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About Fujitsu America Inc. 

Fujitsu-America Incorporated - FAI 
- is the U.S. marketing arm of Fujitsu 
Limited of Tokyo, Japan. Fujitsu 
Limited manufactures and markets 
data processing and telecommunica­
tions systems, and the components 
these systems use. The Company is 
the largest manufacturer of computer 
systems in Japan, with annual sales 
that exceed $1.2 billion. 

Established in 1935 as a communica­
tions equipment firm, Fujitsu's expan­
sion into EDP was based on extensive 
R&D and marketing experience. The 
company is using its strength in both 
telecommunications and computing to 
maximize, worlk!~ide, its opportuni­
ties in these rapidly growing markets. 

Major basis for its recent, 15%-per-year 
growth in sales has been the com­
pany's innovative technology. This is 
especially true in integrated circuits 
- I Cs. Shipments of the company's 
'M' series - the world's first fourth­
generation, all-LSI, ultra-large-scale 

computer systems - began in 1975 to 
some of the world's most demanding 
users. 

Until recently, design and develop­
ment of Fujitsu I Cs was dictated by its 
internal computer and telecommunica­
tions needs. The new Fujitsu policy 
of selling ICs to independent cus­
tomers means that designs are now 
dictated primarily by market require­
ments. A good example is FAl'S new 
16-pin, 16K RAM, comparable to the 
most popular type available and 
second-sourced by several U.S. 
manufactuers. 

Fujitsu's established systems know­
how helps in creating specifications 
for its I Cs that are truly meaningful 
for IC memory users. It stems from 
the close relationship with the com­
puter operation, and results in 
genuinely 'state-of-the-art' designs 
destined to become future industry 
standards. 

ii 

Among Japan's approximately 30 IC 
manufactuers, Fujitsu ranks among 
the top five. The company's capabili­
ties in IC development and manufac­
ture are broad - process technologies 
at Fujitsu include both MOS and 
bipolar; products include RAMs, 
ROMSs, PROMs and EROMs, as well 
as a broad range of memory-peripheral 
circuits. Fujitsu's special strength has 
been the ability- to handle advanced 
processes with high-yield, complex 
designs in which the company is well 
placed to offer highly competitive 
products. 

Fujitsu's excellent reputation for 
high-quality, reliable products results 
from its allocating almost 10% of its 
annual budget to quality control and 
reliability assurance. These programs 
are costly, but make a significant 
difference in Fujitsu's ability to offer 
I Cs that come as close to 'Zero 
Defects' as technology permits. The 
company intends to remain a quality 
manufacturer. 



Product Reliability 
To deliver I Cs to customers that will 
operate at the highest reliability levels, 
.comprehensive Reliability and Quality 
Assurance programs are applied by 
Fujitsu from the start of product 
design all the way to manufacture and 
final test. Reliability statistics are 
gathered thorughout product life, in 
customer sockets, to provide detailed 
life-expectancy data for users world­
wide. 

Design considerations that affect IC 
reliability include process technology, 
circuit-element structure and charac­
teristics, circuit layout, assembly and 
packaging, and the final applications. 
Each phase is subject to critical 
analysis before product designs are 
accepted within Fujitsu. 

Reliable processes are insisted upon at 
the very start, based on statistics 
gained over the production of 
hundreds of millions of ICs. After 
sample lots of a new product have 
been made - on 'pilot' I ines - trial 
full-scale production is initiated. Three 
separate, major runs are undertaken 
for internal certification and approval. 
Product integrity is further assured 
during subsequent routine, full-scale 
manufacture by 100% in-process 
testing by Manufacturing, sample in­
process testing by QC and between­
process testing by QC and test-and­
inspection groups. 

Process mechanization helps reduce 
subjective variations implicit in 
human-supervised processes. Effec­
tive QC is further insured by regularly 
scheduled calibration of all jigs, tools, 

How to Use Catalog 

This is a comprehensive catalog of 
Fujitsu-America product data. Infor­
mation has been arranged by product 
area, as summarized in the condensed 
'Selector Guide' at the front, which 
contains specific help on how to find 
the detailed technical data within the 
catalog itself. Ordering, sales and 
warranty information is included, 
along with a brief discussion of FAI 
product reliability. More details on 
these aspects of doing business with 
FAI will be found in the Terms and 

Conditions of sale, accompanying each 
order accepted by FAI. A detailed 
brochure on reliability is available on 
request, and may be asked for using 
the business-reply cards at the back 
of this catalog. Our local representa­
tives appear on a separate list inserted 
into this catalog. 

All information is current as of the 
date on each individual product data 
sheet, but FAI reserves the right to 
change data without notice at any 
time. If you need a particular type of 

iii 
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meters, scales, gauges and test equip­
ment used in manufacture and QC 
measurement. Clean-room and DI­
water purity are similarly scrutinized. 
Lot assurance testing, failure analysis 
and similar programs are used exten­
sively, to maintain highest continuing 
standards. Worker discipline, at all 
manufacture, QC and final-test stages, 
also insures consistent quality. 

At Fujitsu, reliability is designed and 
manufactured into the product, not 
'burned in' or 'tested in' after the fact. 
For the user, the end result is remark­
able. Statistically, over hundreds of 
millions of device hours, Fujitsu ICs 
offer in-use failure rates as much as 
an order of magnitude lower than 
competitive devices of equivalent 
characteristics. 

IC product to replace one or more 
original FAI products already in your 
boards, please do not assume that the 
absence of the original type number 
from this catalog or the selector guide 
indicates obsolescence. New, improved 
devices having different type numbers 
are continually being introduced that 
provide superior performance or life, 
and may be fully compatible with 
earlier types. Consult your local 
representative, or FAI, in case of 
difficulty. 
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Ordering Information 
ORDERING 

All orders and inquiries should be 
addressed to our representative in 
your area, or to FAI at its offices in 
Santa Clara, California. We are not 
bound by your order until accepted, 
in writing, by an authorized FAI 
employee in Santa Clara. On accep­
tance, orders may not be cancelled 
in whole or in part, except on default 
of FAI. 

PRICES 

Prices are quoted FOB our offices in 
Santa Clara, and are subject to change 
without notice. Minimum charge per 
order is $50. 

TAXES 

All prices, orders and billings exclude 
'federal, state and local, sales, use and 
similar taxes, which will be invoiced 
as separate, additional items unless 
FAI receives proper tax-exemption 
certificates before shipment. 

PAYMENT 

Payment terms are net 30 days from 
invoice date, but customers will 
receive a 2% discount on payments 
received by FAI within 10 days. 
Interest on overdue accounts is 

charged at the rate of 10% per annum. 

SHIPPING 

All shipments are FOB our Santa 
Clara offices. If the shipping method 
is not specified by the purchaser, items 
will be shipped in the most advan­
tageous manner. 

RETURNS 

Products may be returned for adjust­
ment only with prior FAI approval in 
writing, and subject to our warranty 
terms and conditions. All returns to 
FAI must be prepaid. 

WARRANTY 

FAI warrants all its IC components 
against defects in materials and work­
manship for one year from delivery 
date. Our liability covers replacement, 
repair or credit for the original pur­
chase price provided FAI is notified 
promptly, in writing, of the defect 
discovered by the customer. Defective 
components must be returned within 
one year of delivery, prepaid, and 
should satisfy our examination to 
assure us that defects were not caused 
by improper use. 

PATENTS 

Customers are expected to hold FAI 

iv 

harmless against expenses, damages, 
costs or losses resulting from suits 
brought for infringements of patents, 
designs, trademarks, copyrights or 
trade names, or for unfair competition 
arising from FAl's compliance with 
the customer's designs, specifications 
or instructions. 

APPLICATIONS ENGINEERING 

FAI 's staff of applications engineers is 
available as a service to customers. The 
staff is fully experienced in applica­
tions for FAI products in virtually 
all computer, computer-peripherals 
and telecommunications uses. 

What is the best FAI memory device 
for your particular application? How 
can FAI memory-peripheral circuitry 
be planned and designed for efficiency 
and minimum parts types? What are 
the compromises in FAI part types 
between speed and cost in your 
particular application? Is there a 
better way FAI can suggest that will 
solve the specific memory or memory­
related design problem you're facing? 
These are the kinds of questions that 
the FAI Applications Engineering 
staff faces, and answers, every day. 
Both in Santa Clara and in Japan, the 
group is ready to serve you. 
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MOS Memories 

DYNAMIC RANDOM ACCESS MEMORIES 

Device Organi-
Number Descr1pt1on zat1on 

Silicon Gate NMOS 
M88107N 4096 Bit Dynamic High 4096x1 

E Speed with Single 
H Phase Clock 
y 

MB 8215E 4096 Bit Dynamic High 4096x1 
H* Speed with Single 

Phase Clock 

M88224N 4096 Bit Dynamic High 4096x1 
E Speed 
H* 

M88227N 4096 Bit Dynamic~ 4096x1 
E Speed (gated GAS, RA 

·H Only Refresh and Page 
Mode Capabd 1ty) 

M88116E 16K Bit Dynamic High 16384x1 
H Speed 
Y* 

STATIC RANDOM ACCESS MEMORIES 

Device Organi-
Number Descriptt0n zation 

Silicon Gate NMOS 
M88101N 1024 Bit Static RAM 256x4 

E* 

M88111N 1024 Bit Static RAM 256x4 
e· 

MB8102 1024 Bit Static RAM 1024x1 

MB B112N 1024 Bit Static RAM 256x4 
e• 

M8M2115N 1024 Bit Static Ultra 1024x1 
E Fast Low Power 
H 
y 

MBM 2125N 1024 Bit Static Ultra 1024x1 
E Fast Low Power 
H 
y 

M88114* 4096 Bit Static Ultra 1024x4 
Fast Low Power 

Access 
Time 
Max 
Ins) 

300 
250 
200 
150 

100 
70 

280 
230 
200 

250 
200 
150 

200 
150 
120 

Access 
Time 
Max 
Ins) 

450 
250 

450 
250 

450 

450 
250 

120 
95 
70 
45 

120 
95 
70 
45 

150 

Cycle Power 
Time Powe:- 01ssl- Clock Output Alternate 
Min 

Supplies pat1on Level Level Case Source 
IV) Max 

Ins) (mW) 

470 +12. ±5 680 MOS TTL DIP22-A I 2107B 
430 680 3-State Tl 4060 
400 680 
350 760 

220 +12, 530 MOS Current OIP22·A 
220 -5.2, 530 Mode -

+7 

450 +12. ±5 460 TTL TTL OIP16·A,8.0 MK 4096 
370 460 3-State 
350 460 

375 +12, ±5 470 TTL TTL OIP16·A,8,0 MK 4027 
375 470 3-State 
320 470 

375 +12, ±5 460 TTL TTL OlP1&-A,8 MK4116 
375 460 3-State 
320 460 

* Note: Coming Soon 

Cycle Power 
Time Power Dissi- Output Alternate 
Mm Supplies pat1on Level Case Source (V) Max 
Ins) (mW) 

450 +5 370 TTL OIP22·A 12101 
250 370 3-State 

450 +5 370 TTL OIP18-A I 2111 
250 370 3-State 

450 +5 370 TTL DIP Hl-A,8 I 2102 
3-State 

450 +5 370 TTL OIP1&-A, 8 I 2112 
250 370 3-State 

120 +5 340 TTL Dll'16·A, 8 I 2115 
95 340 Open-Drain 
70 520 
45 680 

120 +5 340 TTL DIP16•A,8 I 2125 
95 340 3-State 
70 520 
45 680 

150 +5 480 TTL OIPUl-A 12114 
3-State 

* Note: Coming Soon 

Interface Memory Compat1b1l1ty Table for Dynamic RAM's 

Driver Memory Sense Amp. 

TTL ECL Type Bits TTL ECL 

MB 8907P* - MB 8107 4096 NR -
NR - MB 8224 4096 NR -
- MB 8903/8909* MB 8215 4096 - MB8916 

NR: Not Required *Note: Clock Driver 

vi 

PG.NO. 

1·3 

1·11 

1·23 

1·32 

1·44. 

