9. OG 
0-6000 Frankfurt am Main 71 
Tel: (69)66320 
Telex: 411963 
FAX: (69)66321 

Fujitsu Mikroelektronik GmbH 
Am Joachimsberg 10-12 
0-7033 Herrenberg 
Tel: (07032) 4085 
FAX: (07032) 4088 

Fujitsu Mikroelektronik GmbH 
Cari-Zeiss-Ring 11 
0-8045 Ismaning 
bei Munchen 
Tel: (89)960-9440 
Telex: 8974464 
FAX: (89)960-9442 

Italy 

Fujitsu Microelectronics 
ltalia S.R.L. 
Centro Oirezionale Milanofiori 
Strada 4 - Palazzo Al2 
1-20094 Milano 
Tel: (39)(2)824-6170/176 
Telex: 318546 
FAX: (39)(2)824-6189 

Netherlands 

Fujitsu Benelux 
Europa/aan 6/B 
5623 LJ Eindhoven 
Tel: (31)44-7440 
Telex: 59265 
FAX: (31)44-4158 

Sweden 

Fujitsu Microelectronics Ltd. 
Torggatan 8 
17154 Solna 
Tel: (8)764~365 
Telex: 13411 
FAX: (8)28-{)345 

United Kingdom 

Fujitsu Microelectronics Ltd. 
Hargrave House 
Belmont Road 
Maidenhead 
Berkshire SL6 6NE 
Tel: (0628)76100 
Telex: 848955 
FAX: (0628)781484 
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FMG Distributors - Europe 

Austria AspecsOY Unidis Group Torino 

Eljapex Handelsges. MBH Myynnaentie 2 A PCMSnC 

Eitnergasse 6 01600 Vantaa Via Piave 54/8 
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DESIGN APPLICATIONS 

Internally timed RAMs build 
fast writable control stores 
Mohammad Shakalb Iqbal 
Fujitsu Microelectronics Inc., 3545 N. First St.. San Jose. CA 95134-1804; (408) 922-9000. 

The increasing speed of mainframes and minicom
puters produces a need for memory access even 
faster than that supplied by ECL RAMs. One way 
to cut into 15-ns memory-access times is through 
process improvements, but this avenue quickly 
reaches its limits. Another method is to rework the 
architecture of the writable control store, which 
holds the microinstructions that implement the 
machine's assembly-language instructions. For in
stance, adding registers in the address and data 

Create faster comput
ers without sacrificing 
board space. Self
timed RAMs do the 
trick, replacing stan
dard ECL RAMs in 
control memories. 

--1 Program status 
word 

~ Control 
unit 

l 
Memory 
signals 

Memory 
function 

complete 

lines to the con trol 
memory causes a pipe
line effect that speeds 
up both read and write 
operations. 

But the number of 
registers needed to pro
cess the size of control 
words in some of to
day's minicomputers 
can be prohibitive. The 
solution, lies in the new 

I Arithmetic I 
I logic unit I 

Internal bus 

Instruction I 
register 

self-timed RAMs (STRAMs)--pipelined memory 
devices containing on-board registers or latches, as 
well as a write-pulse generator. STRAMs not only 
shrink access times to 7 ns, but they also cut board 
space and reduce the number of lengthy connec
tions between discrete parts. The latter is important 
because at ECL speeds these leads act as transmis
sion lines, generating reflections and crosstalk. 

To better understand how a STRAM can help a 
designer perform a specific task, consider a mini
computer's basic architecture. Both mainframes 
and minicomputers use microprogrammed proces
sors in their CPUs. A microprogram is a flexible 
way to generate the control signals that implement 
assembly language. These control sequences or mi
croinstructions ~eside in a control memory, usually 
a set of PROMs addressed by a microprogram 
counter. 

In a microprogrammable machine, however, the 
control memory consists of fast RAMs, so a user 
can alter the control signals and modify the instruc
tions. For example, a typical minicomputer CPU 

I 
: Accumulator I 1 

2 
3 

General-
purpose 
registers . 

16 

1 
I Program J 

counter 

~ l I Memory I 
address reg~ster 

I Memory 
data register 

J l 
1. In a typical microprogrammed CPU, a control unit holds a control word employed for register 
loading, identification, and reading. 

Reprinted with permission from ELECTRONfC OESIGN - August 25. 1988 Copyright 1988 VNU Business Publications, Inc. 
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contains 12 kbytes of microprogrammable memory in its 
writable control store to diagnose problems, perform cer
tain instructions, and change the microcode. For the s0-

phisticated user, the CPU has an extra 12 kbytes of writ
able control store. This architecture lets a user change the 
way the computer responds to machine-languageinstruc
tions. 

A microprogrammable CPU usually contains general
purpose registers, an instruction register, a memory data 
register, a memory address register, a program counter, a 
16-function arithmetic logic unit, a temporary register 
called an accumulator, and a control unit (Fig. 1). The 
memory data register holds the data word to be sent to the 
memory, and the memory address register holds the ad
dress to the memory. The control unit sends a control 
word for register identification, loading, and reading. It 
generates signals like memory read and write, accumula
tor read and load, and ALU operations. The accumulator 
holds the ALU inputs and outputs. 

The writable control store is implemented within the 

System dat. 
bus 

Instruction 
decoder 

To re~isters ToALU 

COntrol 
signals 

2. Adding registers to a writable control store's data 
and address paths speeds up the computer but at 
a steep price in board space. An alternative Is to 
replace the components In the highlighted area 
With a self-timed RAM, which contains a write-pulse 
generator and registers. 
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control unit (Fig. 2). Its task is to generate the correct se
quence of steps to execute the assembly-language instruc
tion. Included in the controller are a starting address gen
erator, microprogram counter, control memory, and 
control register. The control memory, addfessed by the 
microprogram counter, stores the microinstructions. The 
control register holds the control word. 

The process begins when the CPU fetches a machine
language instruction from the main memory and loads it 
into the instruction register. MiCroprogramming then 
takes over. The instruction register puts the instruction 
into the starting address generator, which decodes the ad
dress of the first microinstruction in the control memory 
and loads this address into the microprogram counter. 
Next, the contents of the control memory pointed to by 
the microprogram counter are fetched and loaded into 
the control-word register. The microprogram counter is 
then updated to point to the next microinstruction in the 
desired sequence. 

Minicomputers have control words 10 to 100 bits long. 
Each bit placed into the control-word register controls a 
part of the computer, including the instruction register, 
program counter, accumulator, memory, and ALU con
trol. Hence, each bit is connected to a specific destination. 
The various control signals open or close data paths to 
these destinations or instruct the locations to perform an 
operation. For example, to.transfer data between two reg
isters, a control signal must instruct the source register to 
place the data on the bus, and a second signal must tell the 
destination register to read the data on the bus. 

If the control store is writable, there must be a multi
plexer between the microprogram counter and the con
trol memory, because the address can come from either 
the microprogram counter or the system address bus. The 
system address bus's only task is to write to the control 
memory. 

This is where a register between the counter and con
trol memory input is beneficial. While the microprogram 
counter is generating an address during a read cycle 
(when it increments), the previous address can be in the 
register pointing to the control memory. That's the de
sired pipeline effect. 

The computer gains a similar advantage during write 
cycles-that is, when the instructions in the micropro
gram are being altered. In this case, the new data is car
ried over the system bus and written in the control memo
ry. If the memory consists of standard ECL RAMs and 
no registers, the address-hold time requirement will slow 
down the process. 

Adding a register again creates a pipeline effect be
cause the address and the data are both placed in the reg
ister. The address remains valid on the register's outputs 
until a new clock edge arrives, bringing a new address 
from the microprogram counter. The data and the ad
dress inputs are placed in the register on the true ongoing 



edge of the clock. The Write Enable signal is also placed 
in the register (Fig. 3a). 

The several nanoseconds saved on each read and write 
cycle can add up to a considerable speed increase during 
normal computer operation. As noted, using STRAMs 
gives the designer this speed boost without the space pen
alty exacted by discrete registers. 

In the example noted, a totally pipelined architecture 
was desired, so the registered STRAMs were used. This 
configuration yields the highest bit rate at the system lev
el because the succeeding cycle can begin while the output 
signal is slewing and propagating. The data isn't available 
at the outputs until the next clock edge. 

In some computers, however, the control store might 
have to read data from the RAM in one memory cycle. 
When this is the case, the control memory's inputs must 
have latches to hold the input data and address for saving 
the hold times. The output lines are also latched so that 
data can be placed on the data bus in one cycle. A latched 
STRAM fills the bill. This device's timing diagrams show 
that in read cycles the data is read in the same memory 
cycle (Fig. 3b). 

In a STRAM, the Address, Data In, Chip Enable, and 

(a) 

(b) 

Write Enable signals are latched into the on-chip registers 
or latches by the true-going edge or level of the clock 
pulse at the start of the memory cycle. All these signals 
remain valid throughout the memory cycle until the next 
true-going clock edge or level. As a result, signals need 
not be held stable during the entire cycle. They can slew 
down during one cycle to prepare for the next one. 

It's advantageous to trigger the write operation at the 
true going clock edge by latching the Address, Data, and 
Write Enable signals. Then the new Data and Address 
signals can be placed at the inputs while the old data is be
ing written to the RAM cells. Also, this technique elimi
nates address skew because all the timing is clock-edge 
driven. 

The basic difference between the registered and the 
latched STRAM, in fact, is that the former is clock-edge 
sensitive, while the latter is level sensitive (Fig. 4). During 
a registered STRAM's read cycle, the data is available in 
the next clock cycle. For the latched STRAM, the data is 
available during the same memory cycle. 

An advantage of both the latched and the register 
STRAM, however, is the built-in write-pulse generator, 
which eliminates an annoying problem associated with 

3. Timing diagrams show that in a registered STRAM (a) the control word Is read In the second 
clock cycle, while a latched STRAM (b) reads the data In the same clock cycle. 
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4. Both the registered (al and latched versions (bl of the STRAM include a write-pulse generator. The de
vices have dillerential clock Inputs-Clock and Clock-but slngle-ended operation Is possible by connect
Ing either clock line to an Internal reference voltage. 

fast ECL RAMs-the generation of a narrow write pulse. 
This on-board capability not only simplifies the design
er's task, since creating very narrow pulses can be diffi
cult, but it also speeds up the write cycle. 

For instance, the length of a write cycle for a typical 
static RAM, MBMI0474-15, employed without input 
and output latches is the sum of the minimum setup time, 
2 ns; the write-pulse length, 12 ns; and the minimum hold 
time, 1 ns. That comes to IS ns. For a latched STRAM 
with an internal write pulse generator, MBMI0476LL-9, 
the write cycle time is the minimum setup time, 1 ns, plus 
the minimum high or low clock time, 6 ns-a total of7 ns. 

Another advantage of the STRAM is that the data 
written in the RAM is transparent to the outputs. This 
boosts the speed of the system for a cache write-through 
and improves the write-cycle timing for the writable con
trol store. Also; the input data is transparent to the output 
in the same clock cycle for the latched STRAM and in the 
next cycle for the registered version. The transparent fea
ture is helpful in diagnostic tasks and for writing back the 
data into the next location. 

In both types ofSTRAMs the setup and hold times are 
identical for all inputs, simplifying the timing. The sum of 
the setup and hold times, also called the required valid 
window, is only 30% ofthe overall cycle time. For exam
ple, a Ik-by-4latched STRAM, the MBMI0476LL, has a 
clock cycle of 10 ns and a setup time plus hold time of 3 ns. 
This low ratio leaves enough time for the inputs to get 
ready for the next cycle. 
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The read and write cycles also have the same timing, 
because the data-input registers and latches are loaded at 
the start of each cycle, regardless of the type of cycle. This 
balanced read-write configuration is helpful for systems 
integration. When Write Enable is low at the beginning of 
a cycle, an internal write operation writes the data into 
memory and restores internal write lines to their original 
values. 

The devices have differential clock inputs-Clock and 
CloCK-to increase timing accuracy. They can be con
nected in either the differential or single-ended mode. In 
the differential mode, data is latched at the cross point of 
the rising edge of Clock and at the falling edge of CloCK. 
Connecting either Clock Or ClOcK to the internal refer
ence voltage configures the STRAM in the single-ended 
mode, latching data at the true going edge of the clock.D 

Mohammad Shakaib Iqbal, an application engineering 
supervisor at Fujitsu Microelectronics Inc., works on local
area networks, microcontrollers, small computer system 
interfaces, and memory products. He holds a BSEE from 
NED University, in Karachi, Pakistan, and an MSEE 
from Oregon State University, 
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APPLICATION NOTE 
FUJITSU 

Separate Data Inputs and Outputs SRAMs 
Provide New Architectural Solutions 

for System Designers 

ABSTRACT 

Applications Engineering Department 
Fujitsu Microelectronics, Inc. 
Integrated Circuits Division 

Copyright© 1990 by Fujitsu Microelectronics, Inc. 

Traditionally, Static Random Access Memories (SRAMs) which can store greater than one-bit-wide words are 

available in packages with common data inputs and outputs. This is a consequence of the package size 

constraints, for wider word widths. Fujitsu also offers byte wide and word-wide devices such as MB8I C78A, 

MB8IC79 and MB8I C40. In the case of SRAMs with four-bit wide words or less, the increase in package size is 

not Significant. Instead, the advantages of separate I/Os for system designers more than outweigh the slight 

increase in package size. The basic benefit of having separate data inputs and outputs is that it does not require 
the data bus direction to be changed during a read-modify write cycle. Thus, the need for multiplexing and 

demultiplexing in the data paths is eliminated. This application note deals with some specific usage areas 

which take advantage of the separate data input and output SRAMs. 

A large variety of new applications, as well as some old memory designs have a need for separate data input 

and output pins on the SRAMs. Some of the key application areas are as follows: writeable ritual 

microprogram control stores, cache memory systems, and deep FIFO data buffers for disks and LANs. The 

following discussion covers each of these application areas, highlighting the importance of the separate data 

input and output SRAMs. 
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Microprogramming and Writeable Control Store 
Microprogramming has become one of the most powerful tools currently available to designers of 

high-speed, microprocessor-based systems. It provides a degree of flexibility previously unattainable in 

sophisticated processors and controllers. 

Microprogramming is actually accomplished by execution of a machine language program that is made 

up of a sequence of microinstructions. This execution is performed at a microinstruction level by having 

each microinstruction interpreted on the host machine hardware through a microprograml 

Microprograms comprise a sequence of microinstructions that activate the control primitives of the host 

machine. Individual sequences contain all the elemental steps required to perform system function. The 

microprogram is kept in a high-speed, random access storage unit that is called a control store or control 
memory. Control storage is normally found implemented as a ROM. However, control storage may also 

exist as a dynamically alterable memory known as a writeable control store. A read only memory cannot 

be modified by an executing microprogram. The contents of the control ROM are unalterable and provide 
a fixed interpretation sequence for a given microinstruction set. On the other hand, the contents of the 

writeable control store can be modified by executing a microprogram This allows the architecture of the 

host machine to be redefined under microprogram control since a different microprogram module may be 

loaded in the writeable control store under the control of the user program. A processor having this 

capability is called a flexible architecture machine. 

A writeable control store memory provides the main application for the static RAM with separate data 

inputs and outputs. This will be evident from the arrangement of the control store as shown in Figure 1. 
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The Main Parts of a Control Store 
1. Microprogram Counter 

The microprogram counter contains the address of the next microinstruction which is loaded in 

the control store. Usually, it is incremented by one, and the program sequencing is done by 
adding one (1) to the current contents of the microprogram counter. 

2. Microprogram Instruction Register 

3. 

4. 

The microinstruction register contains the current microinstruction being executed by the host 

machine. For a read only store, the microinstruction register would not provide leads for data to 

be written into the control memory - it would only receive data from the control store. 

Control Store Data Register 
Since many microprogrammed machines use a combination of read only storage and writeable 

storage, another register must be provided to supply data to be written in the writeable control 

memory. This register can be called the control store data register. 

Control Store Address Register 
Generally, the microcode which is loaded in the writeable control store is not written into the 

same location as that of the next instruction; therefore, a fourth register is needed. This register is 
called the control store address register. It points to the location in the writeable control store 

where the data word in the microcode is to be stored. 

It is possible to combine the functions of the microprogram counter and the control address register as 
well as the functions of the microinstruction register and the control store data register. In general, these 

four registers will be kept separated, with the control store address register and 
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the control store data register forming a pair that references writeable control store and functions 

independently of the register pair formed by the microprogram counter and the microinstruction register. 
The microprogram counter and the microinstruction register, in tum, reference read-only control storage 

in terms of microprogram execution. Thus, a block of microcode could be loaded from a system 

peripheral, such as a floppy disk, into the writeable control store for usage by a specific microprogram. 
Similarly, data from either writeable control store or control ROM could be copied by control memory 

over into the main storage. The precise reasons for performing these operations would be dictated by the 

requirements of the user. In this application it is desirable to us an SRAM, with separate data inputs and 
outputs to avoid the multiplexing and demultiplexing in the data paths. 

Some systems use only writeable control store as control memory. In this case, the sequencer needs the 
addresses for read cycles of the RAM, while the microprocessor sends the addresses for the write cycle of 

the RAM. Typically the outputs of the writeable control store are to be configured in a very wide 
microword, anywhere between 64 to 96 bits wide. This is a horizontal microword implementation. The 

term horizontal here implies that the microword has enough bits to directly control all the significant 
machine resources without additional decoding, encoding or other hardware interpretation. The inputs, 

however, are configured into an 8- or 16-bit wide data bus, in order to be loaded directly from the host 

microprocessor. This is evident from Figure 2 presenting the more detailed arrangement in as typical 
system, which uses only a writeable control store. 
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For this type of architecture, a static RAM with separate data inputs and outputs is reqUired. If this design 

is implemented by devices having a common data input and output bus, then the design would require 
numerous buffers, or transceivers to accomplish this function. Thus, by using the separate data input and 
output static RAM, like the Fujitsu MB81C86 which is 64K x 4 bits wide, the designer realizes a significant 

savings in Ie count, as well as PC board real estate. 

Some Thoughts on Application Areas 
Due to the flexibility and cost reductions throughout the design development and maintenance, 

microprogrammed (MP) systems extend across large product and application areas, ranging from simple 

control functions to complex real time control systems. 

Aside from the more common applications, such as emulation of other systems, and upward/downward 

compatibility among series configured minicomputer systems, microprogram control units (because of 

their cost effectiveness) can be applied to functions previously performed only by special circuits or 
custom made devices. For example: 

1. Process control systems (factory automation). 

2. Instrumentation systems (signal generators, synthesizers etc.). 

3. Intelligent terminal for off-line editing (supermarket checkouts, terminals of investment houses). 

4. Real time data processing (spectral analysis, pattern recognition, etc.). 

5. Data communications systems have MP systems controlling polling, scheduling tasks, buffer 
management (front end processors, communication processors, etc.). 

Applications of MP systems are virtually unlimited because of their high performance/low cost 
implementation. Hence, the availability of static RAMs with separate data inputs and outputs has a 
substantial impact on the design of MP systems which, in tum, find their way into a wide variety of 
applications, as discussed previously. Another area of system architecture which benefits from the 

separate data inputs and outputs on the static RAMs is the cache memory system design. 

Cache Memory Systems 
In a cache-based system, a small, fast memory known as the buffer or the cache, (with roughly the same 

speed as the processor registers) is interposed between the processor and the main memory. This cache 

serves as a transparent bridge between their speeds. The "cache bridge" is transparent in the sense that is 

is invisible, making it inaccessible to the users, since it is completely hidden from them and not directly 

addressable (cache means "a hiding place"). However, by providing the processor with all the current 

information it requires at a faster speed, the cache creates an illusion of having a large main memory 
operating.3 

During the era of early computing, the main memory technology was quite slow compared to the speed of 

the CPU. In order to overcome the slow access of the main memory, a small high performance cache 

buffer memory was placed between the CPU and the main memory. Figure 3 shows two of the most 
common memory hierarchy. 

The two-level cache has already been discussed; i.e., slow memory communicates with a fast CPU. The 

three-level case takes into account the advantages of having a cache. With this memory hierarchy scheme, 

the CPU would execute data from the very fast cache buffer and would only have to slow down when this 
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buffer required new data from the slow main memory. Thus, with a small fast buffer, the overall 

performance of the large, slow main memory approaches that of the buffer. 

CPU ~ Main ~ Secondary 1 Memory Memory 

(a) Two-level 

CPU ~ CACHE ~ Main ~ Secondary 
Memory Memory I 

~ 
(b) Three-level 

Figure 3. Common Memory Hierarchies: (a) Two-level, (b) Three-level 

Basic Blocks of a Cache Memory 
As already discussed, the philosophy behind the concept of buffering or caching is to use a fast, relatively 

small memory between the processor and the main memory. Figure 4 shows a typical way of 

implementing a cache memory system. 

~ .. 
Address Bus Switch 

Priority 
Updale 

Usl '-- r-

Control Tag 
Directory 
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BulferlOata .. RAM 
Main 

Memory 

Data 

t Data - I -Switch 

Figure 4. Typical cache Memory Structure 
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Buffer Block 
A cache memory is basically a small, high-speed memory with main memory information, This 

information may be addresses, data or instructions. Hence, the cache can be an address cache, data cache 

or an instruction cache. Its speed is typically an order of magnitude faster than that of the main memory, 

while its capacity is typically one or two orders of magnitude less than that of the main memory. 

Tag/Directory Block 
A cache memory system requires an identifier or tag store to indicate which entries of main memory have 
been copied into the cache store. Data in the large main memory has to be mapped into the smaller cache 

buffer, where it is partitioned or subdivided into small segments called blocks. Each block is identified 

with a label called the tag address. These tag addresses are stores in an associative RAM called the 

tag/directory RAM. It operates like a search memory. 

Priority Update List 
A buffered memory requires a logical network that selects words or blocks to be removed when the new 

entries (words or blocks) need to be brought into the cache. This structure is called the priority update list. 

Control Logic 
A cache memory system also requires control logic to generate all timing for synchronizing various 

activities; for example: searching the tag store, getting the data out of the cache, and replacing proper 
entries in the cache. 

The operation of the total system is quite simple. Whenever the CPU requests the data from the main 

memory, the first operation that takes place is the matching of addresses coming from the CPU with the 
addresses inside the directory RAM. If this matches, then the data associated with this tag address is sent 

to the CPU. This is known as "hit" or address match. If the directory RAM does not contain the address 

being accessed by the CPU, then a "miss" takes place. When this happens then the data from the main 

memory is sent to the CPU. It will also be simultaneously stored in the buffer RAM. Hence, if this address 

is accessed again then the data will come from the cache. 

The cache buffer design involve many parameters such as type of memory mapping schemes,(fully 

associative, direct and set associative), cache size, block size, data replacement algorithm, and a variety of 

other features which will not be covered in this paper. 

In the earlier cache-based systems. the capacity and performance of main memory were modest in 

comparison to today's systems. Designers were using expensive bipolar RAM technology for performance 

considerations. Due to the improvements in semiconductor process technology, both bipolar and MOS, 

the size and performance of cache memories have continued to grow as shown in Figures 5 and 6.2 
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As shown in Figure 6, the typical CPU cache times are approaching 55 ns or less. As far as the 

performance or hit rate of the cache is concerned, it is primarily determined by the buffer size. 

Consequently, if a cache buffer size is large, in the order of 256K or 512K, the miss rate is low (see Figures 
5 and 6.) Hence, a RAM 64K deep, will be an excellent choice. The third most important thing in the 

selection is the word width. Historically, a RAM with a large number of output drivers is slower than a 
device with fewer outputs because of high ground noise. Also, with wider word widths, the system 

designer usually winds up with a large number of unused bits/word. A by-1-organization would provide 

the highest performance and exact word widths but it will use a large number of devices. Therefore, a 

by-4-organization usually provides a more optimum alternative. This choice also affects the board layout. 

The majority of by-4-bits and by-8-bits wide SRAMs have their inputs and outputs multiplexed over the 

same pins. This arrangement, however, increases turnaround and settling delays, thereby slowing system 

performance. As shown in Figure 4, if the tag and data RAM have a separate data input and output 

channel, then the glue logic for comparisons will not be followed by multiplexers and demultiplexers. 

Thus, a SRAM with a separate data input and output bus is ideal for this case. The Fujitsu MB81C86 is a 

CMOS 64K x 4 SRAM, with an access time of 55 ns, and a separate data input and output bus. For systems 

which require very high performance, without board layout constraints, MB81 C71A (the 64K x 1 CMOS 

SRAM with access times as fast as 25 ns) from Fujitsu provides a unique solution. It is also useful for 

high-speed minicomputers and mainframe applications. 

Building a Large Disk Cache 
Real time interactive graphics and CAD systems are two high-speed computing applications which 

require a large on-line data base. Only mass storage can deal with such huge"quantities of data. Disk 

drives, as well as the mag tapes are extremely slow, although their capacity is sufficient. These devices 

transfer data much too slowly for today's high performance mainframes, minicomputers, or 

microcomputers. 

One solution is to place a semiconductor cache memory between the CPU and the disk subsystem. The 

cache should be large enough to hold a significant percentage of the data the CPU requires from an I/O 

device. This cache not only improves the disk data transfer rate, but also more closely matches the speed 

of the central processing unit of th~ host system. Incidentally, this cache will not place a heavy demand on 

the power from eith'!!!'-tl:te system or battery back-up." 

The Fujitsu MB81C81A-35/ 4S1sa-prime candidate since the cache would be several megawords in size. 

This is a 256K x 1 CMOS SRAM. This device has separate data inputs and outputs. In order to design a 

512K bytes of disk cache, for an 8-bit wide data bus, only 16 of these devices are needed. If the host's main 

memory access time is 80 ns, then a 45 ns device shortens the system throughput time. A typical system is 

shown in Figure 7. 
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Figure 7. A Large Disk Cache for a Disk Drive Enhances System Performance 

Building Deep FIFO Buffers 

Static RAMs 

Separate data input and output SRAMs have a wide variety of applications. They are useful in building 

deep FIFO buffers. FIFO is a First-In-First-Out memory which can be implemented in different ways. The 

main function of this type of memory is to read out the data in the same order that it was written. The 

basic design of a FIFO implemented from the separate data input and output SRAM is shown in Figure 8. 
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Figure 8. Basic FIFO Design 

The FIFO control logic consists of two ring counters for generating read and write addresses. When the 

FIFO is empty, then both of these counters are initialized to location zero in the SRAM, In the case of a 

write to the SRAM, the write counter is incremented, thus pointing to the next empty location. The read 
counter always points to the full location; i.e., the location which has data written into it. When all the data 

has been read, and the read and write counters point to the same location, the FIFO control logic generates 

an empty flag. A full flag is generated when the write counter points to an address on less than the read 

counter. At this point no further data dumps ar allowed in the FIFO. This FIFO control block is 

commercially available as FIFO RAM controller, which can easily create 64K deep buffers from the 

separate data input and output SRAMs. 

FIFO devices are marketed with onboard RAMs. These commercially available FIFO devices provide 

asynchronous operation, but are not deep enough for such applications as buffers for disk systems, 

printers, and local area networks where the data usually comes in the form of large blocks. Designers 

cannot afford to lose the data, consequently, the FIFO buffer should be large enough to hold the complete 
block. The deepest commercially available devices are 2K words deep. 

In order to implement a deep FIFO buffer, it is desirable to have a SRAM with separate data inputs and 

outputs. This avoids the turnaround delays and muxesl demuxes. Another advantage of using the SRAMs 

over commercially available devices is that the data can be accessed by the CPU. Therefore, in the disk 

environment the error correction can be done on the fly. This is not possible in commercially available 

FIFO devices as they do not have an address Bus. 
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Conclusion 
Fujitsu offers a CMOS 64K x 4 SRAM (MB81C86, with 55 ns access speed), 64K x 1 SRAM (MB81C71A, 

25 ns access speed), 256K x 1 SRAM (MB81C81A-35 access speed) with separate data inputs and outputs. 

Also, all Fujitsu ECL SRAMs (deepest configuration available = 256K x 1 at 15 ns and the fastest available 

is 5 ns at 4K and lk depth) have separate data inputs and outputs. The availability of separate data inputs 

and outputs SRAMs, help system designers develop not only an efficient system, but also a less expensive 

system because of smaller board space. The important application areas which exploit this feature are 

writeable control stores, cache memory systems, and deep FIFO buffers for disk controller boards and 

LANs. 
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Introduction, An Overview 
This manual is intended to serve two purposes: to provide an extensive tutorial on cache design and to 

aid in the process of designing a tag buffer, Fujitsu's MB81C51, into the engineer's high-perfonnance end 
system. This guide focuses on cache design, various cache architectures and system requirements. The ap
pendix to this handbook supplies details on Fujitsu's cache tag RAM, the MB81C51. Theory and perform
ance analysis of cache are covered in moderate detail; they are covered in greater depth in the references 
found at the conclusion of this Application Handbook. 

The information contained within this Application Handbook, supplemented with the appropriate data 
sheet, is intended to address the majority of typical design-in issues related to cache design with Fujitsu's 
RAMs. However, if additional infonnation is necessary for the designer's successful application of these 
devices, please contact the nearest Fujitsu Sales Office. (See the Sales Infonnation Section.) 
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1. Caches: GrowinQ in Popularity, 
Mysterious in Defimtion 

As depicted in Figure 1-1, Fujitsu supports a number of devices for the implementation of cache in 
computers ranging from high-end ECL-based mainframes through ECL- and Mas-based minicomputers 

to rapidly advancing desktop 32-bit microprocessor-based computers. Fujitsu's broad line of standard and 
application specific MOS and ECL SRAMs are designed to address the needs of today's designers who are 

facing the memory implementation problems faced in years past only by mainframe and minicomputer 

designers. This new wave of design requirements and resulting innovations are largely due to the intro

duction of second generation 32-bit microprocessors, the growing popularity of micro-based multiproces

sing systems, and the commercial acceptance of RISC processors, which boast unusually fast clock rates, 

and require one or two memory accesses per cycle. Consequently, memory performance, the fundamental 

bottleneck for most CPUs, must keep up with processor technology if the system performance is to im
prove. Even if main memory could keep pace, it can only match the speed performance of a dedicated 

processor. In multiprocessor systems, coprocessor systems and systems that best utilize DMA for I/O, 
sharing bandwidth is stilI the critical issue. 
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Figure 1-1. FUjitsu's Role In the Functions of a Computer-based System 

1.1 Motivations for Using a Cache 
Cache memory is an additional level of the memory hierarchy that performs two functions. First, it 

provides a cost effective way to perform a memory cycle in a time that approximates that of the local proc

essor's memory cycle time. Secondly, by prOviding an additional level to the memory subsystem hierar

chy, the cache isolates the local processor's high-speed bus from that of main memory. This extra level of 

high-speed memory permits main memory to be implemented with inexpensive DRAMs, and to continue 

to provide a wide bandwidth for other devices that access the main buffer, such as other multiprocessors, 

DMA channels, graphics processors and math coprocessors. 

1.2 Cache Terminology and Implementation 
Cache is implemented by mapping a subset of the main memory into another memory subsystem 

whose cycle time is less than the minimum bus cycle time of the local processor to avoid wait states. 

Cached entries reside in this high speed cache data buffer, which is usually implemented with CMOS or 

ECL Static RAMs (SRAMs). 

1.3 Cache Association, Storage and Control 
Since cache supports only a subset of main memory, some way of identifying the original, or parent 

location in main memory from which the cached data originated is necessary, so that reSidency of a refer

enced instruction or datum can be determined (instructions and data will often collectively be termed 

data). A valid memory address will reference data located in one or more locations: local cache, main 

memory, or secondary storage (disk). To determine which is the case for a given memory access, cached 

data is stored with it~ associated address or tag. The tag is compared against the requested address to de

termine cache residency. Just as a request for data in a page that is not in main memory produces a page 

fault, so a cache reference that is not resident is termed a miss, while its counterpart is the always desired 

hit. 
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The tag buffer, best implemented with CMOS or EeL tag RAMs, interfaces to the cache data buffer, 
with which it is tightly coupled, and both are controJled by the cache controller that interfaces to the proces

sor and the cache. The controJler, responding to a processor memory cycle, initiates the interrogation of 

the tag RAM to determine residency, then takes the appropriate action, depending on whether the result 

was a hit or miss. These hardware functions and their relationship are represented in Figure 1-1, which 

also reveals the breadth of FUjitsu devices available to implement the tag and data buffers in both ECL 

and CMOS systems. 

The last major cache system element is the bus monitor/bus controller, which observes the system bus 

(under most protocols) and controls access to and from the cache to main memory. To summarize, there 

are four functional blocks that make up the typical cache subsystem: 

1. tag buffer 

2. cache data buffer 

3. cache controller 

4. bus monitor 

The implementation of the tag and data buffers will be thoroughly covered in this Application Hand

book, while the controJler and monitor will receive an overview. 

1.4 Cache Performance Justification: The Principle of Locality 
Because the cache is a subset of the main memory, it is susceptible to misses. These misses result in 

main memory accesses to read or write the missing data (usually by allocating and updating a line entry 

in cache). However, access to main memory suffers a delay penalty and, if such misses are frequent, cache 

may provide no obvious advantage except to isolate the processor from main memory. So why does cache 

work for buffers of surprisingly small size? Figure 1-2 shows a histogram of a program execution se
quence that plots the frequency (mode) of specific, logical address references for a single task over a pe

riod of time. The resuIts are not too surprising: the references tend to cluster, a phenomenon described as 

the principle of locality. Since programs often execute in loops or recurrently referenced procedures, and 

as instruction fetches are sequential in nature, the probability that a subsequent reference will be nearby in 

the logic address space is fairly high. While data references are not quite as orderly, they also tend to clus

ter because of frequent operations on data structures such as arrays, records and stacks. 
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Figure 1-2. Typical "Clustering" of Instructions and Data Address References 

1.5 Determining Cache Residency 
Cache is defined by a number of protocols and parameters which explains its many and varied im

plementations in today's systems, each having unique requirements. These requirements include depth, 

block or line size, coherency and protocols, and mapping method of look-Up, The latter impacts the struc

ture of cache and the implementation technology, as well as performance, warranting its discussion in this 

introduction. There are three fundamental methods of look-up: direct mapped, fully associative, and set 

associative. Another, less popular method called sector mapped, which was pioneered for the mM 360, 

uses a fully associative tag buffer mapping into large data blocks. 