1-56 

1-64 

1-71 

1-79 

1-87 

1-94 
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READ ONLY MEMORIES 

Access Power Program· Power D1ss1-Device Description Organo· Time Supp hes pat1on ming 
Number zat1on Max (V) Max Time 

(ns) (mW) (sec) 

Silicon Gate NMOS 
M88518E 8192 Bot Erasable ROM 1024x8 650 +12. ±5 800 100 

H 450 (Typ) 

M88308N 8192 Bot Mask ROM 1024x8 450 +12, ±5 775 -E• 250 

Bipolar Memories 
RANDOM ACCESS MEMORIES 

Access Chop Power 
Time Select Power D1ss1-

Device Descr1pt1on 
Organi- Max Access Supply pat1on 

Input 
Number zat1on Time Level (Typ) Max (VI Max 

(ns) (ns) (mW) 

Bipolar 
MB7047 128 Bit ECL Ultra Fast 128x1 14 (9) 8.5 -5.2 520 ECL 

M87042 256 Bit ECL Ultra Fast 256x1 15 (9) 9 -5.2 750 ECL 

MBM 10410 256 Bit ECL 256x1 35(20) 12 -5.2 680 ECL 

MBM10416 1024 Bit ECL 1024x1 60(35) 30 -5.2 780 ECL 

MBM 104t5A 1024 Bot ECL 1024x1 35(25) 10 -5.2 780 ECL 

MBM 93416 1024 Bot TTL 1024x1 70(40) 40 +5 815 TTL 

MBM 93416A 1024 Bot TTL 1024x1 45(30) 30 +5 815 TTL 

Mll7071N 1024-Bit ECL 256x4 15(12) - -5.2 1000 ECL 
H 256x4 10 (7.5) 

M87072N 1024 Bit ECL 256x4 15(12) - -5.2 1000 ECL 
H 256x4 10 (7.5) 

PROGRAMMABLE READ ONLY MEMORIES 

Access Power Bot Pro· Chop Pro· 
Oevice Organo· Time Power D1ss1- gr8mm1ng gramming 
Nwnber Descnptoon 

zat1on Max Supply pat1on Tome Time 
(Typ) Max Typ (µs) Max(ms) 
(ns) (mW) 

Bipolar 

ll/llf7051 256 Bot TTL 32x8 75(40) +5 525 10 256 

MB7066 256 Bit TTL 32x8 75(40) +5 525 10 256 

MB7062 1024 Bot TTL 256x4 70(40) +5 685 10 1024 

M87067 1024 Bit TTL 256x4 70(40) +5 685 10 1024 

M87053 2048 Bot TTL 512x4 70(40) +5 735 10 2048 

MB7066 2048 Bot TTL 512x4 70(40) +5 735 10 2048 

M87064 4096 Bot TTL 1024x4 70 +5 685 10 4096 

MB706B 4096 Bot TTL 1024x4 70 +5 ,685 10 4096 
; 

MB7066 8192 Bit TTL 1024x8 250 +5 500 10 8192 

MB7060 8192 Bit TTL 1024x8 250 +5 500 10 8192 

vii 

Output 
Level 

TTL 
3·State 

TTL 
3·State 

Output 
Level 

ECL 

ECL 

ECL 

ECL 

ECL 

TTL 
Open Coll. 

TTL 
Open Coll. 

ECL 

ECL 

Output 
Level 

3·State 

Open Coll. 

3·State 

Open Coll. 

3·State 

Open Coll. 

3·State 

Open Coll. 

3..State 

Open Coll. 

Ca$EI Alternate 
Source 

_ _j 

OIP24·A I~ 

OIP24·8 12308 

*Note: Coming Soon 

Case 
Alternate 

Source 

OIP16-A,B MCM 10147 

OIP16-A.B MCM 10152 
MCM 10144 

011'18-A,B F 10410 

DIP16-A,8 F 10415 

DIP16-A.B F 10415A 

OIP16-A,8 F 93415 

OIPl6-A,B F 93415A 

011'24 -

OIP22-A -

Alternate 
Ca$EI Source 

filil't6=A,D,C IM5610 

OIP16-A,8,C IM 5600 

OIP16-A,B,C IM 5623 

DIP1&A,B.C IM 5603 

DIP16-A.B,C IM 5624 

DIP16-A,B,C IM 5604 

DIP1$-A,C IM 56S26 

DIP18-A,C IM 56506 
µPD406D 

DI~~ I 2708 

DIP24-8 -

PG.NO. 

1·99 

1-110 

2-4 
2-12 

2-20 

2-26 

2-34 

2-42 

2·50 

2·62 

2-74 

2-86 

2-98 
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Interface Devices 

MEMORY PERIPHERAL CIRCUITS 

MB8901 Quadruple TTL-MOS Level 
Shifter/Driver 

M88902 Quadruple TTL-MOS Level 
Sh 1fter /Driver 

MB8907P Quadruple TTL-MOS Level 
Shifter/Driver 

I MB8909 Dual 2 Input PoS1t1ve NOR 

I 
CM L to MOS Level Sh 1fter 

-------
MB8903 Quadruple 2 Input or ECL to 

MOS Level Shifter/Driver 

MB8911 Dual Line Receiver (TTL 
Compatible, Open Collector 
Output) 

MB8912 Dual D1g1t Driver/Sense 
Ampl1f1er (TTL Compatible) 

MB 8915 Dual D1g1t Driver/Sense 
Ampl1f1er (TTL Compatible, 
Open Collector Output) 

M88916 Dual Sense Amp I 1f1er with 

Read Strobe (ECL Compatible) 

PERIPHERAL INTERFACE CIRCUITS 

Device 
Description Number 

MB424 4 Bit Bus Driver/Receiver 

MB425 4 Bit B1d1rect1onal 
Bus Driver (non Inverting) 

MB426 4 Bit B1d1rect1onal 
Bus Driver (Inverting) 

MB471 8 Bit Input/Output Port 

MB485 Hex Three-State Buffer 

MB4B6 Hex Three-State Inverter 

M84B7 Hex Three-State Buffer 

MB488 Hex Three-State Inverter 

Signal 
Level 

TTL/MOS 

TTL/MOS 

TTL,DTL 
/MOS 

CM LIMOS 

EC LIMOS 

TTL 

TTL 

TTL 

ECL 

Logic 

NANO 

AND 

NANO 

NOR 

-
OR 

-

-

---j----

-

-

Supply 
Voltage 

(V) 

Vcc1=5 
Vcc2=9~17 

Vcc1=5 
Vcc2=9-17 

Vcc=5 
V 00=9-17 

Vcc=5 
v 00=7-13 

VEE=-5.2 

Vcc=5 
VEc-5.2 

Vcc=5 
VEE=-6.0 

Vcc=5 
VEE=-5.2 

Vcc=5 
VEE=-6.0 

Vcc=5 
VR=8 
VEE=-5.2 

Characteristics (TA=0-70°C) 

Character1st1cs 

tPHL =20nsMAX 
tp LH =23nsMAX 
(at CL =300pF, tc=600ns) 

tPHL =20nsMAX 
tPLH=23nsMAX 
(at CL =300pF, tc=200ns) 

tPHL =23nsMAX 
tPLH=27nsMAX 
(at CL =300pF) 

tPHL=17nsMAX 
tPLH=20nsMAX 
(at CL =300pF, tc=250ns) 

tpH L =18nsMAX 
tPLH=13nsMAX 
(at CL =300pF) 

tpH L =26nsMAX 

tPLH=28nsMAX 
(at CL =15pF) 

trd=22nsMAX 
(at CL =30pF) 

trd=27nsMAX 
(at CL =15pF) 

trd=5nsTYP 
(at CL =15pF) 

Signal 
Supply l l Power l Case Level Voltage Fan-Out Dissipation tpd 

(V) (mW/gate) 

TTL 5.0 10 L=40mA 
CL =300pF 

60 15 OIP1&-A,B,C,O 

TTL 50 10 L-50mA 
CL =300pF 

85 17 DIP1&-A,B,C,D 

TTL 5.0 10 L -50mA 
CL =300pF 

70 15 OIP1 B·A,a,c,o 

TTL 5.0 10 L=16mA 400* 20 DIP24·B 

TTL 5.0 loL=48mA 50 8 OIP16-A,a,C,D 

TTL 5.0 loL=48mA 40 8 DIP16-A,B,C,D 

TTL 5.0 loL=48mA 60 8 DIP16·A,B,C,O 

TTL 5.0 loL =48mA 50 8 OIP16-A,B,C,O 

Case 

DIP16·A,C 

DIP16·A,C 

DIP16-A,C 

DIP16·A,C 

DIP16·A,C 

DIP14·A 

DlP16·A,C 

DIP16-A,C 

OIP16-A,C 

Alternate 
Source 

8T26 

I 3216/8216 

I 3226/8226 

I 8212/3212 

8T95 

8T96 

8T97 

8T98 

* Note: Total Power Dissipation per Package 

viii 

PG.NO. 

3-3 

3-9 

3-15 

3-21 

3·25 

3-32 

3-36 

3-39 

3-54 

3-59 

3-69 

3-80 

3-91 

3-108 
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Pin Configurations 

MB 8901/8902/8907P 

Strobes 
Vet Vee 2A 28 N C 2Y 2G 

1A 18 NC lY 1G GND 

~s 
MB 8911 

MB424 

MB8909 MB 8903 

GND 2 0UT 10UT 1 RS 1 Vcc 2 tNt IN; VEE 

MB 8912/8915 MB 8916 

MB425 MB426 

ix 
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Pin Configurations (con't) 

MB485 MB486 MB487 

MB488 

x 
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Package Designs 

Case DIP14-A 
CERDIP 

Case DIP18-A 
Ceramic (Metal Seal) 

Case DIP22-A 
Ceramic (Frit Seal) 

Case DIP 16-A 
Ceramic ( Frit seal) 

Case DIP16-C 
CERDIP 

Case DIP18-B 
Molded Plastic 

Case DIP24-A 
Ceramic 

(with transparent lid) 

xi 

Case DIP16-B 
Ceramic (Metal Seal) 

Case DIP16-D 
Molded Plastic 

Case DIP18-C 
CERDIP 

Case DIP24-B 
Ceramic (Metal Seal) 



xii 
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4096-BIT DYNAMIC RANDOM ACCESS MEMORY 

The Fujitsu MB 8107 is a high speed 
4096-word by 1-bit dynamic random 
access memory (RAM) using N-channel 
silicon gate MOS processing tech­
nology with substrate biasing. The 
ME!o 8107 is designed for memory appli­
cations where low cost and large bit 
storage are important design objectives. 

The device is packaged in a ceramic, 
hermetically-sealed 22-pin dual-in­
line package, and its performance is 
specified over a temperature range of 
0°C to 70°C (ambient). Since the cell 
operation is dynamic storage, it 
requires periodic refreshing; in order 
to assure data retention at 70° C 

ambient, all combinations of addresses 
Ao to A5 must be exercised within 
2 milliseconds. 