1.5.1 Direct Mapped 

Direct mapped (Figure 1-3) cache uses an index as an address into two standard static random access 

memories (SRAMs). One stores the data/instructions and the other stores tags that correspond to the data 

buffer contents at the same address (index). The tag buffer data at that address is compared against the 

tag of the pending request. A successful comparison results in a hit, and a miss indicates the tag at that 

index differs. (The index represents the lower order address bits of the cache address while the tag repre

sents the higher order bits, as illustrated in Figure 1-3). 

The disadvantage with this scheme is that multiple code or data lines (a line is one or more words of 

data associated with a particular tag, also called a block) which map to the same index will exclude all but 

one line from being resident in cache at a given time. Potentially, this may lead to an alternating miss 

scenario similar to the problem of thrashing in paged virtual memory systems. The advantages of this 
scheme are that the implementation is simple and access to the data is fast, since the index addresses both 

the tag buffer and the data buffer simultaneously. 
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Figure 1-3. Mapping Methods: Direct Mapped 

Fully associative mapped caches, illustrated in Figure 1-4, solve the problem of index contention 

introduced by direct mapped caches by storing the entire address (sum of the tag and index) in a content 

addressable memory (CAM) which simultaneously compares the requested address against all entries. 

Therefore, a number of commonly referenced lines may be stored in cache up to the depth of the cache, 

and may be located anywhere in the mapped main memory without contention. 

One disadvantage of this scheme is that before the line entry from the cache data buffer may be ac

cessed, the determination of the hit and its location must first occur. Compared to direct mapped, this in

creases the overall cache access time by the access (hit determination) time of the tag buffer. Furthermore, 

because CAMs tend to be expensive, slow and small, they are more commonly used for 'Ii'anslation 

Lookaside Buffer (TLB) implementations and much less often used for cache tags. However, a more effec

tive scheme exists: set associative cache. 
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Figure 1-4. Mapping Methods: Fully Associative 

1,5.3 Set Associative 
A set associative cache (Figure 1-5) of N set elements (degree of associativity, or ways), permits N 

different line entries to map to the same index. As with direct mapped caches, set associative stores only 

the tag in a RAM and uses the index as the address for this tag buffer, By contrast, the index selects N dif

ferent ways which are simultaneously compared against the tag to determine if a hit occurred, and at 

which set element it occurred. Since the set size is manageably sman (2 to 4 elements), standard static 

RAM (SRAM) technology may be employed for both the tag and data buffer, thereby reducing cost, de

creasing look-up time, and supporting large caches. Its primary disadvantage is that the selection of the 

set element in the data buffer is stalled until the tag buffer look-up is performed. Fujitsu has helped solve 

this problem with the development of fast SRAMs specifically designed for data buffer implementations 

(see Section 4.2). 
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Figure 1-5. Mapping Methods: Set Associative 

The most popular and generally accepted cache implementation is set associative, since it can be 

made to meet performance goals (average access time, hit rate and hit detection time) while still maintain

ing reasonable cost. Furthermore, although studies have shown that hit rate increases with degree of 
associativity, Figure 1-6 suggests that the greatest improvement in hit rate occurs when changing from 

degree equals one to two or four. The set size on the independent axis of Figure 1-6 indicates the degree of 
associativity, which is two or more for set associative mapping, but more commonly two or four. A degree 

of one is the case of direct mapping, while degree of N is the case of the fully associative implementation 

where N is the depth of the tag buffer. 
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Fujitsu has implemented set associative mapping with the MB81C51. Therefore, it will be assumed 

that set associativity is being employed throughout our discussions, 

1.6 Cache Coherency 
Incoherency may result in bad side effects due to inconsistency between copies of the same data. Al

though it is not necessarily an error for cache and main memory to possess differing copies of the same 

line, if at any time the most current copy is not the one referenced or is mistakenly overwritten, then we 

have lost data integrity. There are primarily two situations in which coherency may be compromised if 

corrective or preventive policies are not imposed. 

1. The local processor causes cache and main memory copies, as well as any other copies in the sys
tem, to differ by writing to the local cache buffer. This problem of locally affecting incoherency 
can be resolved by updating. 

2. Another processor or an I/O device writes to main memory data that references a line cached 
somewhere else in the system. One method of avoiding this globally affecting incoherency is by 
bus monitoring. 

Although the goal of cache design is to enhance system performance, more specific goals that can be 

empirically measured are often used as guidelines for design. One goal is to minimize average cache cycle 

time and a second is to maximize available system bus bandwidth (use as little of it as possible). 

These interdependent yardsticks of cache performance, along with practical issues such as design 

complexity and cost, are responsible for the division in the two fundamental protocols of cache coherency: 
write-through and copyback (or write-back). Write-through schemes are simpler and inherently exhibit 

higher data integrity, while providing moderate performance. This makes them ideal for the high per

formance desktop and deskside workstations and business computers which require low cost blended 
with high performance. A variation known as buffered write-through is well suited for the very high per

formance desktop/deskside systems such as workstations, because it provides for optimal average cycle 

times. There are so many factors associated with and impacted by any given coherency protocol that Sec
tion 5.0 has been dedicated to this subject 
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1.7 The Concept of Virtual and Real Caches 
Virtual cache is one that is referenced by virtual addresses, while a real cache is one that accepts real 

addresses such as those addressing physical main memory. Therefore, in virtual memory systems using a 

real cache, a memory management unit (MMU) resides between the cache and the processor. A virtual 

cache, by contrast, does not translate the address unless main memory is to be referenced, (although the 

translation normally proceeds concurrent with the tag inquiry to minimize delay, should a miss occur). 

The placement of the MMU, determined by the use of a real or virtual cache, was shown in Figure I-I. 

Whether virtual or real caches are employed affects the coherency protocol as well as the address 

translation and the overall construction and operation of cache. Section 6.0 provides application recom
mendations which consider the effect of virtual or real cache on the design of the cache subsystem. 

1.8 Summary and Introduction 
The cache, as a high-speed local memory storing a subset of main memory, offers the advantages of 

zero wait state memory cycles at a cost that benefits from permitting DRAM primary memory to store the 

bulk of the data. As an added level of memory hierarchy, it isolates the processor from demands for the 

system bus and restricts system bus accesses to miss-induced replacements, I/O space accesses, non-cach

able data references and other general system bus routines. 

Having reviewed some of the basic cache concepts and terminology of cache, as well as the funda

mental theory and mapping mechanisms, we are now prepared to investigate the operation and function 

of the Intelligent Cache Tag RAM, followed by its system integration. 
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2. Supporting Operations Initiated by the Processor 
Certain general operations that the cache must perform are dependent upon processor-generated 

states and system bus-generated states. This section briefly addresses these operations, their detection and 

invocation. Set associativity is the assumed protocol unless otherwise indicated. Fujitsu's MB81C51 Cache 
Tag RAM is used to illustrate the buffer construction. For more information on this device, refer to Appen

dix 1. 

2.1 Responding to Processor Bus Actions 
The cache system must perform the following functions in interfacing the local processor: 

1. The cache system must be able to determine whether the current bus cycle initiated by the proces
sor is one in which cache should participate (a cache cycle). 

2. If the current bus cycle is a cache cycle, the cache system must respond appropriately to the re
quest by either executing a cache cycle or suspending the processor until the request can be satis
fied. 

3. In the case of a non-cache cycle (such as a graphics I/O port operation that is not cached), the 
cache system must become dormant or inhibited and must not provide contention when the proc
essor wishes to bypass the cache. 

4. The cache system must perform all necessary functions, requested by the processor and/or its 
co-processors that may access the local cache (read, write, cache flush, invalidate entry, disable 
cache). These functions may be performed with or without the processor's direct control, depend
ing on system requirements (whether software or hardware controlled functions are imple
mented). 

The state diagram in Figure 2-1 describes a generic controller that can perform such operations. 

These operations, such as selective invalidation, may not always be initiated by the processor, but the ex

ample should provide an understanding of the initiation of operations and their function. 
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2.2 Performing a Cache Cycle 
Cache, because of its performance requirements and complex timing considerations, is tightly cou

pled with the processor in use. Therefore, this section will discuss how processor and cache signals are 

coordinated to perform read and write functions. 

2.2.1 The Sequence of Performing a cache Cycle 
During processor data/instruction cycles, the processor initiates the cycle by driving address and 

control signals (READ/WRITE, FUNCTION CODES, MEMORY /1/0 indicator) and an ADDRESS 

STROBE, CLOCK and/or other qualifying signals to sample the CONTROL and ADDRESS lines. At this 

time, the cache must quickly determine whether the current bus cycle is one it should participate in, or 
whether it should back off. 

H the access is to cache, then the cache controller enables the processor address to the index and tag 

inputs of the tag buffer while also driving the index, block address and byte select signals to the cache 

data buffer. As the tag buffer is performing an interrogation to determine reSidency of the requested entry, 

the data buffer is being addressed by the index, block and byte addresses. 

2.2.2 Executing the cache Cycle on a HH 
When the tag buffer indicates a hit has occurred by asserting HIT' the HIT/REP (set element selec

tion) is used to select data that corresponds to the set element forcing the tag hit. Depending on the timing 

requirements of the processor, an ACKNOWLEDGE signal (which will generically be called ACK) is usu

ally generated from the HIT' at this time. Once the data is selected from the ~ta buffer, it is set up on the 

processor's data bus with sufficient set-up time to be clocked by the edge terminating the bus cycle. 

In the read cycle, the timing of the ACK to the processor and the data from the cache data buffer are 

the most critical. An example of cache timing in a 68020 environment is depicted in Figure 2-3 using the 

synchronous timing mode of the 68020. Since set associative caches do not generate set element selection 

information until the time a hit is determined, the data buffer enable time is quite important. Section 4.2 

deals with alternatives in the construction of the data buffer to minimize this delay. 

In the case of a processor memory write cycle, the tag buffer is also interrogated but, when HIT' is 

asserted, the data buffer (already enabled for a write) is written to as the HIT/REP signals select the set 

element. H a write-through coherency scheme is empioyed, then main memory is written to concurrently 

with the cache write. 
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2.2.3 cache Hit Sequence (SICSI to 68020) 

An example of interface timing is shown in Figure 2-2, which illustrates the important timing rela

tionships in interfacing Fujitsu's BICSI to a processor such'as the 68020. The address, which appears after 

1& drives the cache buffer directly, saving the delay of waiting till AS' appears tn later (though there is no 

reason the address could not be registered by the qualifying AS and CLK'). The HIT' and HIT/REPLACE 

information appear tAH later and generate the acknowledge (DSACK') and data buffer enable signals, as 

well as others. tELQV, the chip select access time is, at this point, the only major component of delay re
maining before data is retrieved and set up on the processor t27 in advance of the falling edge of the S4 

CLK. The inequality shown at the bottom of Figure 2-2 represents the requirement to meet zero wait-state 

cache operation, given the described configuration and timing. 

2.2.4 Executing the cache Cycle on a Miss 

When a cache read cycle results in a miss, the requested data must be retrieved from main memory 
and written to the cache and the processor. A slot, or new line, must be allocated in the tag and data buff

ers to accommodate the missing tag and line. The determination of this slot is performed by the cache tag 

buffer or cache controller using an algorithm in hardware. To retrieve the data, cache requests access to 

main memory and fetches the line containing the missing data. The tag is then (or often concurrently) 

written to the tag buffer to validate the cache line. The fetched line is then written to the data buffer and 
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the requested word is set up on the processor. The ACK, which has remained deasserted up to this point, 

is now asserted, thereby terminating the bus cycle. 

In the case of a write cycle that misses, precisely the same sequence occurs, including the fetch of the 

line from main memory (unless the block size equals one). Since a write operation is of one word, the oth

er words in the block are unaffected; they must be copied into the data buffer and then the write may be 

performed on the affected line entry. For a higher performance, there are existing variations that involve 

registering the data to be written and updating the data buffer after the processor's bus cycle has been 

terminated. 

2.3 Selecting the Optimal Replacement Way: the LRU Algorithm 
H/R# is a signal that determines whether the tag inquiry references a replacement or searches for a 

hit. When a miss occurs, the H/R# input is cleared (LOW) in order to select replacement data for two pur

poses. The first purpose is to select the set element to be written into the data buffer (using the external 

HIT/REP outputs) and the second purpose is to enable the way in the tag buffer to overwrite (using the 

internal HIT/REP signals). The H/R# signal selects a 2:1 mux which passes either the hit information 

about the individual way's hit, or the replacement data which is driven by the least recently used (LRU) 

logic. This LRU logic maps data from the LRU table into enable signals that indicate which set element at 

that index is the "oldesf' and thus prime for replacement. The inverse of this logic function also updates 

this table when read, write, and selective invalidation operations are executed, as shown earlier in Figure 

2-1. There are three updates that are performed on the LRU table: initialization, forward update, and in

verse update; a more detailed discussion of these updates follows. 

2.3.1InHlallzlng the LRU 

When the tag RAM is initialized by asserting the PURGE' signal, the validity bits for each entry (and 

all set elements) are reset to indicate cache is empty; thereby making all set elements invalid. At the same 

time, the LRU table is reset to a known, defined state shown in Figure 2-3. 
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2.3.2 Forward Updating of the LRU Table 

New 
LRU 
Data 

When an inquire mode read cycle occurs (SET' kept high during the read), it has no effect on the LRU 

table: nothing ages, nothing regresses. However, an update mode read operation in which a hit occurs or a 

write operation, both modify the table to reflect that the referenced element in the set is the most recently 

referenced. As an example, assume the LRU table has been initialized as shown in Figure 2-3. The proces

sor initiates a cycle and the tag buffer is interrogated at index OOlH. The tag on TDO .. TDl9 matches that of 

set element #2, indicating a hit that, as SET' is asserted, modifies the LRU state to reflect that #2 is the 

youngest, or most recently used. This is illustrated in Figure 2-4. 

10-51 



Cachs Tag RAM Design Information FuHtsu Microelectronics. Inc. 

- -
1 ~ or2 ________________ --, / 
1 D 1 Tag Buffer LRU Table 
o E 3 Current 

o~ ~ x~ --. .. ~r---'1i...:ag"----....,-vrvTP ..... 
• 1-___ --'-1 ........ 1.1 ........... -~ ..... 210 113 ...... ~ .... -t 11001111000011110000 I I' r- _ ..... ~ 

LRU Table 

Previous 

NEW OLD 

Set 
ElementlD 

1 D ~ 
1 R _ NEW OLD "-----' 
o E .-.. 
o s .......-o s ~ 
o 

- -
r-

T 
Replace 
Info 

Set 
ElementlD 

o A ~ , 

g ~; \III--.~ Comparator LRU 

~ ~'r--I~:"--.I~ Logic HIT Info • -
Figure 2-4. Forward Updating the LRU 

2.3.3 Inverse Updating of the LRU Table 

New 
LRU 
Data 

Selective invalidation clears the validity bits of the set element selected by either explicit invalidation 

(selecting the set element from signal pins, such as the SBO/SBI signals of the MB81C51) or implicit invali

dation (performing a tag comparison to determine the set element, then incuding it). Since the element 

that is invalidated is the preferred one to replace, the invalidation cycle modifies the LRU table so that the 

invalid element is now the oldest. Since this ages the element and has an effect that is the complement of 

the forward update, it is termed an inverse update, because the update algorithm is essentially applied in 

reverse. 

Using the existing example (after the forward update), let's say that we implicitly invalidate a tag 

that hits element #2 of index = OOlH. The element hit is inversely updated and the LRU table is modified 

at the assertion of SET' to the state indicated by Figure 2-5. 
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3. Constructing the Cache Tag Buffer 
This section will discuss the hardware configuration based on the specification of parameters such as 

set size, depth, and tag size, 

3.1· Choosing the Index and Tag Size 
The size of cache is defined in terms of its depth (D), block size (B) and degree of associativity (W) in 

the following way: 

E.,3.1 
cachesize=D* B* W 

Since the index is used to address the cache in depth, the size of the index address field should be (in 

bits): 

E.,3.2 
indexsize= LO~(D) 

As an example, if we have a two-way cache with a block size of 4 words, an IS-bit tag, (2-bit byte se
lect) and a lO-bit index, we then have a cache bufferthatis2 * 4* 2 * 210) = 8K32-bitwords, with a tag 

buffer depth of 21< tags. This 321< byte cache can be implemented with a single SICS1. 

3.2. Effect of the MMU on Hit Access Time 
For systems that use virtual memory, the address consists of two fields,·a page number and an offset, 

The page number is virtual and must be translated into a page frame number that maps to main memory, 

and the offset is real or not translated. In the TLB translation, the page number field incurs a delay relative 

to the offset. This delay does not occur when the MMU is on board the processor and the entire address 

becomes valid simultaneously. 

Set associative tag buffers generally provide a faster hit access time from tag transition than from the 

index. If the index, lower order bits and page offset share the same bit field of the address, as shown in 

Figure A-I-9, then the TLB translation delay can be effectively reduced by up to (tAR-TTH), the difference 

in the index and tag access times. Therefore, the worst case hit access time, including the MMU delay, is 

defined as: 

Eq3.3 

if fMMu > (tAR - fTH) 

then tmr = tAR + (fMMu - (tAR -fTH» 

Eq3A 

if fMMu ~ (tAR - fTH) 

then tmr = tAR 

where fMMu is the delay (translate) time of the MMU, and tAR and fTH are the index address to hit and the 

tag field to hit times, respectively). 
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However, if any part of the page number maps into the index field, then that part of the index field 

must propagate through the MMU. In the event of such a propagation, the worst case cache access time 

becomes: 

Eq3.5 
fmT=tAH+~U 

Thus, in real cache implementations where a MMU skews the higher order address bits, optimal hit 

access time occurs when the page offset is at least the size of the index field plus the byte and line address 

(all in bits per address field). 

Eq3,6 

3.3 Configuring the Tag Buffer Given the Tag Size 
As discussed in Appendix A-l, the address is comprised of a tag field, an index field, and a block 

and byte select field. Thus there is a proportionality between the field sizes and the address width (see 

Figure 3--1). For a given address width, say 32 bits, increasing the cache tag buffer size results in reducing 

the tag size, because the index field increases while the address size remains fixed. For these reasons, a tag 

size of 20 bits is, typically, more than adequate. However, cases may arise in which larger tags are needed. 

One case that may be an example is the new RISC processors which drive the virtual address space field 

with a page number and offset to be translated. If the cache is virtual, it may well see an unusually large 

address which requires a larger tag. Fujitsu's MB81C51, for example, supports a 2(}'bit tag field. If larger 

tags should be necessary, they should pose no particular hardship on the MB81C51, as the following ap-

plication information will show. 

Cache TAG I INDEX I BLOCK I BYTE 
Address! 
Data 

Processor m (n+1) n 43 21 0 
Address 

Virtual •• Page Size -,- Page Offset • I 
Memory I 

Figure 3-1. Address Bus Fields 

By applying all inputs to multiple tag RAMs in common, with the exception of the unique tag fields, 

the width of the tag buffer and, consequently, the tag size can be enlarged. Figure 3--2 provides an exam

ple of a circuit that supports a 4(}'bit tag and a cache size of 2K lines configured as two-way. Notice that 

the outputs must now be gated and the timing sequence will change, since the LRU update on the read 

cycle (and the implicit selective invalidation) now require a hit to occur in both tag RAMs in parallel be
fore the entire buffer is considered to be "hit." The operation of this circuit is described as follows. 
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Figure 3-2. Implementation Example for Wide Tags (>20 Bits) 

3.3.1 HIT Detection on the Read Operation 

Index, decoded tag (split fields as shown) and other inputs, except SET', are applied in the same way 

as in the single width case. The individual HIT' lines are ORed to produce the global cache hit signal 

(GHIT') and used in the same manner as HIT' to generate system control signals. Notice that the gating of 

HIT' is such that all devices in parallel must assert their respective outputs to assert a system HIT'. This is 

necessary since all parts of the tag field must match in order to have a complete match. This is different 

from the method described in Appendix A-l.l0 (stacking devices in depth) in which a hit in anyone de

vice indicates a complete cache hit. 

3.3.2 Updating the LRU 
The LRU table should only be updated when both RAMs, in parallel, are hit (GHIT' asserted). Since 

SET' updates the LRU, its assertion can be delayed until the global hit is detected. The effect of this ap

proach is to increase the hold times of the tag, index and the other input signals. 

Furthermore, selective invalidation that depends on a hit for execution (implicit invalidation) must 

wait for GHIT' to assert SET'. H the invalidation is initiated but SET' is never asserted (as the result of one 

or more of the tag fields not matching), then no invalidation will occur. 

The purge and write operations can be performed in the same manner as in the single width case; 

therefore, the WRITE' and PURGE' signals can be tied common, as can INVL' and all inputs except the tag 

data. 
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Since the LRU table of all devices in parallel is modified in unison, the tables will be identical. There

fore, the HIT/REP outputs of either device can select the data buffer set element. In fact, the duplication in 

the LRU buffers could be utilized in fault tolerant systems with the aid of hardware comparison circuitry. 

3.4 Relating the Index and Tag to Main Memory Mapping 
Index and tag field sizes relate to main memory because they create a type of partitioning of main 

memory (similar to the way that paging partitions memory into frames). Figure 3-3 illustrates how the 
choice of index and tag size affects this segmentation. These field sizes, combined with the way in which 
data and instructions are stored in main memory, influence the hit rate and establish that there is an im

portant relationship between the compiler, the operating system and the hardware architecture; i.e., the 
combination gains an optimal performance. Therefore, this can be a helpful model not only for hardware 

engineers, but compiler, linker and loader writers as well. Furthermore, this model is quite useful for the 

designer when defining fixed function memory segments (I/O space, frame buffers or other buffers) and 

fixed shared memory spaces. 

(n + 1) n o 
Tag Index 

======N 

FIgure 3-3. Effect of Tag and Index FIelds on MaIn Memory Panltlons 

Using this model, a vertical line drawn down through all the sectors represents the largest set of tags 

that can have the same index. If, during program execution, the "working set" of main memory pages 

happens to include data or instructions having the same index, then some cache entries may be replaced 
by other data (if the number having the same index exceeds the set size of the cache). This is demon

strated.in the model in Figure 3-3 by observing that the constant index line (vertical) "cuts" more ad

dresses in the working set than the degree of associativity of the cache. Therefore, the choice of the tag and 

index size, as well as the degree of associativity, are all interdependent with software and quite important 

in guaranteeing a successful cache implementation and utilization. 
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4. Construction of the Cache Data Buffer 

Up to this point, the focus has been on the implementation and characteristics of the tag buffer. Once 

a hit or miss has occurred, upon interrogating the tag buffer, the next action usually involves reading from 

or writing to the data buffer. This coordination requires a close coupling of the two buffers, an important 
consideration in the construction of the tag and data buffers. 

4.1 Interface Between the Data and Tag Buffers 
The tag buffer stores addresses which correspond to data contained within the cache data buffer. 

Therefore, it is the data buffer, comprised of SRAMs (such as Fujitsu's MB81C69A, MB81C78A, or 

MB81C79A) or special purpose data buffer device (such as the MB81C79B), which stores the actual in

structions and data. 

For example, in order to select a data entry, an index address, a set element (generated by the tag 
buffer) and a block, address and byte enables are used to define where the referenced data resides. The 

index applied to the tag buffer simultaneously addresses the data buffer. While the tag comparison in a 

read cycle is being performed, the known addresses are used to access the data buffer (a read cycle will be 

used throughout this section as an example). The known addresses are the index, block, and byte enable 

signals. However, since the HIT information is not generated until the HIT access time after address tran

sition, tAH becomes a gating factor in retrieving data from the buffer when it is present in cache. The fol

lowing schemes of constructing buffers attempt to minimize this delay. 

4.2 Fast Selection of the Proper Set Element (Way) 
The time to select the set element after hit determination is critical enough to warrant a discussion of 

tradeoffs in speed, convenience, memory size granularity, and implicitly, cost. The following are three fun

damental approaches to data buffer design that consider the set element selection delay. 

4.2.1 Element Selection: Chip Select or Output Enable 

Figure 4-1 depicts a scheme in which the outputs of all set elements for all common data bits are 

wire-ORed and depend on the output enable signals (G') or chip selects (E') to select the particular ele

ment using the HIT select outputs of the tag buffer. Each HIT drives a group of chip selects that select the 

set element; then each group is further qualified by the byte enables. This method selects the element in a 

time constrained by the chip select access time. CMOS SRAMs such as Fujitsu's MB81C69A, with chip se

lect access time faster than address access times, are ideal for this implementation. 
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2. ESE is used to select individual devices within a way to select a byte, word or longword. 

Figure 4-1. Cache Data Buffer Set Element Selection by Decoded Enables 

4.2.2 Element Selection: Encoded Address Inputs 

If the HIT/REP signals are encoded, they may be used to directly drive address inputs of the data 

buffer RAMs, provided the last address access time of the RAMs is sufficient to guarantee data selection 

time (see Figure 4-2). (See Figure 4-2). This would also permit finer granularity of the memory devices 

used for cache memory since four ways (or two) would be combined into one memory device, reducing 
the depth by that same factor. 

2] 
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Figure 4-2. Cache Data Buffer Set Element Selection by Encoded Address 

This approach may be useful in systems which can afford the address access time in addition to the 

HIT access time, need finer granularity of the cache memory depth or utilize innovative "nibble access" 
SRAMs by Fujitsu, 

4.2.3 Element Selection: Application Specific Devices 
Fujitsu's MB81C79B is an example of a memory designed especially for cache implementations 

(though it suits other implementations). It supports a wide word width (9 bits), fast column address for 
fast addressing of line elements at a faster access than the remaining address bits. FUjitsu will continue to 

develop devices architecturally suited for specific cache implementation. 

4.3 The Implementation of Split Caches 
In systems based on the Harvard architecture in which data and instruction buses are disjointed and 

simultaneous fetches can occur on both, dual caches exist to support the buses independently. The same is 

true of modem Von Neumann processors that possess multiple bus paths and caches for data and instruc-
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tions, such as the Motorola 68030 or the Intergraph OipperTM. These are examples of split caches that dis

criminate by data type (data or instruction). Split caches may also separate user from supervisor space, or 

a four-way split cache may distinguish both types of characteristics. 

4.3.1 Data/Instruction caches 

Many general studies have failed to show conclusively that split instruction/data caches in Von 

Neumann machines are necessarily better than combined caches [Alexander, '86]. However, studies have 

shown that instruction references are more localized over time averaging than are their data counterparts. 

The discussion of this phenomenon will not be addressed here. but the references at the conclusion of this 

Applications Handbook offer additional sources. The construction of split caches and consideration of 

their performance merits follows. 

As Section 5 will describe, the control of modifiable data is complex and ties up the cache with addi

tional overhead. By splitting the caches, the control of the instruction cache (assuming code cannot be 

modified) becomes much simpler since instructions will not be locally modified, thereby reducing the op

portunities for incoherency and simplifying the cache control logic. Additionally, the reduced logic over

head may provide for faster instruction fetch times, particularity important for RISC architectures em

ploying single-qrcle instruction execution. Furthermore, with proper bus isolation, it is possible for the 

processor to access the instruction cache while the "bus monitor accesses the data cache. The very sequen
tial nature of the instruction addressed could also be used to the best advantage. Certainly if the processor 

is Harvard-based, the split caches would be the natural implementation choice. Obviously, there are many 

advantages of split caches when one looks beyond the single issue of hit rate to other issues such as those 

discussed above. 

The implementation of split caches is not difficult and can be transparent to software. Unlike main 

memory, cache is demand fetched at the time of processor fetch. During a bus cycle, most processors sig

nal whether data or instruction, or user or supervisor data is being referenced. These signals control 

which of the split caches is to be selected. When designing these caches, the arbiter/controller that coordi

nates processor and system accesses must carefully arbitrate the caches and ensure no bus contention oc

curs. This is aided by the use of bus isolation to provide separate bus paths for the caches to the system, 

and perhaps registers to isolate the cache from the local processor. 

4.3.2 UserlSupervlsor caches 
Split caches separating the user and supervisor spaces can be implemented to provide elegant solu

tions to coherency control. In virtual memory systems requiring cache to be flushed on context switches, a 

simple solution is to flush the entire cache. However, since this approach invalidates valid entries as well, 

it is not optimal. By separating user and supervisor code, the user space may be flushed independently, 

leaving the supervisor space intact. This is advantageous since the supervisor space often maintains the 

same virtual space (perhaps even a real space) and therefore need not be flushed. 
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5. Implementation of Coherency Protocols 
There is a plethora of protocol and implementation alternatives for coherency control falling into two 

basic categories. The two catagories are write-through (or immediate) and copyback (or delayed update, 

also called write-back). Both are implemented by hardware and, perhaps, assisted by software. This sec
tion will begin by briefly discussing the coherency protocols. 

5.1 Write-through Cache Schemes 
The write-through protocol dictates that every cache write operation should also be directed to main 

memory. This permits all cache modifications to be visible to any unit interfacing to the system bus and 
assures that main memory and cache copies are identical at all times. 

This method is simple and reliable, and intrinsically protects against coherency violations in cases 

where I/O or another processor may read from main memory. However, the issue of I/O or other proces

sor writes to main memory presents a problem which is resolved in Section 5.4 on bus monitoring mecha

nisms. 

The write-through update method guarantees coherency by ensuring that main memory copies are 

always consistent with cache copies, for all cached data. Furthermore, write-through is the Simplest to im

plement and requires the least hardware. There are two basic variations to write-through, depending on 

whether the write to main memory is immediate (straight write-through) or delayed (buffered write

through). 

5.1.1 Straight Write-through Updating 
A simple approach in securing cohJo!rency is to force the processor to wait while the data is written to 

the local cache and main memory. When the processor write is detected, the tag buffer is interrogated to 

determine residency while the write cycle to main memory commences. By delaying the acknowledge

ment to the local processor, the controller may acquire the system bus and write data to the main memory 

and local cache (often done concurrently). 

In the case that the written data is not cached, there is no performance penalty in directing the write 

to main memory, since the entire block must be retrieved in any case. A technique motivated by this fact is 

one in which cache slots are not allocated on cache write misses, only hits. Although interrogation is still 

required, additional slots are freed for read-only and read-first, read/write entries. Furthermore, if a slot 

is allocated for a missing entry, the entire block must be copied into cache from main memory after the 

write data has been written to the system bus. Therefore, in the case of straight write-through, avoiding 

allocation reduces the write time by an amount equal to the main memory block transfer time. 

5.1.2 Buffered Write-through Updating 
The two drawbacks associated with the write-through scheme are 1) a long cache write cycle time 

and 2) high system bus bandwidth consumption. Buffered write-through reduces the write cycle time to 

that of the read cycle by releasing the processor from having to wait until the main memory write cycle is 

complete. Figure 5-1 illustrates a block diagram of a buffered write-through system at the heart of which 

is a buffer and controller that stores the written data and its associated address for subsequent transfer to 

main memory. With written data in the buffer, the controller then accesses the system bus and updates 
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main memory. Should the processor perform a subsequent write while the previous one is pending, it is 

also buffered. This may continue until the buffer's capacity is exhausted. 

Memory 

Management 

Physical 
Address 

L-______ r---~----,Addre" 
Write-through 

Buller/Bus 
Control 

FIgure 5-1. Buffered Write-through System 

Main 
Memory 

Though implementing a buffer and controller for buffered write-through may appear complex, it can 

be as simple as using a register for both the data and corresponding address. The write data is then regis

tered, the processor freed to continued and the data transferred to main memory by cycle stealing. If a 

subsequent write happens to appear before the latent write data is transferred to main memory, the proc

essor is then halted. Alternatively, the buffer may be extended in depth. If the maximum time to transfer a 

write is less than the minimum time between successive writes by the processor, the buffer will never 

force the processor to wait. More realistically, however, is a probable determination of average cycle time; 

an issue discussed in Section 5.3 regarding quantitative analysis of the coherency schemes. 

The function of the buffered bus monitor is depicted in the state diagram in Figure 5-2. Several vari

ations of the scheme are possible, depending on the protocol choices made by the designer. For example, if 

cache slots are allocated on cache misses during writes, a block transfer after the main memory write is 

required. A more detailed discussion of buffered write-through is presented in Section 5.5. 
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Figure 5-2. State Diagram of a Buffered Write-through Bus MonRor 

5.2 Copyback Schemes 
While buffered write-through shows great promise by supporting fast cache write cycle times, it still 

degrades available system bandwidth since every write must eventually reach main memory, Conse

quently, parallel processing systems may be inclined to employ copyback schemes, which reduce 

bandwidth requirements by updating the store only when necessary, 
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Although popular in mainframe computers, copyback schemes are complex to implement, requiring 

more overhead logic and more complicated analysis to ensure coherency reliability when compared to 

write-through or buffered write-through systems. Furthermore, although bus bandwidth is gained with 
the use of copyback, many high performance desktop computers, including high-end workstations, utilize 

the more economical write-through or buffered write-through approaches. While the bandwidth issue has 
often driven designers of multiprocessor implementations to copyback schemes, write-through and its 

variations find their way into many highly parallel systems, even those with up to 32 processors. For this 

reason, Fujitsu has designed the MB81C51 to be used in write-through and buffered write-through sys
tems which demand fairly large, high-speed caches. This section, therefore, is provided for the interested 

designer as an introduction to copyback and its various implementations. 

5.2.1 Approaches to Copyback 
There are a vast number of approaches to copyback which vary in control (distributed versus central

ized), allocation of data, monitoring other requests for data, etc. Examples are write-once, the Goodman 

public/private cache, and the snoopy cache by Rudolph and Segall. Generally, copyback schemes require 
additional descriptors which are associated with each line and indicate the privilege Gevel of local access) 

and update condition of the line. These descriptors are managed and kept in the local caches (or main 

memory if centralized control is employed). Although varied, most of the methods have some com

monality in their access permission and update approach; these are: 

1. Requests for data to be cached are directed to main memory (as with typical misses). 

2. Read or Write (or eqUivalently public or owner) privileges to the data are assigned to the re
quested line. The privileges are often implemented as another field along with the tag. 

3. Other caches holding the same line may have to change the rights of the local line to be consistent 
with the granted rights. 

4. Any dirty lines (containing data that has been modified in cache but not in main memory) in 
cache must be updated before a new copy is granted. This may involve suspending the current 
system request and updating main memory. 

Even with copyback implementations, there are still several occasions when main memory access is 

required, but the frequency of these accesses is generally much less than exhibited by write-through 
sChemes where typically 18 percent to 33 percent of the total number of memory accesses are writes and, 

consequentiy, must go to main memory. Rise processors, however, tend to have different requirements 

that may make copyback somewhat less advantageous than write-through. Due to the large register files 
that have defined Rise machines, many writes never go to the external bus. In fact, the Fujitsu Rise pro

cessor 5PARC'"" typically accesses the external bus only about 5 percent of the time when compared to the 
frequency of instruction and data fetches. This reduces the penalty for writes and makes write-through 

systems nearly equal in bandwidth performance with copyback. Conditions that may force a main mem

ory access when copyback is employed are: 

1. Cache miss on read requires reading a line from memory (perhaps assigning read-only, or public 
access privileges to the cached line). 