• High-density 4096 x 1 organization 

• TTL compatible interface (except 
CE) 

• CS (Chip Select) lead simplifies 
memory expansion 

• Standard 22-pin DIP package 

• Fully decoded - on-chip address 
decode 

• Three-state TTL compatible output 

• Second source to 4060 and 2107 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Input/Output with Respect to VBB VIN· VouT -0.3 to +22 voe 

Voo. Vee and Vss with Respect - -0.3 to +22 voe 
to VBB 

Temperature Under Bias TA 0 to +70 cc 

Storage Temperature Tstg -65 to +150 oc 

Power Dissipation Po 1.25 w 

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. 
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PIN ASSIGNMENT 

Vss 22 Vss 

Ag 21 As 

A10 20 A1 

A11 19 As 

cs 18 Voo 

D1N 17 CE 

DouT 16 NC 

Ao 15 As 

A, 14 A4 

A2 13 A3 

Vee 12 WE 

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

RECOMMENDED DC OPERATING CONDITIONS (Referenced to Vss) 

Parameter Symbol Min Norn Max Unit 

Supply Voltage VDD 11.4 12.0 12.6 v 

Vee 4.75 5.0 5.25 v 

Vss -4.75 -5.0 -5.25 v 

Vss 0.0 0.0 0.0 v 

Input High Voltage V1H 2.4 - Vcc+1 v 

Input Low Voltage V1L -1.0 - 0.6 v 

CE Input High Voltage V1HC VDD-1 - VDD+t v 

CE Input Low Voltage V1LC -1.0 - 1.0 v 

DC CHARACTERISTICS 

Parameter Symbol Min Typ Max Unit 

Input Leakage Current (except CE) 
l1L .01 10 µA 

(CE= V1LC or V1HC· V1N = 0 ~ V1H) 
-

Input Leakage Current (CE) l1LC - .01 2 µA 

Output Leakage Current 
loL .01 10 µA 

(CE= v, LC or cs= V1H. VouT = 0 ~Vee) 
-

Output Low Voltage (loL = 2.2 mA) Vol 0.0 - 0.45 v 

Output High Voltage (loH = -2.2 mA) VoH 2.4 - Vee v 

VDD Supply Current (CE= -1.0 ~ .6 V, V1N = 0 ~ V1H) IDD1 - 110 200 µA 

V DD Supply Current (CE = V IHC , CS= V1 L) 
MB.8107N/E/H 

1DD2 
40 60 mA MB8107Y -
45 65 

Average V DD Current MB8107N/E/H 36 54 
1DDAV - mA 

(Min. Cycle t T = 20ns, TA= 25°C MB8107Y 38 60 

Vee Supply Current (CE= V1Lc or CS= V1H) Ice - .01 10 µA 

VB B Supply Current lss - - 100 µA 

Note: When chip is selected, Vee supply current is dependent on output loading; Vee is connected to the output buffer only. 

CAPACITANCE (TA= 25°C; f = 1MHz; VDD= 12V; V cc= 5V; v55 = OV; V BB= -5V) 

Parameter Symbol Typ Max Unit 

Address Capacitance, CS (V1N = Vss) CAD - 6 pF 

CE Capacitance (V1N = Vss) CcE - 25 pF 

Data Output Capacitance (VouT = OV) CouT - 7 pF 

D1N and WE Capacitance (V1N = Vss) C1N - 10 pF 

14 
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CURRENT CHARACTERISTICS 

(V) 

"~ 10 

I I CE 
5 

0 

(mA) 100 

80 

60 

loo 40 

20 1001 1002 

0 

(mA) 
10t A 

Ice 

-1: v 
(mA) 20 

~ 10 

lee 0 v -10 

-20 

0 100 200 300 400 

Time (ns) 

AC CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 

READ, WRITE and READ MODIFY WRITE CYCLES 

MB 8107N MB 8107E MB 8107H MB 8107Y 
Parameter Symbol Unit 

Min Max Min Max Min Max Min Max 

Time Between Refresh tREF - 2 - 2 - 2 - 2 ms 

Address to CE Set Up Time tAc 0 - 0 - 0 - 0 - ns 

Address Hold Time tAH 50 - 50 - 50 - 50 - ns 

CE Off Time tee 130 - 130 - 130 - 130 - ns 

CE Transition Time tT 10 40 10 40 10 40 10 40 ns 

CE Off to Output High Impedance State tcF 0 - 0 - 0 - 0 - ns 

Note: tAc is measured from end of address transition. 

1-5 
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READ CYCLE (CL= 50pF; Load= One TTL Gate; Ref= 2.0V; tAcC = tAc + tco + 1tT; tT = 20ns) 

MB 8107N MB 8107E MB 8107H MB 8107Y 
Parameter Symbol Unit 

Min Max Min Max Min Max Min Max 

Cycle Time tcv 470 - 430 - 400 - 350 - ns 

CE On Time tee 300 4000 260 4000 230 4000 180 4000 ns 

CE Output Delay tco - 280 - 230 - 180 - 130 ns 

Address to Output Access tACC - 300 - 250 - 200 - 150 ns 

CE to WE twL 0 - 0 - 0 - 0 - ns 

WE to CE On twc 0 - 0 - 0 - 0 - ns 

READ CYCLE TIMING DIAGRAM 

t-----------tcv------------i 

Address V1H 

& 
cs 

V1L 

V1Hc 

CE 

V1LC 

twc 
V1H• 

WE 

V1L 
t-------tco------i twL 

VoH 

DouT 

Vol 

-------tAcc------- tcF 

• Don'tCare 
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WRITE CYCLE (tT = 20ns) 

Parameter Symbol 

Cycle Time 

CE On Time 

WE to CE Off 

CE to WE 

D1N to WE Set Up 

D1N Hold Time 

WE Pulse Width 

Note: If WE is low before CE goes high, then D1 N must be 
valid when CE goes high. 

tcv 

tcE 

tw 

tcw 

tow 

toH 

twp 

MB 8107N 

Min Max 

470 -

300 4000 

180 -

150 -

0 -

0 -

70 -

WRITE CYCLE TIMING DIAGRAM 

MB 8107E MB 8107H 

Min Max Min Max 

430 - 400 -

260 4000 230 4000 

160 - 150 -

150 - 130 -

0 - 0 -

0 - 0 -

60 - 50 -

----------tcv-----------< 

Address V1H 

& 
cs 

V1H 

CE 

V1Lc 

V1H 

WE 

V1L 

D1N 

V1H 

V1L 

lAC 

toH 

MB 8107Y 
Unit 

Min Max 

350 - ns 

180 4000 ns 

130 - ns 

100 - ns 

0 - ns 

0 - ns 

50 - ns 

VoH ------
DouT 

Vol ------ _ _.... ___ ""-___ u_N_o_E_F1_N_Eo--+-~~~~~~+--""~~ 
tcF l:-~f 

D Don'tCare 
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READ MODIFY WRITE CYCLE (CL= 50pF; Load= One TTL Gate; Ref= 2.0V;tAcC =tAc +tco + 1tT: tT= 20ns) 

MB 8107N MB 8107E MB 8107H 
Parameter Symbol 

Min Max Min Max 

RMW Cycle tRWC 650 - 580 -
CE Width During RMW tcRW 480 4000 410 4000 

·we to CE On twc 0 - 0 -

WE to CE Off tw 180 - 160 -

WE Pulse Width twp 70 - 60 -
D1N to WE Set Up tow 0 - 0 -

D1N Hold Time toH 0 - 0 -
CE to Output Delay tco - 280 - 230 

Access Time tAcC - 300 - 250 

Note: WE must be at V1H until end of tco 

READ MODIFY WRITE CYCLE TIMING DIAGRAM 

Address 
& 
cs 

CE 

DouT 

tw 

twp 

tow 

Min 

520 

350 

0 

150 

50 

0 

0 

-
-

Notes: 1) V1LMAX is the reference level for measuring timing of the addresses, CS, WE, and D1N. 

2) V1HMIN is the reference level for measuring timing of the addresses, CS, WE, and DIN· 

3) Vss+ 2.0V is the reference level for measuring timing of CE. 

4) Voo- 2.0V is the reference level for measuring timing of CE. 

5) Vss+ 2.0V is the reference level for measuring the timing of Do UT. 

Max 

-
4000 

-

-
-

-

-

180 

200 

6) For refresh cycle row and column addresses must be stable before tAc and remain stable 
for entire tAH period. 
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MB 8107Y 
Unit 

Min Max 

470 - ns 

300 4000 ns 

0 - ns 

130 - ns 

50 - ns 

0 - ns 

0 - ns 

- 130 ns 

- 150 ns 

0 Don'tCare 



TYPICAL CHARACTERISTICS CURVES 
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Fig. 2 - 1002 vs TEMPERATURE 
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Fig. 7- MB 8107 BLOCK DIAGRAM 

Ao-~_,-------------, 
A, 1----~I---~ 
A2 Row Decode 
A3 and 64 
A4 Bu ff er Register I 

As-~,_----.---------' 

CE 
Timing Control 

Generator 

110 

DouT 

PACKAGE DIMENSIONS 

22-LEAD CERAMIC DUAL-IN-LINE PACKAGE 

(CASE DIP22-A) 

R~UVI '1 ~ J ~ ~ ~ ~ ~ l ~ ]}::O~I 
r--------1.010<21.18) I 

1.100(27.94) 

Memory 
Array 

64 x 64 

-------64-------

Column 
Amplifiers 

------64-------

Column Decode 
and 

Bu ff er Register 

_ -:_.,,..J.ao _ 9o 

~1 
.390 (9.91) 
.410 (10.41) 

l _l ---=====<1= 
. 008(0.20) 
.012(0.30) 

.075(1.91)[ 

.093(2.36) _i .180(4.57)MAX 

,~.050(1.27)MAX 

~ U .120 (3.05) 
. .140 (3.56) 

:~:~:~~: -H- .042<1.06) .020<0.51) 
.015(0.38) .062(l.58) .050(1.27) 
.023(0.58) 

t-----1.000(25.4)REF-----I 
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Dimensions in 
inches (millimeters) 

--Voo 
--Vee 
--Vss 
--Vss 

Circuit diagrams utiliz­
ing Fujitsu products are 
included as a means of 
illustrating typical semi­
conductor applications; 
consequently, complete 
information sufficient 
for construction pur­
poses is not necessarily 
given. The information 
has been carefully 
checked and is believed 
to be entirely reliable . 
However, no responsi­
bility is assumed for in­
accuracies. Further­
more, such information 
does not convey to the 
purchaser of the semi­
conductor devices de­
scribed herein any li­
cense under the patent 
rights of Fujitsu Limited 
or others. 
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MOS 4096-BIT 
DYNAMIC RANDOM 
ACCESS MEMORY 

4096-BIT HIGH-SPEED DYNAMIC RANDOM ACCESS MEMORY 

The Fujitsu MB 8215 is a high-speed 
4096-bit dynamic random access 
memory designed for main memory or 
similarly demanding applications. The 
device is organized as 4096 words by 
one bit and employs N-channel silicon 
gate processing technology, with sub­
strate biasing, for maximum device 
speed and excel lent speed power 
product. 

All address and control inputs are 
fully TTL compatible, with the 
exception of the single-phase, hi-level 
clock (CE). Outputs are differential 
and offer OR-tie capability. Also, a 
CS (Chip Select) lead is provided for 
simplification of memory expansion. 

The MB 8215 is packaged in a ceramic, 
h~rmetically-sealed 22-pin dual-in-line 

package. Performance for the device is 
specified over the 0° C to 70° C ambient 
operating temperature range. Since the 
cell operation is dynamic storage, 
periodic refreshing is required. In 
order to assure data at 70°C (ambient), 
all combinations of addresses Ao to 
A5 must be exercised within 2.0 ms. 

• 4096 words x 1 bit organization 

• High-speed access time of 70 ns typ. 
(100 nsmax.) 

• Minimum read cycle time of 220 ns 

• Single-phase, hi-level clock 

• TTL-compatible inputs 

• Differential outputs with OR-tie 
capability 

• CS (Chip Select) lead for simplified 
memory expansion 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Temperature Under Bias TA 0 to +70 oc 

Storage Temperature Tstg - 65 to +150 oc 

Inputs/Outputs with Respect to VBB VIN· VouT -0.3 to +22 VDC 

Supply Voo and VR with Respect 
- -0.3 to +22 VDC 

to VBB 

Supply Vss with Respect to VBB - -0.3 to +8 VDC 

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. 
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MB 8215E 

• Fully decoded 

• Standard 22-pin package 

PIN ASSIGNMENT 

Vss CE 

Vss Voo 
VR A4 

WE A3 

cs A1 

D1N As 

DouT Ai 

DouT Ao 

A6 Aio 

A1 A9 

As All 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields. However, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to this 
high-impedance circuit. 
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DC AND OPERATING CHARACTERISTICS 
(TA = 0°C ~ 70°C, Voo = +12V ± 5%, VR = +7V ± 5%, Vss = -5.2V ± 5%, Vss = OV) 

Parameter Symbol Min Typ Max Unit 

Input High Voltage V1H 2.4 - VR v 

Input Low Voltage V1L -1.0 - 0.6 v 

CE Input High Voltage V1HC Voo -1.0 - Voo+1.0 v 

CE Input Low Voltage V1LC -1.0 - 0.8 v 

Data Output Differential Current 
loo 500 - - µA 

(DouT. DouT = VR) 

Input Leakage Current 
l1L - - 10 µA 

(CE= V1HC or V1Lc. V1N = Vss to V1H) 

CE Input Leakage Current 
l1LC - - 10 µA 

(CE= V1Lc to V1Hc. V1N = V1L to V1H) 

Output Leakage Current 

(CE= V1Lc. V1N = V1L to V1H) loL - - 3 µA 
(CE= V1Lc to V1Hc. Vcs = V1H, V1N (except CS)= V1L to V1H) 

Voo Supply Current 
looL 400 µA 

(CE= V1Lc. V1N = Vss to V1H) - -

VR Supply Current 
IRL 100 µA 

(CE= V1LC, V1N = V1L to V1H) - -

Vss Supply Current 
lss 100 µA 

(CE= V1LC to V1Hc. V1N = V1L to V1H) - -

Voo Supply Current 
looH 15 25 mA 

(CE= V1Hc. V1N = V1L to V1H) 
-

VR Supply Current 
IRH 25 40 mA 

(CE= V1Hc. V1N = V1L to V1H) -

Voo Supply Current 
loo A 33 42 mA 

(tcv c = 220ns, tc E = 120ns) -

V R Supply Current 
IRA - 14 20 mA 

(tcvc = 220ns, tcE = 120ns) 

Vss Supply Current 
lssA - 60 200 µA 

(tcvc = 220ns, tcE = 120ns) 

1-12 
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AC CHARACTERISTICS 
ITA = 0°c-10°c, Voo = +12V ± 5%, VR = +7V ± 5%, Vee= -5.2V ± 5%, Vss = OVI 

READ, WRITE and READ MODIFY WRITE CYCLES (t,, tt.;::;;; 20ns) 

Parameter Symbol Min Typ Max Unit 

Time Between Refresh tR EF - - 2 ms 

Address to CE tAeE 0 - - ns 

Address Hold Time !AH 50 - - ns 

CE Off Time tee 100 - - ns 

CS to CE tesE 0 - - ns 

CE to CS teES 0 - - ns 

CE to WE teEw 0 - - ns 

Output Data Valid Time toov 0 - - ns 

READ and REFRESH CYCLES It,, tt ;:;;2ons; RL = 100Q; CL= 50pF) 

Parameter Symbol Min Typ Max Unit 

CE to Output Delay tAee - 70 100 ns 

CE On Time teE 120 - 3,000 ns 

WE to CE tweE 0 - - ns 

Read Refresh Cycle Time teve 220 - - ns 

WRITE CYCLE (t,, tf ;:;;2ons) 

Parameter Symbol Min Typ Max Unit 

CE to WE teEW 0 - - ns 

Write Width tw 80 - - ns 

Write Data Set Up Time tow 0 - - ns 

Write Data Hold Time teEO 0 - - ns 

CE On Time teE 100 - 3,000 ns 

Write Cycle Time teve 200 - - ns 

READ MODIFY WRITE CYCLE hr. tf;::;;; 20ns;·RL = 1oon; CL= 50pF) 

Parameter Symbol Min Typ Max Unit 

CE to Output Delay tAee - 70 100 ns 

Write Width tw 80 - - ns 

CE to WE teEW 0 - - ns 

Write Data Set Up Time tow 0 - - ns 

Write Data Hold Time teEO 0 - - ns 

CE On Time teE 200 - 3,000 ns 

Read Modify Write Cycle Time teveM 300 - - ns 

WE to CE tweE 0 - - ns 

1-13 



1111111111111111111111111111111111111111111111111111111 

Ft1JITSt1 

1111111111111111111111111111111111111111111111111111111 MB 8215E 

TIMING DIAGRAMS 

READ CYCLE 

WRITE CYCLE 

READ MODIFY WRITE CYCLE 

NOTE: 

Vss + 1.5V and Voo - 1.5V are 
the reference levels for measur­
ing the timing of CE. 0.6V and 
2.4 V are the reference levels for 
measuring the timing of CS, WE, 
D1 N, and all Addresses. 

Address 

CE 

Address ··.·.•x 
CE 

1-14 
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CURRENT CHARACTERISTICS 

CE _J \ 
-A[ loo 

looL looH 

_::l T T 

IR 
IRH 

__L 
Om A T 

10mA 

lss 

100 Om A 
J_ 

-10mA 

0 100 
Trme (ns) 

CAPACITANCE (f = 1MHz; Vss - Vss = 4.94V; Voo - Vss = 12.6V; V1N = Vssl 

Parameter Symbol Min Typ Max Unit 

Address Inputs CA - - 3 pF 

CE Input CcE - 33 40 pF 

WE, CS Inputs CwE. Ccs - - 6 pF 

D1N Input Co1N - - 3 pF 

DouT. DouT Coo.Coo - - 3 pF 

1-15 
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TYPICAL CHARACTERISTICS CURVES 
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Fig. 7-REFRESH TIME 
vs AMBIENT TEMPERATURE 
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TYPICAL TRANSIENT WAVEFORMS 
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FUNCTIONAL DESCRIPTION/ APPLICATIONS INFORMATION 
~----------------------------~--- -

FUNCTIONAL DESCRIPTION 
The MB 8215 4096-bit dynamic RAM 
uses four-transistor storage cells, fab­
ricated with N-channel silicon gate 
MOS technology. When the single hi­
level clock (CE) goes high, three 
internal clocks are brought from Vo o 
to Vss- When CE is low, these three 
clocks are brought to Vo 0 in prepara­
tion for memory operations. 

Read Cycle- Data held in the storage 
cells can be read through the DouT 
and DOUf lines when CS is low and 
WE (Write Enable) 1s high. When CE is 
brought high, the output state of the 
address buffers 1s made stable to select 
one word line out of the 64 lines 
available, and bring it from low to 
high. When the word line is high, the 
storage cells can sink current through 
either the bit-lines or bit-lrnes and the 
data in the cell is transfered to the 

Fig. 15-MB 8215 BLOCK DIAGRAM 

-EEEE1 
CE <:! 2 

CE 3 

64 x 32 bit 

Row Decode 

Bit Lme~Bit1984 

Bit Line~ 

sense amp I 1fier. 
Column decode operation is 1dent1cal 
wrth row decode: the column decoder 
selects one sense ampl1f1er out of 64 to 
transfer the data to the output buffer. 
DouT or DouT sinks current res­
pectively depending on whether the 
data in the memory cell is a "1" or 
"O". 

Write Cycle- Data can be written into 
the storage cell when CS and WE are 
low. When CE is hrgh, one cell is 
selected, as in the read cycle. During 
thrs period, the low state of WE 
activates the write-enable buffer to 
transfer the D1N signal to the cell via 
one write buffer whrch 1s selected out 
of the 64 lines available by the column 
decoder. 

INPUT/OUTPUT SIGNALS 
Chip Enable (CE)- CE rs a single-

1-19 
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() 
Q_ 
<:: 
3 
::> 

As 

phase, hr-level clock; all memory cy­
cles are initiated when CE goes high. 
CE Off Time (tee) must not exceed 
2.0ms (Ta=70°C); if rt does, cell data 
will not be retained, and internal 
circuits wrll not operate properly. CE 
must be brought from high to low at 
least once before a memory cycle. 

Chip Select (CS)- The CS signal con­
trols the write-enable and output buf­
fers, and it must be low during the 
read, wrrte, and read modify write 
cycles. When CS is hrgh, the rnput is 
disconnected, and the output is in the 
high impedance mode. Refresh can be 
achieved, even when CS is high, be­
cause the memory will function even 
though the write-enable buffers and 
output buffers are not operated. 

Write Enable (WE)- When WE 1s hrgh, 
the memory rs in the read operation, 
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while WE low indicates the write 
operation is taking place. For the read 
modify write operation, a combination 
of WE high (for reading data) and low 
(for writing new data) is required. 

Data In (D1N)- When CE 1s brought 
to high with WE low, or when WE 1s 
brought to low with CE high, the D1N 
signal can be transfered to the cell. 
Therefore, the DiN signal must remain 
valid when CE 1s high and WE 1s low. 

Data Out (DouT). Data Out 
(DouT )- The output 1s a differential 
current sink type which requires the 
use of a differential sense amplifier 
(Fujitsu MB 8916 or equivalent), with 
resistors positioned as shown in Figure 
17 (Access Time Measuring Circuit dia­
gram). When D1N is high, DouT sinks 

greater current than Do UT; under 
reversed conditions, the opposite is 
true. During CE and WE high, DouT 
and DouT hold the above-mentioned 
state. Then, as WE is brought low, 
newly stored data is brought out 
through DouT and DouT· When CE 
is low (or CS high), DouT and DouT 
are in the high impedance state, and 
even if CE goes high with CS low, this 
state will remain until data 1s trans­
ferred to DouT and Do UT· 

Addresses- The addresses are latched 
in the address buffers when CE 1s 
brought high. For normal operation, 
the addresses must be stable during the 
specified time tA H (address hold 
time). 

Fig. 16-SYSTEM INTERFACE (TTL) 

Din 7 Din 6 O in 5 D in 4 D in 3 Din 2 Din 1 Din 0 

11 11 11 11 

D ~~t 7 D ~~t 6 D ~~t 5 D ~~t 4 
'' 11 

D out 3 
11 

D ~~t 2 

D out 0 

APPLICATIONS INFORMATION 

Refresh- Refresh can be accomplished 
during any of the read, write, or read 
modify write cycles. In the case of the 
refresh cycle, CS can be in either state 
during the read cycle, but it must be 
high during the write and read modify 
write cycles. The memory is refreshed 
by selecting each of the 64 row ad­
dresses (A 0 to A 5 ) every 2.0ms. Dur­
ing minimum read cycle operation 
(i.e., tcv c = 220ns) the time ratio of 
refreshing to total operation 1s about 
0.7%. 

Power Dissipation- The MB 8215 has 
a maximum power dissipation of 680 
mW (500mW typical). In stand-by 
mode, this is reduced to approximately 
6.4mW. 

16K words x 8 bit 
Memory Array 

-voo 
-VR 
--Vee 
-Vss (GROUND) 
--Vss 

NOTES: 1) MB 8901: FUJITSU Quad 2-lnput NANO TTL 
to MOS Level Shifter/Driver, similar to SN-
75361 /75365 or equivalent. 

2) MB 8912: FUJITSU Dual Sense Amp (TTL 
Output), or equivalent. 
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ACCESS TIME MEASURING 
CIRCUIT 
The MB 8215 has d1fferent1al outputs 
which require a d1fferent1al sense 
amplifier and load resistors connected 
to interface with the external c1rcu1t. 
Measurement of the access time can be 
accomplished by latching the output 
data in an external c1rcu1t. Access time 
1s then calculated by measuring the 
time between the rising edge of CE 
and rising edge of the latch (Cc), and 
then substract1ng the delay time intro­
duced by the sense ampl1f1er c1rcu1t. 
In order to measure access time with a 
d1fferent1al current between Do UT 
and DouT of 200µA, a 200µA source 
should be connected as shown 1n 
Figure 17, with the· off-set current 
injected between A and B. 
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---·--~~------ - ., ______ ----·----·------

Fig. 17-ACCESS TIME MEASURING CIRCUIT 
MB 8215 

DouTr----+----<>--_, 
DouTr------r---< 

,--------
1 A 
I 
I 
I 
I 
I s~-----~ 
L ____________ _j 

Fig. 18-SYSTEM INTERFACE (ECL) 

MC 10131 or eq 

Data 

CC: (latch) 

i RL~ 100'2 II 

LG_L:_~ 50pl'_i 

Dm7 Dm6 Dm5 Dm4 Dm3 Dm2 Dm1 DmO l~K words x 8 b;0 I 
Memory Array . . [ 

______ _J 

At2 
Ai3 

or eq. 