2. Cache miss on a write means a line may be provided to the local cache under read/write privi
leges (meaning exclusive or private ownership). 

3. A cached line has write privileges and a main memory request is made for the same line. In some 
schemes the line is always written to main memory and either invalidated locally (if the request is 
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for a write) or local rights are reduced to read-<mly (if the successor received read-only privi
leges). A more efficient scheme is to update main memory only if the local copy is dirty, though 
this requires tracking a dirty bit 

4. When context switches in a virtual cache scheme, it is usually necessary to flush out entries in the 
virtual space of the swapped task. This may require writing dirty data out to main memory. 

This is a function that the MB81C51 cannot directly support, since the tag, once written, cannot be 
read back out, only compared against another tag. However, future Fujitsu tag RAMs should pro
vide expanded functionality to support these and other operations. 

Notice that I/O may operate given the above protocol, but without holding its own privileges, since 

all caches will be monitoring the system bus with I/O operates. 

5.2.2 Centralized versus Distributed Control In Copyback cache 
If centralized control is implemented, then main memory must store the access level bits of each line 

and coordinate the assignment of the lines. Additionally, in some way, local caches must be capable of re

sponding to update cached lines to main memory, as well as invalidating them as necessary. There are two 

drawbacks to centralized copyback control. First, a centralized controller can not determine consistency 

(dirty data), since local accesses to the data are hidden from the system bus and, therefore, main memory 

must always be updated when read/write privileges are reduced. Second, the local cache must still man

age the privilege level and, in particular, enforce the read-only level by intercepting the writes to these 

restricted lines and treat them as misses. 

Distributed systems require a bus monitor, similar to that used for write~through systems, with the 

exception that it must detect system bus reads as well as writes. Distributed copyback must also be capa

ble of enforcing read-only protection. 

5.3 Evaluation of Performance Efficiency 
Having determined the optimal coherency protocol to employ, the designer must consider cost, reli

ability, ease of design, and of course, performance. In this section, two performance measures will be 

evaluated for each of the coherency protocols previously discussed. These are average cycle time and bus 

bandwidth utilization. 

5.3.1 Evaluation of Straight Write-through Systems 
When all cache writes are being directed to main memory, the cache write cycle time becomes con

strained by the average main memory write cycle time, which includes arbitration time to acquire the sys

tem bus. Furthermore, since an entire line must be transferred into cache from main memory, the block 

transfer time is critical to the overall average cycle time of a system, regardless of the update protocol em

ployed. Assuming that Ii, the average cache hit rate for both reads and writes, has been reasonably deter

mined, the average memory cycle time can be represented as the following equation (assuming zero wait 
state operation): 

Eq5.1a 
twvcr = H .. [tRC .. (1- W) + fMwc .. WJ (1- H) .. [(1- W) .. fBT (L) + W .. (fBT(L) + fMwc)} 

= H .. [lRC" (1-W)+lMwc* W] + (I-H) .. [taT<L) + W *lMwc1 
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where a fraction W of the memory cycles are writes and incur a main memory write cycle time of tMWC, 

which reflects the system bus arbitration time. tBT is the time to transfer a block of size L, which includes 
the time to acquire the system bus and transfer an entire line in burst fashion. tRC is the cache read cycle 

time. The (1 - H) term is fairly complex, since in the case of a write miss, it must include tMWC and mayor 

may not include the block transfer time, depending on the chosen protocol. This operation is more fully 
described in Section 5.6. Equation S.la assumes the transfer takes place on write misses. 

Since write-through may consume much of the available main memory bandwidth, it is important 

that the utilization be quantified so that system behavior can be properly modelled. Using the same nota

tion as equation S.la, and representing the average available main memory bandwidth by FSB (in words/ 
sec, assuming main memory and the processor bus are of the same size), the average main memory bus 

utilization can be approximated by: 

Eq5.1b 
UBW = FpU/FSB 

~ 1/[FsB .. [FB .. H .. [tRC .. (1 - W) + tMWC .. WI + (1 - H) .. [tar(L) + W .. tMWCJJJ 

where Fpu is the average system bus frequency of utilization by the local processor. FB, which is the local 

processor's average memory cycle frequency (accesses per second), can be calculated by averaging the 
total number of reads and writes over time (regardless of whether or not they are cache resident, an issue 

considered by the average hit rate). 

The calculation of FSB for use in equation S.lb is important and should include burst transfer modes 
for DMA and cache line transfers, if the system supports such a function. This utilization estimate, being 

simply an average, may not anticipate the most catastrophic scenarios in which the bus is most heavily 

utilized. Modelling buses more completely is covered by texts on computer architecture, and typically in
volves modelling the bus by applying queuing theory and assuming that bus cycles are sufficiently repre

sented by a Poisson or other distribution. This approach is used in Section 5.5.3 to determine FIFO size for 

buffered write-through systems. 

5.3.2 Evaluation of Buffered Write-through Systems 
Buffered write-through will reduce the average memory cycle time by reducing the cache write cycle 

time to that (or nearly that) of the cache read cycle (i.e., twc -> tRC). Therefore, the average memory cycle 
time is now (again assuming zero wait state operation): 

Eq5.2a 
fMCBWT(1) = H .. iRc + (1 - H) .. [(1 - W) .. fBT(L) + W .. tar(L) + fMwc)] 

By design, it is also possible to free the processor up in case of a write miss, as long as the time to 

transfer the remaining line elements is less than the average time to a subsequent read, since the processor 

must halt if the transfer is not complete by the time of the next read or write of that line. If this approach is 

taken, the average cycle time approaches: 

Eq5.2b 
tMCBWT(2) ~ H .. iRc + (1 - H) .. [(1 - W) .. tar(L)] 
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Note that equations 5,2a and 5.2b assume that the time to transfer a write to the buffer is no more 

than the cache read cycle time, 

Although the added buffer reduces the average memory cycle time, it does not reduce the number of 

main memory cycles. Therefore, assuming identical block transfer and write cycle times, as well as main 

memory frequency, the average bus utilization time is the same as for straight write-through. However, 
the distribution of writes, that is, the time at which specified writes occur in time, is not necessarily the 
same due to the buffer's effect. 

Due to the variety of methods, implementation dependency and sensitivity to program behavior, 

copyback performance criteria are difficult to determine and therefore, are not evaluated in this Applica

tion Handbook. In general the average cycle time for a copyback system lies somewhere between that of a 

straight and that of a buffered write-through, since there are times when the processor may be preempted 

in order for a line to be flushed from the local cache, and time is also required for handling read and write 
misses. However, bandwidth utilization can be reduced by an amount proportional to the frequency of 
write hits. 

5.4 Bus Monitors 
All of the protocols discussed so far, straight write-through, buffered write-through and copyback, 

require that the system bus be monitored to determine when the parent (in main memory) of a cached lo

cation is being modified or read in a situation (such as copyback) where data in the local cache may be 

dirty. The bus monitor, therefore, is a critical function, but because of all the possible coherency protocol 
variations, bus protocols and special data transfer modes, the best bus monitors are generally those that 

are customized for the entire system. Howeve~, the following are some considerations for design with the 
MB81C51 interfacing to a bus monitor in a write-through system; Section 5.5 provides additional detail for 

buffered write-through monitors. 

First, when interrogating the tag buffer in response to a main memory (system) bus cycle, do not per
form an updating interrogation, but rather an inquire, which is performed without asserting SET'. This 

prevents the LRU from being updated when the cache is not being accessed under normal operation. 

Second, interleaving the bus monitor and processor cycles may require a tag RAM that has nearly 

twice the bandwidth of the processor's bus in order to perform a processor-initiated interrogation and a 

system bus reference in the same cycle. It is, however, possible to interleave the contending system and 

processor tag accesses by comparing the system bus address with the processor's bus address to deter
mine if preemption is warranted. If interleaving is inadequate to the task, a technique may be employed 

that has been used in mainframe and minicomputers for some time, duplicate tag buffers. This technique 

requires a duplicate tag buffer for interrogation by the bus monitor, which is concerned only with resi
dency and not with replacement ways. Figure 5-3 illustrates the dual buffer scheme and its integration 

into the system. 
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This system updates cache, in case of main memory writes to cached dara, and uses a dual tag 
buffer which permits simultaneous access by the processor and system bus. This is convenient 
in systems where system bus utilization is high. 

If this was a copy-back system, a main memory read and dirty bit sensing would have to be 
incorporated, as well as more complex controiiogic, 

Figure 5-3. cached System with Dual Tag Buffers for Asynchronous Tag Inquire, Read and Write 

This shadow buffer is modified any time the primary buffer is updated, relative to the tag and valid
ity bits. Primary buffer operations that must also be perfonned by the shadow tag buffer are the follow

ing: replacement writes, purge cycles and selective invalidation cycles; reads are independent. There are 

two optional responses when it is determined that a main memory write references cached data, (1) invali

dation or (2) update of the data buffer. Invalidation requires that both the primary and shadow buffer be 
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selectively invalidated. If the update approach is taken, the corresponding local cache entry is updated, 

which could force the local processor to suspend a current bus cycle. 

Since the LRU tables are not consistent between the two buffers, the shadow LRU table is ordinarily 

not used for any purpose. Let us use the MB81C51 as an example. For shadow buffer operations initiated 
by the primary buffer (replacement writes and selective invalidation), SBLK of the shadow buffer is en

abled (high) and SBO /SBI of the shadow buffer is driven by HCO/HCl of the primary buffer so that only 

the appropriate set element is written or invalidated. When routing main memory operations to the 

shadow buffer, however, SBLK is disabled (low) and HCO/HCl of the shadow buffer drives SBO/SBI of 

the primary buffer. The SBLK of the primary buffer is generally the complement of the state of the shadow 
buffer's SBLK. 

The tags in both buffers must be consistent in their index location, set element position and state 
(valid or invalid) at all times to guarantee coherency. 

5.5 Constructing a Buffered Write-through Monitor 
In the previous section, the fundamental requirements and operation of a bus monitor were pre

sented, preparing the designer for implementation of such a circuit. Because of tight performance require

ments, and the fact that most systems with Standard Bus implementations utilize a broad variety of cache 

protocols, standard bus monitors and interfaces are rarely available to suit the application. This places the 

difficulties of implementation upon the designer. In this section, the considerations of constructing a buff
ered write-through monitor are presented in an attempt to simplify the design process. 

The write-through buffer relies on the system bus protocol for main memory interfacing and for sup
porting the local cache. Given the functions of the bus monitor, it is only natural that these two functions 
should be integrated, so that the buffered write-through monitor is made up of the following functional 
elements. 

Bus monitor 

Burst transfer 

Bus protocol controller 

Queue latency control 

Senses system bus writes and invalidates or updates cache 

1Tansfers a line from main to cache memory 

Arbitrates the system bus 

Senses system bus reads and compares buffered addresses 

Buffer management Supports FIFO reads, writes,and flag generation 

These functions are represented in the block diagram of Figure 5-4. Implementing the function of the 

queue latency controller and buffer manager will be topics of this section. 
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Figure 5-4. Buffered Write-Through 

Functions of the Buffer 

1, Operates as a FIFO to accept data and corresponding addresses from the processor after a proces
sor write. 

2, Transfers data in FIFO order to main memory by writing it to the address Specified by the corre
sponding address FIFO. 

3, Determines whether system bus access of main memory data is also latent in the FIFO by per
forming address comparison. For virtual caches, either the translated address may be buffered 
(since it must be translated at some point anyway) or only the real part of the address compared. 

4, Pre-empts the system bus access and updates main memory in the case of a system read of an ad
dress stored or latent in the FIFO. This requires a RAM approach to the FIFO buffer. 

5, When the system bus access is a write of data latent in the FIFO, the buffer decides whether the 
FIFO entry and the corresponding local cache entry are invalidated or the system bus operation is 
halted. In any case, two writes from different origins may be a condition to be prevented, not just 
resolved. 

Due to the integration of a number of related functions sharing the same signals, it is usually desir

able to implement the bus monitor circuit in a semi-custom VLSI such as gate array or standard cell. 
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Fujitsu's ASIC technology provides various levels of integration, a variety of packaging options, very 

high-speed CMOS and ECL technologies, and high drive, all necessary for bus monitors typically requir

ing 4K-8K logic gates, high I/O count and high output drive capability. 

5.5,1 Buffer Management 
When a write is performed, it must be buffered and transferred to main memory without holding up 

the processor or interrupting system bus activity. To do this, two small-depth, wide J::IFOs are used, one 

which buffers the written data and one which buffers the corresponding addresses. Addresses must be 

buffered because the processor is driving the address bus when the transfer to main memory occurs. In 

addition to the FIFOs, control logic is needed to accept the written data, request the system bus and trans

fer the data to main memory when access is gained. Since the FIFOs may be greater than one word in 

depth. the controller must be capable of perfonning a write and transfer simultaneously. Handling the 

condition of overflow (FIFO buffer full) is a critical operation involving suspending the processor, if a cur

rent write cycle is in operation, and transferring the contents (all or at least one word) of the FIFO to Main 

Memory. Avoidance of this issue by early transfer from the buffer prevents the processor from waiting, . 

but may require preemption of a current bus cycle if a long transfer such as DMA is in progress. It is the 

physical address that is usually buffered, since the address must then reference main memory, as shown 

in Figure 5-1; in which the MMU precedes the buffer. 

5.5.2 Queue Latency Controller 
There is a single anomaly making the design of the controller somewhat tedious. While a written 

word is being buffered, it is in limbo for a period of time equal to queue latency. Any read cycle of main 

memory referencing this location is in danger of reading bad data. Further, it is unreasonable to route sys

tem bus reads to the cache tag, since only the. buffer is aware of which addresses are dirty and latent. 

Therefore, the buffer must monitor system bus cycles, and detennine if they reference any of the buffered 

addresses - a type of mini-cache operation. However, it is not necessary to employ a CI'RAM, since the 

buffer depth is usually very short (1 to 4 words). As Figure 5-4 illustrates, the address comparison access 

can be implemented as long as all addresses in the buffer are available in parallel for simultaneous com

parison (which is the case if the FIFOs used to construct the buffer are built with registers). If a hit is de

tected from this comparison, then appropriate action must be taken. 

If a system bus read was in progress when the hit was detected, it must be preempted so that the up

date may take place. The update can either be of the single word only, all words up to and including the 

referenced word, or the entire buffer. Since buffers are usually short, it is often better to dump the entire 

buffer, although burst transfer cannot be used since the buffered data are randomly located. 

If the system bus cycle was a write, then several possibilities exist. However, the designer should first 

detennine the implication of near simultaneous writes. Is I/O simply overwriting old data which is no 

longer valid? Is another processor updating a shared semaphore, or a shared variable? In other words, 

should this situation be pennitted and if so, is the order of arrival of the writes significant? 

If the order is not important, the designer may opt to simply invalidate both the buffered entry and 

the local entry in cache (since the system bus write would otherwise create a discrepancy with the local 

cache). This requires a buffer that can selectively shift forward all entries below a given position, retaining 

all other entries at their current position. This will overwrite the lowest entry held static, thereby nullify

ing its ;Write operation and removing it. 
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However, if order of multiple writes is important, it is necessary to design a buffer that attempts to 

transfer all buffered entries at the earliest opportunity. Furthermore, it must always ensure that the last 
write initiated is reflected in main memory. And last, the bus monitor in conjunction with the latency con

troller must ensure that any other subsequent overwrite results in invalidation of the cached entry. 

5.5.3 Determining Optimal Buffer Depth 

The buffer, or more fundamentally the data and address FlFOs, can be as simple as a single register 
pair, or it can be 2, 4 or 8 entries deep. Its purpose is twofold; to store the data and address of a write in 

order to free the processor to continue, and to buffer one or more words until the data can be written to 

main memory. To determine the best depth for the FIFO, we will rely on a little queuing theory, but first, 

some definitions are necessary. 

As shown in Figure 5-5, the buffer can be modeled as a queue with an arrival time characteristic 

O..(t» dependent on the behavior of local processor writes and a service time characteristic (~(t» depend

ent on system bus activity and main memory. If A. is the average arrival period, and L is the average serv
ice period (wait time plus transfer time), the following relationships hold for steady state buffer behavior: 

L = 1/~, 111l = W 

Arrivals Departures 
A. (t) (Service) 

Il (t) 

Buffer 

Address 

II I ... ~. 
Main 

/oata 

Memory 
Processor System Bus 

Il(t) - Service Rate : Dependent on system bus activity 

Act) - Arrival Rate : Dependent on local processor write activity 

Il - Average Service Rate 

A. -Average Arrival Rate 

Figure 5-5. Model of Buffered Write-through 

The average utilized buffer length (L) is the product of the arrival rate and the waiting time (W). Note 

that this assumes that the average service time is less than the average arrival time (A. >~ ), otherwise the 
buffer would usually be overflowed. 