-c:__ ___ CE Strobe 

-fil--ch1p Select 
-W-Write Enable 

--voD 
--VR 
--Vee 
--Vss (GROUND) 
--Vss 

D out 7 D out 6 D out 5 D out 4 D out 3 D out 2 D out 1 

NOTES: 1) MB 8903: FUJITSU Quad 2-lnput OR ECL to 
MOS Level Shifter/Driver, similar to MC 10177 
or equivalent. 

2) MB 8909: FUJITSU Dual 2-lnput Positive NOR 
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ECL to MOS Level Shifter/Driver, similar to 
MC 10127 or equivalent. 

3) MB 8916: FUJITSU Dual Sense Amp ECL Out­
put, or equivalent. 
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PACKAGE DIMENSIONS 

22 

R.050(1.27)R 

~ D 
1 

22-LEAD CERAMIC DUAL-IN-LINE PACKAGE 

(CASE DIP22-A) 

12 1-. 

11,_ 

1.070(27.18) 
1.100(27.94) 

.380(9.65) 
396(10.06) 

--.::-.=..:::'..:i---\,o ,....., 9 o 

~l 
.390(9.91) 

~=====l~J"' • .008(0.20) 
.012(0.30) 

.075(1.91)1~ .093(2.36) _l .180(4.57) MAX 

I 

.02~(0.51) j .140(3.56) 

.050(1.27) j .120(3.05) 
.090(2.29)----1--,_ I j 1 

.110(2.791 f-~ J-.015(0.38) --j f--.042(1.06) 
.023(0.58) .062( 1.58) 

1.000(25.4)REF 
Dimensions in 
inches (millimeters) 

Circuit diagrams utilizing Fujitsu products are included as a 
means of illustrating typical semiconductor applications, conse· 
quently, complete information sufficient for construction pur­
poses 1s not necessarily given. The information has been carefully 
checked and is believed to be entirely reliable. However, no 
responsibility is assumed for inaccuracies. Furthermore, such 
information does not convey to the purchaser of the semicon­
ductor devices described herein any license under the patent 
rights of Fujitsu Ltd. or others. 
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MOS 4096-BIT 
DYNAMl1C RANDOM 
ACCESS MEMORY 

4096-BIT DYNAMIC RANDOM ACCESS MEMORY 

The Fujitsu MB 8224 is a 4096-word 
by 1-bit dynamic N-channel MOS 
RAM. It is designed for memory 
applications where very low cost and 
large bit storage are important design 
objectives. 

A unique multiplexing and latching 
technique for the address inputs 
permits the MB 8224 to be packaged 
in a standard 16-pin 0 IP configuration. 
This package size provides for high 
system bit densities. 

The MB 8224 uses a single-transistor 
cell to achieve high speed and low 
cost. However, cell operation is 
dynamic storage, thus, requiring 
periodic refreshing. Each of the 64 
row addresses must be refreshed every 
2 milliseconds. 

• 4096 words x 1 bit organization 

• Silicon gate, N-channel MOS 
technology 

• Access time: 
200 ns max (MB 8224H) 
230 ns max. (MB 8224E) 
280 ns max. (MB 8224N) 

• Read cycle time: 
340 ns min.(MB 8224H) 
370 ns min. (MB 8224E) 
450 ns min. (MB 8224N) 

• Two low-voltage clocks 

• All inputs TTL compatible 

• Output three-state TTL compatible 

• CS (Chip Select) lead simplifies 
memory expansion 

• Full on-chip address decode 

• Low power dissipation of 470 mW 
(max.) 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Voltage on any pin relative to 
VIN· VouT -0.3 to +20 voe 

VBB (Vss - VBB;;;,, 4.5V) 

Operating temperature range TA 0 to +70 oc 

Storage Temperature Tstg -65 to +150 oc 

Power Dissipation Po 1.0 w 

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. 

1-23 

MB 8224N/E/H 

• Standard 16-pin DIP package 

• Interchangeable with MK4096, 
MK4027, MCM6604, Intel 2104 

PIN ASSIGNMENT 

Vss Vss 

D1N eAS 

WE 3 DouT 

RAS Cs 

Ao 5 AJ 

A1 11 A4 

A1 7 As 

Voo 8 Vee 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields. However. it is 
advised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high­
impedance circuit. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 11111!1111 
(Recommended DC operating conditions and full operating temperature range unless otherwise noted.) 

RECOMMENDED DC OPERATING CONDITIONS 

Parameter lllmDI Symbol Min Typ Max Unit 

Supply Voltage w Voo 10.8 12.0 13.2 v 
Supply Voltage II Vee 4.5 5.0 5.5 v 
Supply Voltage Vss - 0.0 - v 
Supply Voltage [il Vee -4.5 -5.0 -5.5 v 
Input High Voltage illl V1H 2.4 - Vee+1.0 v 
Input Low Voltage V1L -1.0 - 0.8 v 

DC CHARACTERISTICS 

Parameter - Symbol Min Typ Max Unit 

Output High Voltage (1 0 H= -5.0mA) VoH 2.4 - Vee v 

/ 
Output Low Voltage (1 0 L = 2.0mA) VOL - - 0.4 v 

Input Leakage Current llL - - 10 µA 

Output Leakage Current for high impedance state (CS=V1H) loL - - 10 µA 

MB 8224N IDD1 - - 1.5 mA 
V DD Supply Current 

MB8224E IDD1 1.5 mA - -
(RAS, CAS = V1H, chip deselected) 

MB8224H IDD1 - - 2.0 mA 

Average VDD Current (minimum cycle) IDD2 - - 35 mA 

Average VDD Current (RAS only refresh cycle) IDD3 - - 25 mA 

MB8224N IBB - - 75 µA 

Average V BB Current MB 8224E IBB - - 75 µA 

MB8224H IBB - - 150 µA 

Vee Supply Current (CS= V1H) Ill Ice - - 10 µA 

CAPACITANCE (TA = 25 °C) 

Parameter Symbol Min Max Unit 

Input Capacitance (A0 ~As, WE, CS, D1N) C11 - 7 pF 

Input Capacitance (RAS, CASI C12 - 10 pF 

Output Capacitance Co - 8 pF 

1-24 
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Fig. 1 - MB 8224 BLOCK DIAGRAM 
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AC OPERATING CONDITIONS AND CHARACTERISTICS~ 
(Recommended DC operating conditions and full operating temperature range unless otherwise noted.) 

READ, WRITE, READ MODIFY WRITE and RAS ONLY REFRESH CYCLES (tT = 10 nsl 

MB 8224N MB 8224E MB 8224H 
Parameter 

INOTESI Min Max Min Max Min Max 
Unit 

i---------------------t----------t------+------t--------t----r---t-----t--___, 
Time Between Refresh tREF - 2 2 2 ms 

RAS Precharge Time 150 120 120 ns 

RAS to CAS Lead Time 95 2000 80 2000 70 2000 ns 

RAS Hold Time tcR 175 140 120 ns 

CAS to RAS Lead Time [§] tcRL 40 40 40 ns 

Address Set Up Time 0 0 0 ns 

Address Hold Time 85 70 60 ns 

Output Deselect Time tQFF 0 100 0 85 0 75 ns 

Data Out Hold Time 2 2 2 ms 

Rise and Fall Time 5 50 5 50 5 50 ns 

1-25 
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READ CYCLE (tT = 10ns) 

MB 8224N MB 8224E MB8224H 
Parameter Symbol Unit 

il'IMl!I Min Max Min Max Min Max 

Read Cycle Time tcvc 450 - 370 - 340 - ns 

RAS Pulse Width 11.l tRPW 280 32000 230 32000 200 32000 ns 

CAS Pulse Width tcpw 175 - 140 - 120 - ns 

Read Command Set Up Time tRcs 0 - 0 - 0 - ns 
f-------·---

Read Command Hold Time tRCH 30 - 30 - 30 - ns 

Access Time from RAS (CL = 50pF) Ill tRAC 280 - 230 - 200 - ns 

Access Time from CAS (CL = 50pF) tcAC 175 - 140 - 120 - ns 

Read Cycle Timing Diagram 

Address 

DouT 

[21 Don't Care 

REFRESH CYCLE 

Refresh of the cell matrix is accomplished by performing a memory cycle at each of the 64 row addresses every 2 milli-seconds 
or less. Any read, write or read modify write cycle will refresh a selected row. RAS only refresh cycle is also used to refresh 
a selected row with reducing power dissipation. However, prior to the first cycle following a period (beyond 2ms) of "RAS 
only refresh", a memory cycle employing both RAS and CAS must be performed with CS high level (chip non-select mode) 
to insure proper device operation. And if a write or read modify write cycle is used to refresh a row, the chip must be 
deselected (CS high) to prevent writing data into the selected cell. 

1-26 
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WRITE CYCLE (tT ~ 10ns) 

MB 8224N MB 8224E MB 8224H 
Parameter Symbol Unit 

mmsJ Min Max Min Max Min Max 

Write Cycle Time tcvc 450 - 370 - 340 - ns 

RAS Pulse Width tRPW 280 32000 230 32000 200 32000 ns 

GAS Pulse Width tcpw 175 - 140 - 120 - ns 

Write Command to GAS Lead Time tcwL 175 - 140 - 120 - ns 

Write Command Hold Time twcH 130 - 110 - 100 - ns 

Write Command Pulse Width twp 130 - 110 - 100 - ns 

Data In Set Up Time ll!I tos 0 - 0 - 0 - ns 

Data In Hold Time ll!I toH 150 - 140 - 100 - ns 

Write Cycle Timing Diagram 

..__---tcR-----t-
>------tcpw,---- ,---------

Address 

tQFF 

D Don't Care 
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READ MODIFY WRITE CYCLE (tT = 10ns) 

MB 8224N MB8224E MB8224H 
Parameter Symbol Unit 

ll'lll'.ESI Min Max Min Max Min Max 

Read/Write Cycle Time tcvc 635 - 520 - 470 - ns 

RAS Pulse Width Im tRPW 465 32000 380 32000 330 32000 ns 

CAS Pulse Width tcpw 360 - 290 - 250 - ns 

Write Command to CAS Lead Time tcwL 175 - 140 - 120 - ns 

Write Command to RAS Lead ,Time twR 175 - 140 - 120 - ns 

Write Command Pulse Width twp 130 - 110 - 100 - ns 

Read Command Set Up Time tRCS 0 - 0 - 0 - ns 

Modify Time tMOD 0 - 0 - 0 - ns 

Data In Set Up Time tos 0 - 0 - 0 - ns 

Data In Hold Time toH 150 - 140 - 100 - ns 

Access Time from RAS (CL = 50pF) tRAC 280 - 230 - 200 - ns 

Access Time from CAS (CL = 50pF) tcAC 175 - 140 - 120 - ns 

Read Modify Write Cycle Timing Diagram 

Address 

DQUT 

CJ Don'tCare 
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RAS ONLY REFRESH CYCLE (tT; 10ns) 

MB 8224N 
Parameter Symbol 

Min Max 

RAS Only Refresh Cycle Time tcvc 450 -

RAS Pulse Width tRPW 280 32000 

Address 

RAS Only Refresh Cycle Timing Diagram 

Prior to the first cycle following a period (beyond 2 ms) of 
"RAS only refresh", a memory cycle employing both RAS and 
CAS must be performed with CS high level (chip non-select 
mode) to insure proper device operation. 

NOTES: 1) All voltages referenced to Vss. VB B must be applied before 
(and removed after) other supply voltages. 

2) Device speed is not guaranteed at input voltages greater than 
TTL levels (0 to 5.5V). 

3) When chip is selected, Vee supply current is dependent on 
output loading; Vee is connected to the output buffer only: 

4) V1H (min.) and V1L (max.) are reference levels for measuring 
the timing of input signals. Transition times (tT) are also 
measured between V 1 H and V 1 L. 

5) tRCL; tAH + 1tT. 

6) When tcR > tcR (min.) and tcpw > tcPw (min.). tcRL (min.) 
is defined by tcpw-tcR· (Read or write cycle) 
And when twR> twR (min.) and tcwL > tcwL (min.). tcRL (min.) 
is defined by tcwL - twR. (Read Modify Write Cycle) 

7) tRPW ~!RAC· 
8) tRAC (min.) ; tRcL (min.)+ 1tT + tcAc (min.). Then if tRcL 

>tRcL (min.), tRAC will be greater by the amount tRcL exceeds 
tRcL (min.). 

9) These parameters are referenced to CAS leading edge in random 
write cycles and to WE leading edge in delayed write or read­
modify-write cycles. 

10) tRPW ~ tRAC + tMoO + 1tT + twR· 

1-29 
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MB 8224E MB 8224H 
Unit 

Min Max Min Max 

370 - 340 - ns 

230 32000 200 32000 ns 

D Don'tCare 
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TYPICAL CHARACTERISTICS CURVES 

~ 
E i= 1.2 
z 

Fig. 2 - loo NORMALIZED 
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PACKAGE DIMENSIONS 

16-LEAD CERAMIC DUAL-IN-LINE PACKAGE 
(CASE DIP16-A) 

__l 

R .040 (1.0) R~ 91.287 (7.29) 

I>' .299 (7 .59) 

--_,;=-~Jo·: "-"' 
l 310 (7.87) 

.Q70 (1.78)f 

.088 (2.24)j_ 

~1::=---.;:=i===;:::=r===;:::=r==c=oo==c=o;=~,,-~8 _J ~=====o:= 

i:oo8 (o.2ol 
.012 (0.30) 

.760 ( 19.30) 

.800 (20.32) I 

I 
_j_.160 (4.06) MAX 

.120 (3.05) 
140 (3.56) 

Dimensions in 
inches (millimeters) 

Circuit diagrams utilizing Fujitsu products are included as a 
means of illustrating typical semiconductor applications; conse­
quently, complete information sufficient for construction pur­
poses 1s not necessarily given. The information has been carefully 
checked and is believed to be entirely reliable. However, no 
responsibility is assumed for inaccuracies. Furthermore, such 
information does not convey to the purchaser of the semicon­
ductor devices described herein any license under the patent 
rights of Fujitsu Limited or others. Fujitsu Limited reserves the 
right to change device specification. 
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MOS 4096-BIT 
DYNAMIC RANDOM 
ACCESS MEMORY 

4096-BIT DYNAMIC RANDOM ACCESS MEMORY 

The Fujitsu MB 8227E/H is a fully 
decoded, dynamic NMOS random 
access memory organized as 4,096 
one-bit words. The design is optimized 
for high-speed, high-performance 
applications such as mainframe 
memory, buffer memory, peripheral 
storage and environments where low 
power dissipation and compact layout 
is required. 

Multiplexed row and column address 
inputs permit the MB 8227 to be 
housed in a standard 16-pin DIP. 
Pin-outs conform to the accepted 
industry standard. 

The MB 8227 is fabricated using 
silicon-gate NMOS and Fujitsu's 
advanced Double-Layer Polysilicon 
process. This process, coupled with 
single-transistor memory storage 
cells, permits maximum circuit 
density and minimal chip size. 
Dynamic circuitry is employed in the 
design, including the sense amplifiers. 

Clock timing requirements are non-

critical, and power supply tolerances 
are 10%. All inputs are TTL com­
patible; the output is three-state 
TTL. 

• 4,096 x 1 RAM, 16-pin package 

• Silicon-gate, Double Poly NMOS, 
single transistor cell 

• Row access time, 
150 ns max.(MB 8227H) 
200 ns max. (MB 8227E) 
250 ns max. (MB 8227N) 

• Cycle time, 
320 ns min.(MB 8227H) 
375 ns min. (MB 8227E/N) 

• Low power: 462 mW active, 27 
mW standby (maxl 

• 10% tolerance on +12V, ±5V, 
supplies 

• All inputs TTL compatible, low 
capacitive load 

• Three-state TTL compatible output 

• "Gated" CAS 

• 64 refresh cycles 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Voltage on any pin relative to Vas V1N, VouT -0.5to +20 v 
Voltage on Voo. Vee supplies 

Voo. Vee -0.5 to +15 v relative to Vss 

Vas -Vss !Voo - Vss > ov1 - 0 v 
Storage Tempereture Tstg -55 to +150 oc 
Power Dissipation Po 1.0 w 
Short circuit output current - 50 mA 

Note: Permanent damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded.IFunctional 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. 
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• Output latched and valid into next 
cycle 

• Read-Modify-Write, RAS-only 
refresh, and Page-Mode capability 

• On-chip latches for Addresses, 
Data-out, Data-in, and Chip-Select 

• Compatible with MK4027 

PIN ASSIGNMENT 

Vee Vss 
D1N 2 CAS 

WE 3 DouT 

RAS 4 cs 
Ao 5 A, 

A, 6 11 A. 

A, 7 A, 

8 Vee 

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 applications of any type of voltage 
higher than maximum rated voltages to this 
high impedance circuit. 
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Fig.1- MB 8227 BLOCK DIAGRAM 

l-
CLOCK GEN 

b-No.1 

WAITE 
t--CLOCKS 

CLOCK GEN ,--No 2 

CLOCK GEN 

~ No.3 

COLUMN ADDRESS BUFFER r--& DECODERS 

t-- DUMMY CELLS .--- DATA IN t--BUFFER 
,---

Ao 

a: -------------
w 

A 

u.., 
MEMORY ARRAY "-a: 

::lw t-t-"'o 
2 <nO DATA OUT t--°'" SENSE REFRESH AMPS BUFFER ww 

a:o g.., 
<( 

~ 
0 MEMORY ARRAY a: 

As 
j 

t-- DUMMY CELLS 

l 

CAPACITANCE (TA= 2s0 c1 

Parameter Symbol Typ Max Unit 

Input Capacitance Ao - As, D1N, CS C1N1 - 5 pF 

Input Capacitance RAS, CAS, WE C1N2 - 10 pF 

Output Capacitance DouT CouT - 7 pF 
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RECOMMENDED OPERATING CONDITIONS 
(Referenced to Vssl 

Parameter lliIDIESI Symbol Min Typ 

Supply Voltage ill Voo 10.8 12.0 

Iii~ Vee 4.5 5.0 

111 Vss 0 0 

ill VBB -4.5 -5.0 

Input High Voltage RAS, CAS, WE 111 VIHC 2.4 

Input High Voltage except 
111 V1H 2.2 

RAS, CAS, WE 

Input Low Voltage, all inputs Iii V1L -1.0 

STATIC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter INO.tE:Sl Symbol 

OPERATING CURRENT 1001 
Average power supply current (RAS, CAS cycling; tRc min) IBB1 

STANDBY CURRENT 

Power supply current (RAS = CAS =Vi He, output disabled) 
1002 

REFRESH CURRENT 

Average power supply current (RAS cycling, CAS = V 1Hc; tRc min) 
1003 

Vee POWER SUPPLY CURRENT (CS= V 1H) ~ Ice' 

INPUT LEAKAGE CURRENT 

Input leakage .:urrent, any input (V 88 = -5V, OV.;;; v1N.;;;1v, all other l1L 
pins not under test= OV) 

OUTPUT LEAKAGE CURRENT 

(Data out is high impedance state, CS= V 1H) loL 

OUTPUT LEVELS 

Output high voltage OoH = -5mA) 
VoH 

Output low voltage (1 0 L = 3.2mA) VoL 

Notes: 

Max Unit 
Operating 

Temperature 

13.2 v 
5.5 v 
0 v 

-5.5 v 
0°C to +70°C 

7.0 v 

7.0 v 

0.8 v 

Min Max Units 

35 mA 

300 µA 

2.0 mA 

25 mA 

-10 10 µA 

-10 10 µA 

-10 10 µA 

2.4 v 
0.4 v 

1) All voltages are referenced to Vss· 
2) Output voltage will swing from Vss to Vee when 

activated with no current loading. For purposes of 
maintaining data in the standby mode, Vee may be 
reduced to V ss without affecting refresh operations or 

data retention. However, the VoH (min) specification 
is not guaranteed in this mode. 
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3) When Data out is enabled, V cc power supply current 
depends upon output loading; Vee is connected to the 
output buffer only. 



1111111111111111111111111111111111111111111111111111 

FUJITSU 

MB 8227 N/E/H 1111111111111111111111111111111111111111111111111111 

DYNAMIC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

MB 8227E 
Parameter 

~Time between Refresh 'REF T 1 2 

e-' _R_an_d_o_m_R_e_ad_IW_r_it_e_C_y_c_le_T_i_m_e ___________ --+--',RR. WC c --~.'. 4~.2705 ·\-:__+------+-----+-----
Read-Write Cycle Time -r--

f-------------------·------r-· -----+--------+-----r------r----

Access Time_fr_o_m_R_A_S _________ 1ZJ ~ 'RAC l 200 

135 Access Time from CAS ~ ~ 'CAC 11 

f---------------·---------·-=- ---r--i---r-----r-----,----,----
Output Buffer Turn Off Delay 'OFF , 50 

l----------------------~--------------1-------1----r-----r-----

Transit1on Time tT l 3 

RAS Precharge Time 

RAS Pulse Width I 'RAS I 200 

j_ 120 

RAS Hold Time 

CAS Precharge Time 

CAS Pulse Width 

RAS to CAs Delay Time 
f------------ ----

GAS to RAS Precharge Time 

Row Address Set Up Time 

Row Address Hold Time 

1RSH 

tcp 

'CAS 

1RAH 

Column Address Set Up Time 'ASC 

Column Address Hold Time 'CAH 

Column Address Hold Time Referenced to RAS 'AR 

Chip Select Set Up Time tcsc 

Chip Select Hold Time tcH 

Chip Select Hold Time Referenced to RAS tcHR 

Read Command Set Up Time 'RCS 

Read Command Hold Time 1RCH 

Write Command Set Up Time twcs 

Wnte Command Hold Time twcH 

Wnte Command Hold Time Referenced to RAS twcR 

Write Command Pulse Width 

Write Command to RAS Lead Time 

Wnte Command to CAS Lead Time tcwL 

Data In Set Up Time 1os 

Data In Hold Time toH 

Data In Hold Time Referenced to RAS 

CAS to WE Delay tcwo 

RAS to WE Delay 

Data Out Hold Time tooH 

1-35 

135 

80 

135 

25 

0 

0 

25 

-10 

55 

120 

-10 

55 

120 

0 

0 

0 

55 

~ 120 

55 

I 
135 

135 

0 

55 

120 

80 

145 

32 

50 

32000 

------

65 
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Notes: 
4) Several cycles are required after power up before pro­

per device operation is achieved. Any 8 cycles which 
perform refresh are adequate for this purpose. 

5) Dynamic measurements assume tT;5ns. 
6) V1Hc (min) or V1H (min) and V1L (max) are reference 

levels for measuring timing of input signals .. Also, 
transition times are measured between V 1 H c or V 1 H 
and V1L-

7) Assumes that tRco.,;;tRcD (max). If tRco is greater 
than the maximum recommended value shown in this 
table, !RAC will increase by the amount that tRcD 
exceeds the value shown. 

8) Assumes that tRco;;.tRco (max). 
9) Measured with a load equivalent to 2 TTL loads and 

100pF. 

10) Operation within the tRcD (max) limit insures that 
tRAC (max) can be met. tRco (max) is specified as a 
reference point only; if tRcD is greater than the spe­
cified tRcD (max) limit, then access time is controlled 
exclusively by tcAC· 

11) tw cs. tcw o and tR w o are not restrictive operating 
parameters. They are included in the data sheet as 
electrical characteristics only. If twcs;;.twcs (min). 
the cycle is an early write cycle and DouTwill con­
tain the data written into the selected cell. 
If tcwo;;.tcwo (min) and tRwo;;.tRwo (min). the 
cycle is a read-write cycle and data out will contain 
data read from the selected cell. If neither of the above 
sets of conditions is satisfied, the condition of the data 
out is indeterminate. 

Read Cycle Timing Diagram 

>----~-t ASH----< 

V1Hc-
----+-1-------~ i---~-tcAs 

V1L -

tASR 

WRITE V1Hc------t----i.---:--.,.-------------..,_---..,... 