By considering the worst case conditions, the maximum queue length may be defined as: 

where lpre is the number of queued entries already waiting, which will be assumed zero. 
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If a protocol exists in which a bus request has a maximum waiting time before it is granted, this may 

be added to the main memory write cycle time and used for Wmar. As for~, the inverse of the mini
mum back-to-back write cycle time is a worst case for maximum arrival rate. For example, if 1000 ns is the 

maximum wait time and 200 ns is the main memory write cycle time with a minimum back-to-back proc
essor write cycle time of 250 ns, the necessary buffer is: 

4utt = (JOOQ + 200)ns - 4.8 entries 
250ns 

The buffer serves to provide a type of averaging, or cushioning, of bursts in system bus traffic and 

processor writes. Therefore, though under transient conditions transfers from the buffer may not keep up, 
as long as the steady state behavior is satisfied and long bursts are considered, the buffer should prevent 

the processor from waiting. The exception is the case where system bus utilization is 80 to 100 percent. In 
this case, special bus architectures such as multiple split buses may be necessary. 

5.6 Effect of Allocating Slots on Write Misses 
In certain cases, it has been proven more efficient not to replace a cache entry on a cache miss during 

a write operation. This design practice involves directing the write operation to main memory, but not 

allocating a slot or transferring the referenced line to cache. The effect is to save the time necessary to 

transfer the line into cache while avoiding the replacement of a line that may be referenced. On a write 

miss it is not a requirement to replace the line in cache, only to write the data supplied by the processor. 

There are three notable advantages of non-allocation on write misses which should be considered 

before determining whether to use this technique. The first is that more available slots are effectively 

freed, since a resident slot is saved for every write cycle forcing a miss. If LRU is used, then this number 
can be thought of as the number of write-first entries that exist, since a read-first entry is likely to already 

be resident in cache. This implies that a line which is first written, then read receives a lower priority than 

a line which is read;:>nly or a read-first read/write line. Verifying the validity of this approach relies on 

the evaluation of some fundamentally conditional probabilities; the probability of a subsequent read or 

write given a primary (first) write (PWR) and the probability of a subsequent read or write given a pri

mary read (trut). The latter may be more easily evaluated if thought to be the sum of the probability of a 
read;:>nly reference plus the probability of a read/write reference in which the first refererice is a read. 

Figure 5-6 is a Venn Diagram illustrating these probabilities, where the universe is all references by the 

local processor. If the PRR is greater than the PWR, then this approach may be reasonable. 
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The second advantage is the reduction of the write cycle time. Supposing that a miss on a write did 

force a replace, not only must the entry being written enter the cache, but the other members of the refer

enced line must also be copied to the cache. Non-allocation, therefore, removes the contribution of the 

block transfer time to the overall write cycle time. Equation 5.la can be evaluated for the effect of non-allo

cation on write misses, though in its original form, allocation of slots for write misses was assumed: 

Eq5.2 
tMCWf=H .. [iRc" (1- W) + fMcw" WI + (I-H) .. [(1- W) .. fBT(L) + W .. (fBT(L) + fMwc))I 

If, however, write misses go unreplaced, the average memory cycle time becomes: 

Eq5.3 
tMCWf(NA) = H .. [tRC .. (1 - W) + fMcw .. WI + (1 - H) .. [(l - W) .. fBT(L) + fMwc)I 

The fractional improvement becomes: 

Eq5,4 
IMP = -[fMCWf - fMcWfINA)I I fMCWf 

For example, if the hit rate (H) is 95 percent, the write:read mix (W) is 20 percent, the average time to 

transfer a block of 4 words is 720 ns (tBT(L), which includes bus acquisition time), and the average cycle 

time with allocation on write misses is 95 ns, the improvement is 7.2/95, reducing the average cycle time 

to 87.8 ns. Though not extraordinary, it is easily accomplished by a simple state sequence and with little 

increase in hardware. 

The last advantage of non-allocation to be discussed is system.bus bandwidth, an important issue in 

particular for write-through systems. Since only the single tnain memory write cycle is performed and not 

the block transfer, the system bus is tied up for a shorter period of time. However a degradation in per
fortnance tnay be suffered if the line is subsequently referenced on a read miss. The improvement in 
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bandwidth is, therefore, related to the percentage of write-first lines that are never read and to the line 

size. The bandwidth utilization for the replacement case can be approximated as (modifying equation 5.tb 
from Section 5.3,1): 

Eq55 
llBW(NA) = FpU(NA) / FSB 

= 1/ [FSB .. [H .. w .. fMwc + (1 - H) .. [(1 - W).. fsr(L) + W .. fMwcJJJ 

So with little, or no additional hardware, the non-allocation technique may be effectively employed 

to reduce average cache cycle time and reduce the utilized bandwidth. The above equations are intended 

to aid in the evaluation of this technique, given the characteristics of the designer's end-system. Though 

determination of some of the parameters used in the equations may be difficult, these equations should 

nevertheless provide a reasonable guideline. 
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6. Real and Virtual Cache 
Virtual cache, as discussed in Section 1.7, is one addressed by virtual addresses, while a real cache is 

preceded by some form of address translation such as an MMU, if virtual addressing is employed. With 

the rapid advancement of 32-bit microprocessors with clock periods of sOns, 40ns and faster, as well as the 
success of RISC processors that demand single-cycle instruction fetches, the turnaround time of the cache 

(its access) is critical. Therefore, it should not be surprising that virtual caches are gaining in popularity, 

even in the workstation arena. Our discussions thus far have been centered around real cache implemen
tations, which have the advantage of simpler and typically cheaper cache coordination. 

Implementations of virtual cache are quite varied, but all must address the following potential coher-

ency hazards: 

1. Real and virtual address correlation with regard to bus monitoring 

2. Address aliasing 

3. Virtual address space switches and other conditional addressing problems, 

The construction of cache typically varies with the way these issues are handled; therefore, they will 

be addressed one at a time. 

6.1 Virtual Cache Construction: Address Correlation 
Correlation refers to the correspondence between virtual addresses which access cache and their 

translated real addresses, which reference main memory. It is often necessary to determine if two ad

dresses, a virtual and its translated real address, are eqUivalent. For instance, in a common scenario, the 

system bus monitor may see real addresses referencing main memory and must determine which of these 
are resident in the local cache which is virtually addressed. To do this, the bus monitor may inverse trans

late the real address, perform a partial (real) field comparison or perform some .other technique of coordi

nating the addresses. 

A popular way of invalidating all cache lines that may be copies of a modified main memory location 

is to invalidate all of those that have matching page offsets. Since virtual addresses have a real field which 

is common, all real addresses in cache with matching offsets are purged. If the index is at least the size of 
the page offset, then this amounts to selectively invalidating (explicitly) all set elements at the index ad

dress contained in the page offset (see Figure 6-1). In the case of four set elements, this would require four 

clock cycles while counting through the individual set element select lines. Though this method purges 
W * B entries, where W is the degree of the cache and B is the block size, it does work effectively for 

moderately small blocks (1-8) and large caches. 
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Given that the cache degree of associativity is W and the Rne size is L. then Hushing by real offset comparison where the index 
plus line plus byte address (see above) is at least the size of the offset results in the deletion of W. L entries. If the exact rather 
than incomplete comparison is periormed. either 1 or 0 entries would have been invalidated. Therefore. the waste factor is 
W*Latmost. 

Figure 6-1. Virtual cache Address Field PartHlonlng 

6.2 Virtual Cache Construction: Address Aliasing 
Aliasing occurs when two different virtual addresses map onto a single real address, which presents 

problems in monitoring main memory addresses,and opens the possibility that local cache contains two 

copies of the same data. These duplicate addresses form pseudonyms (aliases) that may result in inconsis
tent data copies. This side-effect of virtual caches is applicable to both write-through and copyback 

schemes. For example, suppose that data is cached under virtual address #1 for a given process (Al. A 
task switch is performed in which the cache remains intact (i.e., not flushed). A successive task (B) re

quests the same line under a different virtual address, virtual address #2, and modifies it. H write-through 

is used, main memory will always be updated to the most recent state, but the local cache copies can be 

different. Therefore, if process A is restarted under the same virtual address space, it is not referencing the 
most recent copy of the data in the local cache, since that would reside at virtual address #2. Figures 6-2a, 

b, and c illustrate this and demonstrate the impact of index size and associativity on aliasing. 
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Figure 6-2a. Address Aliasing with Vlnual Cache 
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(Only virtual addresses at the same index may alias) 

Figure 6-2b. Avoidance of Address Aliasing through Address PanHlonlng 

Although it is possible to pennit aliasing and manage it, for the reasons discussed above, most sys

tems engineers building virtual caches design to prevent or avoid aliasing from occurring. Avoidance can 

be implemented by ensuring that no task running on a processor may leave valid (not invalidated) data 

from its virtual address space in cache when it is switched. This prevents the new data from being as-
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signed to a succeeding task's space. This requires that either 1) the entire cache is flushed on context 

switches, or 2) only entries associated with the blocked task's virtual space are flushed, Another tech

nique, shown in Figure 6-2c, prevents aliasing with use of a direct mapped cache having an index + line + 
byte select size not less than the page offset size. In this case, only one entry with a common real address 

field may reside in cache at the same time, mutually excluding possible pseudonyms. However, the conse

quence is that the less efficient direct mapping technique must be employed, perhaps nullifying the ad

vantage, though it does yield a simple implementation. 

WAY 0 

/ ~ Referenced Data 
Virtual Address #1 

Main Memory 

Direct caches avoid aliasing if the page ollset is greater than or equal to the INDEX + LINE + BYTE, but suller in performance 

Figure 6-2c. Avoiding Address Aliasing through Direct cache 

6.3 Conditional Selective Flushes 

Conditional flushing by virtual address space ID or page number may be useful in some systems to 

remedy the aliasing problem and may be controlled by hardware or software, depending on the system 

design. However, the 81C51 does not easily support such selective flushes since a given tag, or part of it, 

cannot be conditionally flushed. However, since the purpose of this flush is to flush all entries contained 

in the virtual address space of a blocked, or swapped task, there are several solutions when implementing 

the tag buffer. 

First, the entire cache could be indiscriminately flushed upon the detection of a context switch. Con

text switches can be detected in a variety of ways, such as sensing a transition from user to supervisor 

space. Alternatively, if the page tables are located in a fixed region of memory, a write to this area signals 

the probability of an address space change, indicating cache should be flushed. 

H the cache is large, flushing it entirely may reduce performance greatly. However, flushing only 

user mode entries on context switches will preserve the supervisor's code/data cache and prevent alias

ing (assuming the supervisor does not create aliases that are hazardous), yet only requires the implemen

tation of a split user/supervisor cache and hardware to sense the context switch. 
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6.4 Other Techniques for Virtual Cache Coherency Control 
The following are techniques that can simplify the problems of coherency maintenance in virtual 

cache systems by imposing system restrictions to limit the required range of monitoring and address cor

relation problems. 

6.4.1 I/O through cache 

Inverse address translation and selective invalidation by offset are mechanisms that can detect I/O 

reads and writes on copies of cached data. However, it is also possible to bring I/O transfers through the 

local cache requesting it, then broadcast them to main memory. 

6.4.2 Fixed MaIn Memory Panltlons 

I/O spaces and buffers that are memory mapped could be made to occupy fixed locations in the ad

dress space and use hardwired translated (fixed mapping) or even direct real addresses. This prevents 

address aliasing and facilitates address correlation by inverse translation, since references to these regions 

are made by common addresses with a known inverse mapping algorithm. This common set of addresses 

could then easily be monitored and aliasing prevented. Another, perhaps more extreme application of 

hardwired, fixed address spaces is that of assigning specific regions in the memory space for shared 

pages. This simplifies the monitoring and coherency issues that make managing shared data so complex, 

yet it may be unduly restrictive to limit the physical size of data that can be shared. Only the designer can 

rationalize these issues. 

6.4.3 FlushIng to AvoId AliasIng 

The idea of selectively or indiscriminately flushing cache on a context switch can be used to guaran

tee coherency due to I/O writes as well. Let's assume a task is always blocked and its cache space flushed 

on the request of an I/O resource. I/O then writes to main memory locations to be addressed by the 

blocked task. When the task is restarted, accessing these locations will force main memory access of the 

new data, bringing them into the cache. 

6.5 Summary of Virtual Memory Operations 
Discussed were two primary and a variety of other mechanisms to resolve the problems presented by 

address correlation and aliasing in virtual cache implementations. Incomplete addressing and inverse 

translation were discussed as solutions to the problem of correlating real and virtual addresses. flushing 

on context switch was shown to be an excellent approach to preventing aliasing, with split caches provid

ing a higher performance option. Other aliaSing solutions posed were I/O through cache and hardwired, 

fixed memory spaces. For additional information, the reader is encouraged to research the references at 

the end of this document. 

Oipper is a trademark of the Fairchild Corporation. 
SPARe is a trademark of Sun Microsystems, Inc. 
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Fujitsu's MB81 C51 
Intelligent Cache Tag RAM 

A-1. MB81C51 Functions and Uses 

Appendix 1 

The Fujitsu Intelligent Cache Tag RAM, the MB81CS1, is designed to address a broad range of cache 

implementations in MOS-based uniprocessing or multiprocessing system environments by employing a 
building block approach. By incorporating important autonomous functions (such as look-up, replace

ment, selective invalidation, purge and parity), but purposely omitting circuits that are often centralized 

and integrated with other functions, Fujitsu has positioned the MB81 CS1 to support large cache spaces in 

a variety of system configurations. 

A-1.1 Cache Tag RAM Features 
The features of the Fujitsu MB81CS1 Intelligent Cache Tag RAM are as follows: 

• Provides high density: 2K lines each; may be cascaded 

• Supports 512-by-4-way set associative cache or 1024-by-2-way set associative cache 

Provides single-cycle, single-entry invalidation (selective invalidation) 

• Executes a single cycle all purge (cache clear) 

• Provides circuitry to quickly determine a cache hit (hit time from address change is 25/30 ns) 

• Generates both encoded and decoded set element selection lines concurrent with HIT' generation 

• Supports an efficient implementation of the least recently used (LRU) algorithm for replacement 

resulting from a cache miss 

• Offers an ideal environment for write-through and buffered write-through systems 
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• Assures data integrity by providing parity generation and checking for both tag data and validity 

bits 

• Permits other external selective invalidation and replacement schemes through free selection of 

the way 

• Offers low-cost packaging with 68-pin PLCC and 64-pin PGA packages 

• Uses the high-performance l,Om (drawn) process 

A-1.2 Expandability of the MB81 C51 
The MB81C51 is designed to support today's faster 32-bit processors, with longer, more demanding 

caches, It is designed to permit simple expansion of the tag RAM depth by the fastest and simplest means, 

The MHlT' output is driven by the internal HIT signal gated with an input, EXTIf. This function is 

enabled by the MHENBL input. A pull-up resistor is included on the EXTH input, with a pull-dOwn resis

tor on MHENBL, so they may be left open. 

A-1.3Internal Architecture and Block Diagram 
Figure A-1-1 is the block diagram of the SlC51 cache configured as four-way. The major components 

are the tag and control memory storage array (512 x 23 x 4), the tag data comparator and hit generator, the 

LRU state table (512 x 6 bit memory array) and replacement logic, and the parity generator and checker. 
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A-1.4 Differences Between Two-way and Four-way Configuration 
Figure A-l-l describes a four-way configuration, If the device is to be configured as a two-way con

figuration, the only deviations are as follows: the address inputs are now AO through A9 (10 bits), the 

TAG and control memory cell array becomes 1024 x 23 x 2 bits and the LRU state table becomes 1024 x 2 
bits. The four-way configuration will typically be referenced in this Application Handbook unless other

wise noted. 

Although its functionality is extended beyond other tag RAMs and its performance is unsurpassed, 

high volume manufacture and availability in the industry standard 68-pin PLCC package makes the 

MB8lC5l the most inexpensive cache tag RAM in its performance class. 

A-1.5 General Functional Modes of the MB81C51 
Cache, as a subset of main memory, requires management haniware to determine whether data re

sides in cache or the main memory. It must also be able to retrieve and store in cache data that is re
quested, but missing. Since cached data has a duplicate copy (or parent copy) in main memory, cache man

agement hardware must also ensure that, over time, the copies remain identical; i.e., coherency is main

tained. To implement these management functions, the following types of device operation are provided 

by the MB8lC51. These device functions are illustrated by the waveforms of Figures A-l.2 through A-IS, 

described in corresponding order below. 

TAG READ 
CYCLE 

Signal DC Stale 

MODE "W or "L" 

PlJRGE "W 
WRITE "H" 

INVL "H" 
PINV, VINV "H"or"L" 

SBLK "L" 

Notes: 
1 Valid when HlR = "H" 
2 Valid when HIR = "L" 

AO---A9 

HlR 

TDO-TDI9 

HIT 
HCn, HITn1 

RCn, REPn2 

PERR 

SET 

RLATCH4 

3 LRU is reversibly upda1ed al SET = "L" 
4 Replace latched al RLATCH = "H· 

A-1.S.1 Read Cycle 

(")4 

I 

Figure A-1-2. Tag Read Cycle 

The read cycle is invoked when WRITE', PURGE' and INVL' are all high, as shown in Figure A-l.2, 

This cycle accepts an index address and a tag for comparison to determine whether the requested tag is 

resident in cache. A tag is resident if the tag provided to the TDO.,TD19 inputs matches one of the tags 
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stored at any set element selected by the index (AO .. A9). From this search and compare, a hit or miss is 

generated. The hit is then used to signal the processor that the bus cycle will successfully complete with

out wait states (typical). Hit information outputs denoting the set element that was hit are then used to 

select data from the data buffer. 