V1L- -------" 

tcsc 

cs V1L-

V1H------t----""-----...._.._ __ .......,~_....-__ ..__... __ _ 

DouT VoH 

VoL-------------J 

EiJ Don't Care 
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Write Cycle (Early Write) 
,__ ________ ,RC----------< 

.--------tRAS------< 

tAR~ 
RAS 

V1Hc-
V1L-

CAS 
VIHC-
V1L-

ADDRESSES ~::~ 

DouT 

V1HC-

V1L- ----+--+--"'----'---'1-------1-------

V1H-

V1L-----+---" '-,.---"'"""'-'---'I'------------

V1H­

VtL-----t:===:t;:;;;;;:===r-----------

Read-Write/Read-Modify-Write Cycle 
.-------------tAwc---------------< 
f-------------tRAS-------- .,.---"°'I 

t----~----tRSH-----___, 

---+--------tCAS--------; 
'"' 

•os~~ 

================================~============== 

D Don't Care 

D Don't Care 
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"RAS-ONLY" Refresh Cycle 

NOTE: DouT remains unchanged from previous cycle. 

ADDRESSES VtH­
V1L~ 

V1H­

Page Mode Read Cycle 

D Don't Care 

'"" 

V1L-~·~-+~-L--'--'--~~~._""1---'-L...C~~~..o;..~ ~~~~~""--+~~..._~~--.-

DouT 

mll Don't Care 
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Page Mode Write Cycle 

RAS 

ADDRESSES ~:~~ 

cs V1H­

V1L---+--"-----'~---''1-'-----'~-H-_._'-----4--i-----i----

DouT 
VoH-
VoL-

WRITE 

D1N 
V1H-

V1L-

DESCRIPTION 

Address Inputs: 
Twelve binary input address bits are re­
quired to decode any one of the 4096 
storage locations of the MB 8227. The 
twelve input address bits are multi­
plexed, six at a time, into the chip via 
the address input pins (A0 through As). 
The Row Address Strobe, RAS, latches 
the 6 row address bits when a negative 
going TTL level clock is applied to RAS; 
and the Column Address Strobe, CAS, 
latches the 6 column address bits plus 
Chip Select, CS, when a subsequent 
negative going TTL level clock is applied 
to CAS. CAS is internally "gated" by 
RAS to perm it triggering of CAS as 
soon as the Row Address Hold Time 
(tR AH) specification has been satisfied 
and before column address information 
is actually required. This gated CAS fea-

ture simplifies timing requirements for 
multiplexed inputs and minimizes the 
system access and cycle time. 

Write Enable: 
The read mode or write mode is selected 
with the WE input. A logic high (1) on 
WE dictates read mode; logic low (0) 
dictates write mode. The data input pin 
is disabled when the read mode is 
selected. WE can be driven by a stand­
ard TTL circuit without a pull-up 
resistor. 

Data Input: 
Data to be written into a selected 
memory cell is latched into an on-chip 
register during a write or read-write 
cycle. The last falling edge of WE or 
CAS, whichever is later, strobes the 
Data in (D1 N) register. Set-up and hold 
times are referenced to WE or CAS, 
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D Don't Care 

whichever negative transition occurs 
later. If the chip is unselected, CS high 
at CAS time, WE commands are not ex­
cuted and data in the memory is not 
affected. 

Data Output: 
The output buffer is three-state TTL 

compatible with a fan-out of two stand­
ard TTL loads. Data-out is the same 
polarity as data-in. The output data is 
latched until CAS is brought low. Then 
the output, DouT• will go to an open 
circuit regardless of the state of any 
other input pin. In a read, read-modify­
write, or delayed write cycle, if the chip 
is selected, the output latch and buffer 
will contain the data read from the 
selected memory cell after access time. 
In a write cycle (WE low before CAS 
low), if the chip is selected, the output 
latch and buffer will contain the input 

(cont'd) 
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data after access time. The output re­
mains valid until the next negative tran­
sition of CAS. RAS-only refresh cycles 
will not affect valid data. 

Page-Mode: 
Page-mode operation permits strobing 
the row-address into the MB 8227 while 
holding RAS at a logic low(O) through­
out all successive memory operations in 
which the row address does not change. 
This permits successive memory opera­
tions at multiple column addresses with 
the same row address with higher speed 
and lower power. The power dissipated 
by the negative going edge of RAS is 
saved; and the access and cycle times are 
decreased because the time normally re­
quired to strobe .a new row address is 
eliminated. 

Refresh: 
Refresh of the dynamic memory cells is 
accomplished by performing a memory 
cycle at each of the 64 row addresses at 
least every two milliseconds. Any opera­
tion in which RAS transits accomplishes 
refresh. Regardless of the state of CS, a 
read cycle will refresh the selected row. 

Refresh will also occur during a write or 
read-modify-write cycle, but the chip 
should be unselected to prevent data 
being written into the selected memory 
location. If, during a refresh cycle, the 
MB 8227 receives a RAS signal but no 
CAS signal, the state of the output will 
not be affected. However, if RAS-only 
refresh is continued for long periods, 
the output buffer may lose data. RAS­
only refresh results in a substantial re­
duction in power dissipation. 

Power Considerations: 

The output buffer of the MB 8227 can 
be powered via Vee from the supply 
voltage (normally 5 volts) to which the 
memory is interfaced. In standby opera­
tion, Vee may be removed without af­
fecting refresh. Thus standby power is 
conserved because all memory functions 
may be turned off except for RAS tim­
ing and refresh addresses. 
Most of the MB8227 circuitry, including 
sense amplifiers, is dynamic, and most 
of the power drain comes from an 
address strobe (RAS or CAS) edge. 
Thus, dynamic power dissipation 
depends mostly on operating frequency. 

To mm1m1ze power dissipation, the 
Row Address Strobe, RAS, should only 
be applied to selected IC's. CAS must be 
supplied to all the IC's in a system in 
order to turn off unselected outputs. 
But IC's that didn't receive a RAS input 
will not dissipate power on CAS edges 
except for that needed to turn off out­
puts. If RAS is supplied only to selected 
chips, CS can be at logic zero. Chips 
that receive CAS, but not RAS, will be 
unselected regardless of CS. However, 
for refresh, either the CS input or CAS 
must be high to prevent wired-OR out­
puts from turning on simultaneously. 

Power Up: 
No particular power supply sequencing 
is required for the MB 8227. However, 
absolute maximum ratings must be ad­
hered to. Thus, V 8 8 should be turned 
on first and turned off last, and Vs 8 

should be less than V55 when V0 o is 
turned on. After power is applied, 
several cycles are required before proper 
operation is assured. About eight refresh 
cycles should be sufficient to accom­
plish this. 

-4-0f--t-+-1 - +-t-t-+-t----t-H-- - ·-+-+-+-l-+-+-+-l-+-+-+-1-+-+-+-t-+-+-+ +--i-+-1-+-4 

f-++--1 . - t- -- -
'"r++-+·-, -- H-+ t-t--:t-- tJt-I +-+-tll++-t-t-t-+-+-t-t-+-t-i--t-+-t-T-+-t--+--+-+UH--t--j- t- t-T-

'ss ~·l-H-+i•H-+-+-t-4Hj-+-lf-11111\-~++ll~H-~++~-jjlll"+-t...,c.4Hl\-llt-i-+-t--tf1trH-t-*-lr- -t-~~ - - d= 
lmAI o L! ,- ~ '"" ~-""--~ 
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1-40 



TYPICAL CHARACTERISTICS CURVES 

Fig. 2 - NORMALIZED ACCESS TIME 
vs Voo SUPPLY VOLTAGE 

TYPICAL I T 
l--jT--11--1-+-+- --+--+-- - -+--

1 2 I 

u 

;11 b...L 
~ ~ - ----r-L----j 
N ~ 1 I 
~1or--t--,----r---~ ·j I . 

~09 1-N---
)-- ---+---- T I - -

0 8 - ;---- - - - - I - ~ -t -
1 

10 11 12 13 14 

VDD• SUPPLY VOLTAGE (V) 

Fig. 5 - NORMALIZED ACCESS TIME 
vs AMBIENT TEMPERATURE 

TYPICAL 
1.2 -- t----1 -+-- ---

~ 1.1 

!-
0 
~ 1.0 
:::; 
<( 

~ 09 
0 z 

~ 
5 

0.8 

50 

.... 40 
z 
UJ 
a: 
a: 
:::J 30 
u 
> 
...J 

:i: 20 
:::J 
U) 

Ci 10 
.P 

!..> 
V"" 

1-1 
.A-1 .., 

1- ----1 -

0 20406080 
TA• AMBIENT TEMPERATURE (°C) 

Fig. 8 - 1001 (AVERAGE) 
vs AMBIENT TEMPERATURE 

TYPICAL_ I. l 
l--lvDD = 13 2V 

1--1 Vas= -4 5V 

1--1 
tRc = 375ns 

I 

I 
0 20406080 

TA• AMBIENT TEMPERATURE (°C) 

Fig. 3 - NORMALIZED ACCESS TIME 
vs Vea SUPPLY VOLTAGE 

u 

" ~ 1 1 t---t-----J--+ 
0 
UJ 
N 

~10f--l-ol--l--l--!--i--+--t""'f""l" 
:;; 
a: 
~ 09 

08 

- -) -I 

f I 

-4 -5 -6 
V 88, SUPPLY VOLTAGE (V) 

Fig. 6 - 1001 (AVERAGE) 
vs CYCLE RATE 

TYPICALT T 1 : 
~ 5o l--lvDD = 132Vf1---+-+-t---t-
E 1--1v88 =-45V + 
~ 40 r· TA = 25oC - - -1-- ---j----

UJ --+--+l·--+---+----+---+-4 
~ L' 
6301--t-· ~ 

~2Ql--t--+-+-+---,,~~-+~--+--+--+--t--I 
:::J z 
~10f---t.."'r~--+---+---+--t-4----+---+--+---1 
.P -1 r---r-

CYCLE RATE (MHz) 

Fig. 9 - 1002 (STANDBY) 
vs Voo SUPPL y VOLTAGE 

l 

TYPICALT I 
1 4 I-- VB B = -4 5v---+---+--+--+--+--+--+ 

~ f-- TA = 25° C1--+---+-----1--1--1--1 

~121--+-l---+-+-+-+-+-+-+-+-----< 

tE ~ 
~10>---+-+-+-+-+-+-~,L_-+-il"-+--+---< 
~ P'"~ 
~081--1--l--......i-+-;;71 ___ 1....-l-+--+--+--+----+--~--< 

~ as r-1~Y+---1---1----1--1- +-!---+--+-___, 
.P 

10 11 12 13 14 

Voo. SUPPLY VOLTAGE IV) 

1-41 

1111111111111111111111111111111111111111111111111111 

FUJITSU 

MB 8227 N/E/H 1111111111111111111111111111111111111111111111111111 

Fig. 4 - NORMALIZED ACCESS TIME 
vs Vee SUPPLY VOLTAGE 
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PACKAGE DIMENSIONS 

16-LEAD CERAMIC DUAL-IN-LINE PACKAGE 
(CASE DIP 16-A) 

16 

R .040 (1.0) RE F 

~ 
1 

.760 (19.30) 

.800 (20 .32) 

9 

8 

]
287 (7.29) 
299 (7.59) 

I 

I _l .160 (4.06) MAX 

020 (0.51) 120 (3 05) 
043 (1 10) 140 (3 56) 

--=::-=~-\o_9o 

_,....l=±:::=1=J~:: :rn: 

l .008 10.20) 
.012 (0.30) 

Dimensions in 
inches (m1lhmeters) 

Circuit diagrams utilizing Fujitsu products are included as a 
means of illustrating typical semiconductor applications; con­
sequently, complete information sufficient for construction pur­
poses is not necessarily given. The information has been carefully 
checked and is believed to be entirely reliable. However, no 
responsibility is assumed for inaccuracies. Furthermore, such in­
formation does not convey to the purchaser of the semiconductor 
devices described herein any license under the patent rights of 
Fujitsu Limited or others. Fujitsu Limited reserves the right to 
change device specification. 
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Fig. 12 - 1003 (RAS-ONLY) 
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MOS 16384-BIT 
DYNAMIC RANDOM 
ACCESS MEMORY 

16,384-BIT DYNAMIC RANDOM ACCESS MEMORY 

The Fujitsu MB 8116 is a fully 
aecoded, dynamic NMOS random 
access memory organized as 16,384 
one-bit words. The design is optimized 
for high-speed, high performance appli­
cations such as mainframe memory, 
buffer memory, peripheral storage and 
environments where low power dissi­
pation and compact layout is requfred. 