To avoid potential confusion, keep in mind that whether the cache cycle to be performed is a read or 

a write, the tag operation to be performed will first be a read to determine whether the data is resident in 

cache. 

The read cycle supports two modes (depending whether or not the least recently used (LRU) state 

table is updated). The LRU table tracks the age of each set element relative to the others at that same index 

to determine which is the best candidate for replacement. Whether or not the LRU table is updated is de

termined by SET'. Asserting SET' (UPDATE mode) forces the LRU UPDATE, while maintaining SET' high 

inhibits the LRU update, whether a hit or miss occurred (termed an inquire cycle). The read cycle in gen

eral, regardless of the mode, is termed interrogation. (See Section 2.3 for more details on the LRU.) 

Read cycle may be initiated by the processor when reading or writing, in which case the LRU update 

mode is used. The read cycle. may also be initiated by the system bus in the case of bus monitoring, during 

which the inquire cycle would be invoked because an update of the LRU is not desired. (Bus monitors are 

discussed in Section 5.4.) A processor-invoked read or write will first perform a cache tag read to deter

mine residency. If the read cycle determined a miss, then a line in cache (termed a slot) is usually allocated 

requiring the tag to be written to the tag buffer. Therefore, a processor read or write cycle resulting in a 

miss is usually followed by a tag write cycle. 

A-1.S.2 Write Cycle 
A write is initiated following a missing read cycle by asserting WRITE' (low) and SET' according to 

the waveforms shown in Figure A-1-3, which also shows that INVL', PURGE' and INH' should all be 

deasserted throughout the cycle (high). During the operation of the write, the MB81C51 writes the tag and 

the internally generated parity bit to the line specified by the index (AO .. A9) at the set element location 

specified by HITn/REPn or SBO and SBI (see Section A-l.6.2). The write operation updates the LRU table 

to show that this entry is now the newest one (details given in Section A-1.5.3). As a result of the write 

operation, the previous data is overwritten. 

10-87 



Cache Tag RAM Design Information Fufftsu Microelsctronics, Inc. 

Iur. 
TAG WRITE .1 

CYCLE AO---A9 ~'/////2f VALID r;,"''"// / / /.:,'. 
Signal DC State 

MODE "H"or "l" FIIR lo... 

PORGE "H" ~ -~IHH 
WRITE "l" RCn, REPn [W///L/'/Ij/I~ VALID f'////I~I 
lNVL "W I 
FIIR "l" 

TOO - TD19 I'~/ h'l/'/:I~ VALID ~//:I'/;~ 
"H" lRFf 

I SBlK "l" I "" • • 'sR 
l'INV, VINV "H" .. lsw • SET '} "\1 

·1~~1 I· lAs t : ~IS. 
RLATCH3 (12 

liS: 

1'~:YZ'W~~~2ij///?;f? ~ l'INV; 
NoleII: VINV 

VALID ~ <w;:,! 
1 Register TAG, V-Bits sel"H", and update lRU 
2 Replace latched al RLATCH = "H" 
3 RLATCH is used when SBlK = "l" 

Figure A-1-3" Tag Write Cycle 

A-1,5"3 Selective Invalidation (Panlal Purge) 

When the bus monitor initiates an inquiry to determine if a system bus cycle is referencing cached 

data, the option of invalidation versus updating is confronted if the entry is resident, if an update is to be 

performed, then the tag read cycle is used to determine residency, followed by a data buffer write to up

date the entry, However, if invalidation is the preferred approach, then selective invalidation is performed 

(see Figure A-l-4), 

PARTIAL PURGE 
CYCLE 

Noles: 
1 Valid when SBLK = "l" 

AO- --A9 ""1'Z"T"Z"""""<%'"72?"""~ ..... ---.,..---:-__ V..:::'A~L1D~ __ --,~':%r:ZO"?~""~"T~AT.I 

TDO-TDI91V2?/2'<Ii,ibZ.::,,*~_.....:;= __ .... 

I Ippc • ,. -. 

lAS 

SET 

SBLK 

SBO, SB1 3 

2 lRU is rewrsibly updated, V-bits "l" 
3 Valid at SBlK = "W. 

Figure A-1-4. Panlal Purge Cycle (Selective Invalidation) 

To invalidate specified entries, the MB81 CS1 supports a selective invalidation (or partial purge) for 
which ~o modes exist, explicit and implicit invalidation. In the case of implicit invalidation, the system 
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need only supply the index address, as it nonnally would for a read cycle, and, if the BICSI determines 

the entry is resident, invalidates it. The invalidation is executed in one cycle,and updates the LRU state to 

indicate that this invalidated location is the preferred one for subsequent replacement. If a miss occurs 

when invalidation is attempted, then no entry is invalidated and the tag buffer and LRU state remain the 

same. 

Explicit invalidation always invalidates the set element selected by SBO and SBI, while implicit in

validation requires a tag to successfully compare against. Both modes require an index to select the line 

however, and the result of either invalidation operation is to clear the validity bits to indicate that the en

try has been invalidated. Note that neither the data nor the tag is ever modified during invalidation; only 

the validity bit which marks the entry absent is modified. 

A-1.5.4 All Purge 

The All Purge, also termed an indiscriminate flush, or clear, cycle initializes the cache to reflect that 

there are no entries resident and resets the LRU state table (see Figure A-I-S). In virtual cache systems 

(see Section 6.0), it may be necessary to flush cache when changes in the virtual address space occur (as 

during context switches). Flushing is also required for power-<>n reset and, perhaps, following the detec

tion of certain bus errors (such as cache parity errors). 

ALL PURGE 
(CACHE FLUSH) 

Signal DC State 
SET "H" 

All Other Oon·1 Care 
Inputs 

Figure A-1-5. All Purge Cycle 

The PURGE' signal which invokes this mode is an asynchronous input which inhibits all other inputs 

except SET'. Therefore, all other inputs are don't care, while SET' remains de-asserted (high) throughout 

the purge operation. Any cache request will result in a miss following the indiscriminate flush, since the 

validity bits of all lines and all set elements have been cleared. 

A-1.6 The Tag and Control Bits: Use and Response 
This section presents the structure of the tag array words, how operations affect these words and 

how to use the outputs controlled by them. 

A-1.6.1 Description of the Tag Memory Entry 

Referring to Figure A-I-6 (the structure of the tag buffer entries), you will note that each entry con

sists of three fields: 

1. the tag field 

2. the validity bits 
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3. the parity bit 

TAG Word Format (Single Entry) 

r-------------------------------------------, 
! I TAG Dam (20 BITS) I: I :I~ I P:I~~ I! 
~-------------------------------------------~ 

VO, VI : Validly BH and its Duplicate 

Figure A-1-6. Tag Memory Array 

A-1.6.2 The Tag Field 

The tag entry, TDO"TD19, is a field of the address that corresponds to data residing in the associated 

data buffer. There are a number of tags at a given index address equal to the number of ways in which the 
cache is configured (or degree of associativity) in the tag buffer. When an index is applied in read mode, it 

is the tag field of all set elements that are fed to the comparators, along with the TDO .. TD19 inputs, that 

define the tag for which we are searching. 

A-1.6.3 Comrol Bits (Validity And Parity) 

Validity bits exist for every set element at all index addresses to indicate which are invalid and which 

are valid. An invalid entry will force a miss, even if its tag matches the requested tag. These bits are active 

high (low indicates an invalid entry), while mutually exclusive bits indicate a bit error in one of the valid

ity bits. Thus, duplicate validity bits are provided for data integrity. Without duplicate validity bits, a sing

le-bit error, altering the state from low to high, could occur. The single-bit error could interpret an invalid 

entry as a valid entry resulting in an erroneous instruction/data fetch. With duplicate bits, a double-bit 

error must occur. Validity bits are cleared in the all purge and selective invalidation cycles and set during 

the tag write cycle. 

Figure A-l-6 also shows the location of the duplicate validity bits of each entry, as well as a parity bit. 
This is a tag parity bit which is minimizes the possibility of tag corruption. The parity bit is generated and 

stored along with the tag and validity bits during the tag write operation. When a tag read or selective 

flush operation is performed, the tag parity bit is again generated and compared against the stored parity 

bit for discrepancy. 

A-1.6.4 Tag or Validity Bit Parity Errors 

H a parity or validity bit error occurs (perhaps due to an alpha particle induced soft error), then cor

ruption has occurred. H the affected entry is a valid one, this false tag may match during a look-up, result

ing in false instruction/data fetches. Therefore, the signal PERR' is used to indicate validity bit errors and, 

if the tag is not invalidated, tag parity errors as well. The Boolean equation for this PERR' signal is: 
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EqA-l-1 
PrRR:= the NOR of PEO .. PE3 

where PEn= (VOn + Vln) * PEn + (VOn XOR V1n) 

NOTE: VOn and V1n are the Oth and 151 validity bits of the nIh set element, and PEn is the parity error bit 
for the nIh set element. 

When a parity error does occur, the access should be treated as a miss. Furthermore, since there is no 

way of isolating the set element that introduced the parity error, we may either treat all further accesses of 

this location as a miss and essentially inhibit the use of the set element until the next flush occurs or, alter

natively, we may choose to respond with a more effective action. This action may be performed in hard
ware or software and performs one of the following functions: 

1. Flush all set elements at the affected index. 

2. Flush the entire cache, or at least the affected device. 

To invoke this error recovery, the PERR' signal may be used to generate a bus error signal for either 

operating system resolution or as a signal for a hardware controlled flush. (In either case, the acknowl

edgement to the processor may have to be delayed to allow time for the fault resolution.) 

A-1.7 The HIT, Its Detection, and Related Signals and Functions 
When an address is supplied to AO .. A9, it will access the tag memory array, as well as the LRU state 

table. In the case of the tag memory, the address will access all set elements simultaneously. After the in

ternal SRAM access time from the address transi tion, all set elements at that line are presented to the com

parators. The tag fields of each element are then compared with the tag data applied to inputs TDO .. TDI9. 

A match of any set element asserts HIT' which, along with the PERR' signal, should be used to determine 

if a true cache hit has occurred. The Boolean equation for HIT' is: 

EqA-1-2 
HIT = the NOR of hitO .. hit3 

where HITn is the HIT result of th nth set element. 

A-1.7.1 Generating HIT from Multiple CTRAMs 

As will be shown in Appendix A-l.l0.3, when integrating more than one MB81C5I into the tag 

buffer, it becomes necessary to gate the HIT' outputs of the individual tag RAMs to generate a single tag 

buffer HIT' signal. In the MB8IC5I, when MHENBL (Modified Hit ENaBLe) is asserted (high), MHlT' 

will be asserted (low); if either the internal HIT' or the external HIT (EXTH, active high) are asserted, 

MHIT' is deasserted (high). When MHENBL is driven low or floats (its input has a pull-down resistor) 

and EXTH is high or left floating (it has a pull-up resistor), MHlT' defaults to a low. The use of this feature 

is described in Appendix A-l.l0.3. 

A-1.7.2 Selection of Hit/Replace Information 

When a hit occurs, it is necessary to select the proper set element from the data buffer to be read or 

written. The HlTn/REPn outputs (4 bits, active HIGH, which indicate the set element that was hit) are 

used for selection of the proper set element. These signals are also encoded and output on HCO/RCO, 

HCI/RCI, as illustrated by Table A-I-I. The decoded information (HITn/REPn) is designed to drive chip 

or output enable signals to banks of RAMs whose data outputs are dotted; the encoded outputs are ideal 

as address inputs to the data buffer RAMs. 
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Table A-1-1. Encoding 01 Hit and Replace locations lor 4-Way Buffers 

INPUT INTERNAL INFO. OUTPUT 

DECODED ENCODED 

hH 0/ hHll hH2I hlt3/ HIT 0/ HlT11 HlT2I HIT3I Hco/ HC11 
MODE A9 repO repl rep2 rep3 REPO REP1 REP2 REP3 RCO RCl HIT" MODE 

H X L L L L L L L L L L H 
H X H L L L H L L L L L L 
H X L H L L L H L L H L L 4-Way 

H X L L H L L L H L L H L 
H X L L L H L L L H H H L 

• Oupul of HIT is Valid when HIR = "R". 

H two degrees of associativity are employed, the HITn/REPn or HCn/RCn outputs must be gated to 

generate simple signals for set element selection of the data buffer. Table A-1-2 illustrates the coding of 

the HITn/REPn and HCO/RCO, HCl/RCl outputs for the two-way case. However, gating these signals in 

the following way produces the desired results: 

EqA-l...,3/l 
GHITO/GREPO= (HITO/REPO + HlTI/REPl) 

EqA-l...,3& 
GHlTI/GREPI= (Hm/REP2 + HIT3/REP3 

and if encoded signals are used: 

EqA-l-4 
GRCO/GRCO= (RCI/RCI) 

Table A-1-2. Encoding 01 Hit and Replace locations lor 2-Way Bullers 

INPUT INTERNAL INFO. OUTPUT 

DECODED ENCODED 

hHOI hlt11 hH2I hH3/ HIT 01 HIT11 HIT2I HIT3I HCOI HC11 
MODE A9 repO repl rep2 rep3 REPO REP1 REPZ REP3 RCO RCl HIT" MODE 

L L L X L X L L L L L L H 
L L H X L X H L L L L L L 
L L L X H X L L H L L H L 2-Way 
L H X L X L L L L L L L H 
L H X H X L L H L L H L L 
L H X L X H L L L H H H L 

• OupUI of HIT is valid when HIR = "R". 

In the case of a miss, we need to know which element should be replaced, based on the LRU algo

rithm implemented internally. For convenience this information is also output on HITn/REPn and 

HCO/RCO,HCl/RCl. To differentiate hit information from replace information, the H/R' signal is pro
vided as a select for both encoded and decoded outputs (refer to Figure A-1-7 showing the internal mux 

structure). 
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MUX ~~4~ ______________ __ 
Way 

Comparator. HIT/REPO •• 3 

4 L ___ ~or"--....L..JL...L..----7"~"i HIT 
'----~ 

Figure A-1-7. Mux Circuit for Selecting Hit or Replace Infonnatlon 

When a miss is detected, a delay occurs because the cache controller must request the missing data 

from main memory. This request suspends the processor by inserting wait states. Therefore, the time to 
detect a miss is not as critical as it is for detecting a hit and suggests that the state of the H/R' signal 

should default to high, as demonstrated by the sample circuit in Figure A-l-8. H/R' is then reset after a 

miss is detected, in order to select the replacement information. The replacement information then ap
pears tHR (Hit/Replace select time) after H/R' goes low. 

(*)1 ,.. Q1 

PD - 'N 
0 • • WST 

an 
r-- Counter 

(Walt State Terminated) 

1:U 
xes -;:-t-FD o Flip Flop 
MilO - o 11 Q .., CCP 

OTRER ~ (cache cycle In progress) 

eLK 
r-~ 

IJRESET o Flip Flop 

~ 
iI2 Q ..-oHllr 

HIT 0 

xc 
IV 

PR 

T 

Note: 1 Load with 2N - R + 1 where R is the number of wait slates and N is the size of the counter (in bits). 

Figure A-1-8. Example of Circuit to Generate HIR 
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A-1.7.3 Clrcuft Example (to Generate HIR)' 
At the beginning of the bus cycle, CLK (1) samples the status lines M/IO' and OTHER', which are 

used to qualify the cacheable address space (contingent on the assertion of ADS') and (2) generates cache 

cycle in progress (CCP), if all are active. CCP going high enables HIT' to the D input of flip-flop #2, whose 

output is high by default These two activities permit hit information to be selected as quickly as possible, 

while enabling replace information to be selected one cycle after the initiation of the cache access (in case 

of a miss). Consequently, the cache hit time (tAH), plus the prop delays and set-up of HIT' on flip-flop #2 

are less than the CLK period. HIT' may directly generate the acknowledge to the processor while H/R' 

drives the H/R' and WRITE of the 81C51 tag RAMs. H/R' and the WE' from the processor are ANDed to 

drive the WE(M)' of the data buffer SRAMs. The WE(M)' is synchronized by a D flip-flop clocked by CLK, 
(not shown). 

If a miss occurs, H/R' falls on the second cycle of the cache operation, enabling the wait-state counter 

(already loaded on reset or previous wait-state completion) with 2N - R + 1 (where N is the size of the 

counter, in bits, and R is the number of cycles to wait). Successive CLKs will increment the counter until 

the outputs are all high. At that time wait state terminates (WST') and triggers, setting up a CLEAR on 

flip-flop #1, a PRESET on flip-flop #2 and a LOAD on the counter (all synchronous to the same rising 

edge of CLK). The replace information is then selected throughout the write to the data and tag buffers. 

CCP, indicating a current active cache cycle, could be gated with WE(M)' to control the bus transceiv

ers and registers for data transfer from/to main memory, as well as a device enable for the data buffer 

RAMs. Notice that H/R' will disable the clock of flip-flop #1 in the case of a replace, thus maintaining 

CCP at a high state until the replace is complete. 

Different designs will employ different replacement strategies and use different processors with 

varying control signals and timings. This example is useful only as a generic guideline for the generation 

of important signals used to control cache. For example, this circuit assumes a miss will always be re
placed within the same number of clock cycles (R) although it is usually necessary to gain access first to 

the system bus, which may not be idle. 

A-1.7.4 RLATCH - fts Function and Use 

After a miss is detected, the replace information needs to be internally latched since a subsequent tag 

write cycle will cause a change in the LRU table and, consequently, a change in the replacement informa

tion. As noted in Table A-1-3, the Pin Description Table, the RLATCH signal is used to stabilize the re
place information because its rising edge will latch the information (which remains valid until RLATCH 

goes low again) plus a disable time (tRH). RLATCH rising should lead the rising edge of SET' (during the 

tag write cycle following the miss) by tRLS and remain asserted until the replace information is no longer 

needed externally. 
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Table A-1~. Functional Pin Description of the MB81C51 

Sync 
Signal 11O "lYpe Active to Sat function 

AO-A9 Input Dais Hiah Yes INDEX address inputs ID the TAG buffer and LRU table. 

TDO-TD19 Input Data High Yes TAG data for comparison against internal TAG entries at the applied INDEX 
address (AO .. A9) 
Selects TAG RAM organization: 

MODE Input Select -- Yes MQD.E ORGANIZATION 
1 512x4way 
0 1024 x 2 way 

WRITE Input Enable Low-Level Yes 
Active only in cycles in which SET is asserted. This signal defines a 
WRITE (actiw low) or READ (high) cycle. 

I'lJRGE Input Control Low-Level No This asynchronous signal resets the V bits for all entries in the TAG RAM, 
and initializes the LRU. 

This level sensitiw signal, sampled by SET, is used ID initiate the Selee-
JNV[ Input Control Low-Level Yes tive Invalidation ("PARTIAL PURGE") mode. This operation invalidatas the 

"YO bits and reversibly updatas the LRU table for a single entry. 

INR Input Disable Low-Level No 
This level sensitive signal, asynchronous ID SET. 
Inhibits all operations except for the PURGE function, when asserted. 

This signal determines whether HITnlREPn and HCnlRCn are selected ID 
output hit information, or replace information 

H1R Input Select -- No I:tlB STAlE OUlPUl STATE 
0 Replacement Set Element Selected 
1 Hit Dais Selected 

RLATCH Input Clock 
Latch 

Yes This signal enables the internal latch that clocks the LRU replace-
Enable t mentdals. 

This signal controls whether the way selection for replacement or invalida-
tion comes from an outside source, described by SBO and SB 1 , or whether 

SBLK Input Select -- No 
the internal replaoement way is selected according ID the LRU algorithm. 

SBL~ STAlE BEPLACEMENT SOUBCE 
0 Internal 
1 External 

These signals are "don't care" in the case of SBLK = L. However, when the 
SBO,SBl Input Data High Yes external replaoement souroe is enabled, they select which way is to be 

replaoed or invalidated. 

Latch This clock signal is used to update the LRU table and stabilize replacement 
SET Input Clock 

Enable t -- dataln READ mode, if it is not asserted, a tag compere can occur without a 
LRU update. 

FLAG 
This output is tha NOR of the 4-way comperators thus, when asserted, 

R1T Output Low-Level indicatas that the tag applied ID TDO .. TD19 matches at least one set ele--- ment at the line specified index 

HITnlREPn Output Data High -- These signals indicate which way was hit (if any) or which way should be 
replaced. The selection of the hit or replaoernent is controlled by the H/R' 
signal. (See Tables A-l-l and A-l-2.) 

HCn/RCn Output Data High -- These are the encoded HITn/REPn signals. 
(See Tables A-l-l and A-1-2.) 

MN1T Output Rag Low 
Indicates internal CAlT) or extemal (EXTH) HIT is detected. This output is -- low when cisabled. Used for multiple device configuration ID expand 
cache depth. 

MHENBL Input Select High -- Enables multiple mT logic by selling lWm" to the NOR of EXTH and HIT 
signals. Disabled by floating or pulling low. 

EXTR Input Flag High -- External HIT signal (driven from another 81C51 by an inverter) when un-
used, should float or be pulled high. 
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A simple way to generate RLATCH is to use SET', qualified by the WRITE' signal. The designer 

should be careful that tRLS is satisfied. Satisfaction is guaranteed as long as the qualifying WRITE' signal 

lags SET' going low by no more than tSW - tRLS - tL (where tL is the propagation delay in generating 

RLATCH from SET' and WRITE'). 

A-1.7.5 LRU Logic and Replacement 

The LRU logic (its algorithm is described in Section 2.3) is designed to track the age of each tag since 

its last reference and relative to the other tags in the same set. The age information is used to determine 

which set element, at a given index, is to be replaced when a miss occurs. The replacement data specified 

by the BICSI corresponds to that set element specified by the LRU as the least recently used; i.e., a good 
candidate for replacement. As the state table (Table A-I-6) reveals, the LRU table is either forwardly or 

reversibly updated (it remains unaffected by certain CI'RAM cycles) to reflect any change in the relative 

age of the element as a result of the operation. 

A-1.8 The Signals ofthe MB81C51 
This section discusses the use and purpose of chip level signals, referring to the pin description table 

(Table A-I-3.). The use and effect of the INH' and SBLK (including SBO and SBI) are discussed in detail. 

A-1.8.1 Pin DescriptIon Table and DIscussIon of SIgnals 

Table A-I-3 lists all the device pins, their basic timing nature (synchronous or asynchronous) and 

other pertinent information. Since the storage arrays (tag buffer and LRU table) of the MB8IC51 are con

structed by a mixed MOS SRAM approach, it should not be surprising that similar timing and signals are 

reqUired for its operation, along with timing related to comparison, update and flush operations. 

A-1.8.2 The INH' SIgnal and Its Effect 

The INH' signal, as determined from the pin description table, serves primarily two purposes: 

1. Inhibits all functions including tag read (either update or inquire), tag write, and selective flush. It 
does not inhibit the all purge operation. 

2. INH' sets all outputs to predetermined levels that are most suitable for permitting multiple de
vices to be stacked in depth, and generally preventing any side effects arising from devices that 
have been disabled. It does NOT place the outputs into a high impedance state since, typically, the 
outputs will feed combinational logic. Table A-I-4 illustrates the output states and conditions of 
the inputs when INH' is asserted. 

Table A-1-4. Output States for INH' = "L" 

SIgnal Name State 

HITnlREPn L 

HCnlRCn L 

Hlr H 

PERR' H 

Note: ALL inputs are inhibited by the INH' active except PURGE' which is asynchronous. 
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A-1.8.3 SBlK and External Way Selection 

The SBLK signal selects between internal and external replacement information and is in effect only 
during the tag write cycle or invalidation (selective flush). When SBLK is asserted, SBO and SBI signals (or 

simply SBO in the two-way case) become the external set element selection lines for the tag RAM, as speci

fied in Table A-I-5. This mode is very useful for flushing all set elements at a particular index or imple
menting another replacement method. 

Table A-1-5. External Element Selection Using SBlK 

Cycle SBlK Set Element Selection Effect on lRU 
TVDe Scheme Table 

Write L LRU Selects Way 
Always 
Updated 

Cycle 
H SBO & SB1 Select Way 

Always 
UDdated 

Selective L LRU Selects Way 
Updaleon 
a H~ 

Invalidation H SBO & SBl Select Way 
Always 
Updated 

A-1.9 Device Mode State Table 
The MB81C51 performs all basic operations necessary to support cache operations initiated by hard

ware and software including interrogation (look-up), retrieval control, replacement, update, and coher
ency by selective and indiscriminate flush functions. The function table, Table A-l~, provides a descrip

tion of the input states required to invoke these operations, and the effect of these modes on the internal 

states, such as the tag array and the LRU table. 

Table A-1-6. MB81C51 Functional Modes Table 

Input Tag Control Replace 
Cycle 1\'pe Signals Data Data Data 

INR PURGE SET WRITE JRV[ Tag PBlts V Bits lRU Data Function Mode 

L H X X X NoChg NoChg NoChg NoChg Inhibit 

NoChg NoChg NoChg NoChg 
Tag Read wilhout 

H H H X X LRU Update 

NoChg Tag Read wilh 
NoChg NoChg NoChg or 

H H J,. H H Update1 LRU Update 

J,. TOO 
H H L H to SET H Updale TAG Write 

TD19 

L(all) Reset 
Cache Clear J,. X X or or 

X L X X L2 R'Updale1 

L2 Partial Purge 
H NoChg NoChg R'Updale1 Selective 

H H H L Invalidation 

NO!ea: KEY 
1When (SBLK = "L" s (mT = "H"), LRU ~ NO CHG 
2(SBLK = "L' S (R1T = "H"), V BITS ~ NO CHG X Undefined 

NoChg Data Remains Unchanged 
Updale LRU Forward Update 
Reset LRU Initialized 
R'Update LRU Reversibly Updaled 
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A-1.10 Configuring the MB81C51 for Various Applications 
The configuration of the number of set elements in the MB81 C51 is controlled by the MODE pin, 

which selects between two-way or four·way set associativity. MODE controls the internal organization of 

the tag array, LRU table and associated logic. Since all affected internal logic is also reconfigured to sup

port the selected organization, MODE provides for a simple hardware reconfiguration option. 

The initial organization of tag array and the LRU table is as follows: 

lYaJi ~ 
Internal Tag 2 1024 x 23 bits 

4512 x 23 bits 

LRUTabie 2 1024 x 1 bit 
4 512x 6 bits 

A-1.11 Defining the Tag and Index 
The address bus interfacing to cache is composed of several distinct fields. The descending order of 

significance for these fields are the tag, index and block. Figure A-1-9 illustrates the relative significance 

of each field and the relationship of these to the virtual memory fields. 

CACHE TAG I INDEX I BLOCK I BYTE 
ADDRESS' 
DATA 

m (n +1) n 43 2 1 0 
PROCESSOR 
ADDRESS 

VIRTUAL . - PAGE SIZE .... PAGE OFFSET ... 
MEMORY 

FIgure A-1-9. Address Bus FIelds 

A-1 .11.1 ChoosIng the Index and Tag SIze 

The MB81C51 permits tags up to 20 bits in size, and index sizes of 10 bits per each device (configured 

as two-way implementation) or 9 bits per device (configured as four·way implementation). However, the 

BIC5t may be expanded in depth in multiples of 1024 (two-way) or 512 (four-way) lines. Furthermore, 

any line or block size may be used, therefore providing for large caches to be implemented with a single 

MB81C51. 

The size of cache is defined in terms of its depth (D), block size (B) and degree of associativity (W) in 

the following way: 

EqA-l-5a 
cachesize=D* B* W 

Since the index is used to address the cache in depth, the size of the index address field should be (in 

bits): 

EqA-l-5b 
index size = LOG2(D) 
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For example, if we have a two-way cache with a block size of 4 words, an 18-bit tag (2-bit byte select) 

and a 1o-bit index, we then have a cache buffer that is 2 • 4 • 2.210) = 8K words, with a tag buffer depth 

of 2K tags. This 32K byte can be implemented with a single 81C5t. 

A-1.11.2 Configuring the Tag Buffer Given the Index Size 
In certain implementations, if caches of larger than 2K lines are desired, multiple 81C51s will be 

needed to construct the tag buffer. If a larger cache is desired, it is easily implemented by extending the 

81C5ls in depth. 

There are fundamentally two ways to NstackN multiple 81C5ls in depth to increase the number of 
available tags. One way is to gate the signals. The second way is to use MHIT'. A discussion of both im

plementations is in the following sections. 

A-1.11.3 Gate Signals to Implement Multiple 81C51s In Depth 
The most significant bits of the index address are decoded and used to generate inhibit signals (INH') 

when gating the signals. In the inhibit state, the outputs go to values that permit simple interfacing of 

multiple devices, as was shown in Table A-1-4. Therefore, we need only gate the individual HIT' and the 

individual PER&' signals, and multiplex the HITn/REPn or HCn/RCn signals (depending on which data 
buffer selection scheme we are utilizing). Figure A-I-IO illustrates this control and mux logic with an ex

ample of a four-way set associative implementation that has a depth of 2K and supports 8K blocks. To 
extend beyond this configuration, realize that the N most significant index bits are used to address 2N 
different 81C5ls, each with a size of 2K blocks and a depth of 512 (4-way) or 1K (2-way). Two 2N-wide 

AND gates are used to generate the system GPERR' and GHIT' outputs. The N most significant index bits 
feeds N of 2N decoder which drives the INH' signals of the individual devices. The most significant index 

bits are also used to select a W-wide (where W is the number of ways) 2N-to-l mux which selects from 

the individual HITn/REPn lines that drive the data buffer. If the NCn/RCn (encoded) signals are used, 
then a LOG2 (W) wide 2N mux is needed. However, if individual data buffer RAMs are driven by the 

HCn/RCn lines of each individual tag RAM, this muxing is not necessary. 
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INDEX1 0 

Example Impl_entatlon of. T.II Buffer with Extended Depth: 
2K Deep ..... W.,. Supportlnll 8K Llna. 

If'PERR' 
IRRIr 

IIRIT -r- Tall Buffer 
4 0 

81C51 
HITIREPO --, 

~ 4 r- I lRRf ll'ERR 

1 HIT 

r- Tall Buffer 
1 

-~ 2:4 - ~ .1C51 ~~ 
Decoder 

9- t-

II - '2l'ERR ,(.)1 
INRI I-- r-

INDEX 

2HIT IJ - Tall Buffer 4 2 - 81C51 ---HIT/REP2 4·Wlde 
4:1 

War ~ablao 10 0 .... Butler 

- AD .. 8 MUX / 

JAR! 3l'ERR I- r- 4 

Tall Buner 

9 81~51 3HIT r----- SELECTS 
INDEXD .. 8 

,,20 - TDO .. TD19 4 TAGD .. 19 
/ , 

HITIREP3 

INVL', SET', RLATCH', 

WRITE', PURGE', H/R' 

GPERR' 

GHIT' 

1IilJrI~ ____ ~N~o~te~:_l~G~H~lr~m~a~y~oo~ge~n~e~~~W~d~U~Si~ng~~~e~M~HI~T~a~'rou~it~~. ______________________________________ ~ 
Figure A-1-10. Example Implementation of a Tag Buffer with Extended Depth 

As an example, to construct a 2-way tag buffer with 16K tags and a block size of 8K to yield a 64K 

word tag buffer that uses the encoded hit/replace select lines (HCn/RCn), the implementation would be 

as follows: 

W =2 ways =>IKdepthperdevice2N =I6K/IK =I6MBBIC5Is 
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Notice that since INH' inhibits all device functions except ALL PURGE, (usually perfonned on the 

entire cache simultaneously), it can be easily used to isolate devices for any operation. Therefore, it can 

extend the TAG in depth with no change in function and an addition of only a mux, a decoder and two 

ANDs. Since INH' is the device selector and inhibits/enables all functions except ALL PURGE, the func

tions of reading (with update or simply inquiry), writing (in the case of replacement) and selective invali

dation are performed as if only one SICSI were utilized. 

A-1.11.4 Configuring Multiple MB81C51s Using MHlr 

The MB8ICSI supports expansion of cache by gating the internal HIT' signal with an external HIT 

signal called EXTH (active high) when the MHENBL input is asserted (high). This permits a system hit 

(MHIT', active low) to be quickly generated from multiple devices without the use of external logic, ex

cept an inverter that complements and drives the HIr output of the other MB8ICSI(s). 

It is also possible to support more than two cache tag RAMs by feeding the MHIT' output of the sec

ond device to the EXIH input of a third via an inverter, and so on in "daisy chain" fashion. The method of 

parallel gating presented in Figure A-l-lOprovides a high-speed solution when many tag RAMs are ar

ranged in depth. For implementations requiring two or three tag RAMs, the "daisy chain" provides the 

highest speed solution with minimum hardware. 

A-1.12 Unused InputS/Outputs 
If four-way associativity is selected by the MODE pin, then only nine address bits are required, as 

opposed to the ten required for the two-way case. In the case of a four-way implementation, the designer 

should then use address pins ADO .. ADS and tie AD9 high (since better noise margin exists when it is 

pulled high). Additionally, the tag inputs TDO .. TDI9 comprise a 20-bit word in which the unused bits 

should be tied high (VIH as the minimum or higher), preferably to the power rail. 

In general, no input signals of CMOS devices should float, but rather should reference some valid 

voltage level (VIL (max) or VIH (min». Unused outputs, however, such as HCn when HITn is used in

stead, should be left open. 

A-1.13 Supporting Copyback with the MB81C51 
The local cache must support functions initiated by the local bus monitor or central controller, such as 

change of privilege, invalidation, and update. These operations are detected as system bus activity and are 

routed to the local cache tag buffers to determine reSidency and then respond appropriately if resident. 

Implementing copyback within the cache tag buffer reqUires integrating the privilege bits and dirty bits 

into the tag buffer and providing support hardware to read and modify these bits. To perform an invali
dation of a line, for example, the bus monitor/cache controller would perform a selective invalidation on 

the tag buffer with the system bus address. Since the HCO/HCI information is output for invalidation cy

cles, this information would be used to select the associated descriptor bits in an external descriptor RAM. 

If the dirty bit was set, the line could then be updated to main memory. Read-only protection can be en

forced in a similar way by using HCO/HCI to select the descriptor bits and generating the acknowledge 

to the processor depending on the state of the read-only status bit 
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5incethe MBSICSl, as previously explained, does not directly support the flushing of dirty entries 

that must be written to main memory, the user may find that implementation of write-through and buff

ered write-through caches (either real or virtual) to be more efficient and simpler to implement. H per
formance is of utmost importance, buffered write-through has proven to be faster in average cache time 

than copyback options except in those systems where bus traffic makes write-through an impossibility. 
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