Mutliplexed row and column address 
inputs permit the MB 8116 to be 
housed in a standard 16-pin DIP. Pin­
outs conform to the accepted industry 
standard. 

The MB 8116 is fabricated using 
silicon-gate NMOS and Fujitsu's 
advanced Double-Layer Polysilicon 
process. This process, coupled with 
single-transistor memory storage 
cells, permits maximum circuit density 
and minimal chip size. Dynamic 
circuitry is employed in the design, 
including the sense amplifiers. 

Clock timing requirements are non­
critical, and power supply tolerances 

are 10%. All inputs are TTL compat­
ible; the output is three-state TTL. 

• 16,384 x 1 RAM, 16 pin package 

• Silicon-gate, Double Poly NMOS, 
single transistor cell 

• Row access time, 
150 ns max.(MB 8116H) 
200 ns max.(MB 8116E) 
250 ns max. (MB 8116N) 

• Cycle time, 
375 ns min. (MB 8116E/H) 
410 ns min. (MB 8116N) 

• Low power: 462 mW active, 20 
mW standby (max.) 

• 10% tolerance on +12V, ±5V 
supplies 

• All inputs TTL compatible, low 
capacitive load 

• Three-state TTL compatible 
output 

• "Gated" CAS 

• 128 refresh cycles 

ABSOLUTE MAXIMUM RATINGS (see Note) 

Rating Symbol Value Unit 

Voltage on any pin relative to VBB VIN· VouT -0.5 to+ 20 v 

Voltage on v 00 , Vee supplies 
Voo.Vcc -0.5 to+ 15 v 

relative to Vss 

vBB - vss (Voo - vss >OV) - 0 v 

Storage Temperature Tstg - 55 to +150 oc 

Power Dissipation Po 1.0 w 
Short circuit output current - 50 mA 

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. 
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• Common 1/0 capability using 
"Early Write" operation 

• Output unlatched at cycle end 
allows extended page boundary 
and two-dimensional chip select 

• Read-Modify-Write, RAS-only 
refresh, and Page-Mode 
capability 

• On-chip latches for Addresses 
and Data-in 

• Compatible with MK4116 and 
TMS4070 

PIN ASSIGNMENT 

Vss Vss 

D1N 2 eAS 

WE 3 

RAS 4 A, 

A, 5 A, 

A, 6 11 A, 

A, 7 A, 

Voo 8 Vee 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields. However, it is 
advised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high­
impedance circuit. 
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Fig. 1 - MB 8116 BLOCK DIAGRAM 

CLOCK GEN. WRITE ----< No 1 

~ 
CLOCKS I-

CLOCK GEN. J 
No.2 

COLUMN ADDRESS BUFFER !--' 
& DECODERS 

t--1 DATA IN 
DUMMY CELLS .----1 BUFFER t-1 

T 
r-1 

--------------

a: 
w 

l-L MEMORY ARRAY u. 
u. 
::ltll 
"'a: 
"'w DATA OUT 

"'"' SENSE REFRESH AMPS !-----' l-1 wo BUFFER a:() 
Cl w 
c Cl r--r «Oil 
:;: 
0 MEMORY ARRAY a: 

l 

t--1 
DUMMY CELLS 

1 

CAPACITANCE !TA =25°Cl 

Parameter Symbol Typ Max Unit 

Input Capacitance Ao ~ A6 , D1N CIN1 - 5 pF 

Input Capacitance RAS, CAS ,WE CIN2 - 10 pF 

Output Capacitance DouT CouT - 7 pF 
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RECOMMENDED OPERATING CONDITIONS 
{Referenced to Vssl 

Parameter ~ Symbol Min Typ 

Supply Voltage l1l Voo 10.8 12.0 

ill [21 Vee 4.5 5.0 

Ill Vss 0 0 

[] Vas -4.5 -5.0 

Input High Voltage RAS, CAS, WE [] VIHC 2.7 -

Input High Voltage exce£!_ _ lil V1H 2.4 -
RAS, CAS, WE 

Input Low Voltage, all inputs Ill VIL -1.0 -

STATIC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter ~ Symbol 

OPERATING CURRENT 1001 
Average power supply current (RAS, CAS cycling; tRc = 375ns) lss1 

STANDBY CURRENT 1002 

Power supply current (RAS= CAS = V IHC) 1882 

REFRESH CURRENT 1003 

Average power supply current (RAS cycling, CAS= V1Hc; tRc = 375ns) 1BB3 

PAGE MODE CURRENT 1004 

Average power supply current (RAS= VIL• CAS cycling; tpc = 225ns) lsB4 

Vee POWER SUPPL y CURRENT 

(Data out is disabled) ~ Ice 

INPUT LEAKAGE CURRENT 

Input leakage current, any input (V88 = -5V, ov..; v 1N..;7v • all other l1L 
pins not under test = OV) 

OUTPUT LEAKAGE CURRENT 

(Data out is disabled) loL 

OUTPUT LEVELS 

Output high voltage (1 0 H = -5mA) VoH 
Output low voltage OoL = 4.2mA) Vol 

Notes: 

Max Unit Operating 
Temperature 

13.2 v 

5.5 v 

0 v 

-5.5 v 
0°C to +70°C 

6.5 v 

6.5 v 

0.8 v 

Min Max Units 

35 mA 

200 µA 

1.5 mA 

100 µA 

25 mA 

200 µA 

27 mA 

200 µA 

-10 10 µA 

-10 10 µA 

-10 10 µA 

2.4 v 

0.4 v 

1) All voltages are referenced to V ss· 
2) Output voltage will swing from Vss to Vee when ac­

tivated with no current loading. For purposes of main­
taining data in the standby mode, V cc may be reduced 
to V ss without affecting refresh operations or data 

retention. However, the V 0 H (min) specification is not 
guaranteed in this mode. 
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3) When Data out is enabled, V cc power supply current 
depends upon output loading; V cc is connected to the 
output buffer only. 
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DYNAMIC CHARACTERISTICS !NOTES 4, 5, 61 
(Recommended operating conditions unless otherwise noted.) 

MB B116E MB 8116H 
Parameter ~ Symbol 

Min Max Min Max Units 

Time between Refresh !REF 2 2 ms 

Random Read/Write Cycle Time !RC 375 375 ns 

Read-Write Cycle Time tRWC 375 375 ns 

Page Mode Cycle Time tpc 225 170 ns 

Access Time from RAS l1l Im !RAC 200 150 ns 

Access Time from CAS ~rm tcAC 135 100 ns 

Output Buffer Turn Off Delay to FF 0 50 0 50 ns 

Transition Time t7 3 50 3 35 ns 

RAS Precharge Time !RP 120 100 ns 

RAS Pulse Width !RAS 200 32000 150 32000 ns 

RAS Hold Time tRSH 135 100 ns 

CAS Precharge Time tcp 80 60 ns 

CAS Pulse Width tcAS 135 10000 100 10000 ns 

RAS to CAS Delay Time [QI tRCD 30 65 25 50 ns 

CAS to RAS Precharge Time tcRP -20 -20 ns 

Row Address Set Up Time tASR 0 0 ns 

Row Address Hold Time tRAH 25 20 ns 

Column Address Set Up Time tAsc -5 -5 ns 

Column Address Hold Time tcAH 55 45 ns 

Column Address Hold Time Referenced to RAS tAR 120 95 ns 

Read Command Set Up Time tRcs 0 0 ns 

Read Command Hold Time tRCH 10 10 ns 

Write Command Set Up Time lill twcs -10 -10 ns 

Write Command Hold Time twcH 55 45 ns 

Write Command Hold Time Referenced to RAS twcR 120 95 ns 

Write Command Pulse Width twp 55 45 ns 

Write Command to RAS Lead Time tRWL 80 60 ns 

Write Command to CAS Lead Time tcwL 80 60 ns 

Data In Set Up Time tos 0 0 ns 

Data In Hold Time toH 55 45 ns 

Data In Hold Time Referenced to RAS toHR 120 95 ns 

CAS to WE Delay [j tcwo 95 70 ns 

RAS to WE Delay []J tRWD 160 120 ns 
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Notes: 

4) Several cycles are required after power up before proper 
device operation is achieved. Any 8 cycles which per­
form refresh are adequate for this purpose. 

5) Dynamic measurements assume tT=5ns. 
6) V1HC (min) or V1H (min) and V1L (max) are reference 

levels for measuring timing of input signals. Also, 
transition times are measured between V 1 H c or V 1 H 
and VIL· 

7) Assumes that tRco.;;;tR-co (max). If tRcois greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that tRco 
exceeds the value shown. 

8) Assumes that tRco>tRco(max). 
9) Measured with a load equivalent to 2 TTL loads and 

100pF. 

10) Operation within the tRcD (max) limit insures that 
tRAc(max) can be met. tRco(max) is specified as a 
reference point only; if tRCD is greaterthanthe speci­
fied tRco(max) limit, then access time is controlled 
exclusively by tcAC· 

11) twcs. tcwo and tRwo are not restrictive operating 
parameters. They are included in the data sheet as 
electrical characteristics only. If twcs>Ons or 
twcs>tRco-tRcD (max). the cycle is an early write 
cycle and the data out pin will remain open circuit 
(high impedance) throughout entire cycle. 
If tcwo>tcwo(min) and tRwo>tRwo!min), the 
cycle is a read-write cycle and data out will contain data 
read from the selected cell. If neither of the above sets 
of conditions is satisfied the condition of the data out 
is indeterminate. 

Read Cycle Timing Diagram 

ADDRESSES 

DouT 

V1Hc------1 ""----tAR----~ 

V1L-

f-----'--tASH------l 

v1Hc------'-------1.-- ""----tcAs----~ .--1.-----~' 

V1L-

lill Don't Care 
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-----1 1---------tRAS--------- ..----..._I 
V1Hc- ----tAR----< 

V1L-

,-~-+---'-----tCAS-----< 

CAS V1Hc_------"-..:..-----n---. ,---+...---_..;.--1 

D1N 

DouT 

RAS 

CAS 

WE 

DouT 

V1L-

V1Hc-

V1L- -----+--l"---'----'-----4-------__.-'----------

V1H-
V1L-

VoH-

VoL-

V1Hc-
V1L-

V1Hc-
V1L-

V1Hc-
V1L-

VoH-

VoL-

1-----tDHR-----< 

D Don't Care 

Read-Write/Read-Modify-Write Cycle 
-------------tRwc---------------< 
i-----------tRAs------------<,;-----..1 

1-----7----tRSH---------l 
----1----'-----tcAS--------< 

tcAH 

.-----tcwo-----< 

Q Don't Care 
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ADDRESSES 

RAS 
V1Hc-

V1L-

CAS 
V1Hc-

V1L-

ADDRESSES 

DouT 
VoH-

VoL-

WE 
V1HC 
V1L-

"RAS-ONLY" Refresh Cycle 
NOTE: CAS = VIHC, WE= Don't care 

Page Mode Read Cycle 
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Page Mode Write Cycle 
1--------------tRAs------------

V1Hc­
V1L-~~.+-~-+-+-~-+~~~~-+1'"--~-"1-~~~--i1t-~'1-!'~~'"'1"~--;r-~~~~ 

V1H­

V1L - --- "--"'"""'"'--"'! 

DESCRIPTION 

Address Inputs: 
A total of fourteen binary input address 
bits are required to decode any 1 of 
16,384 storage cell locations within the 
MB 8116. Seven row-address bits are 
established on the input pins (A0 

through A6 I and latched with the Row 
Address Strobe (RAS). Then seven 
column-address bits are established on 
the input pins and latched with the 
Column Address Strobe (CASI. All in­
put addresses must be stable on or 
before the falling edge of RAS. CAS is 
internally inhibited (or "gated") by 
RAS to permit triggering of CAS as 
soon as the Row Address Hold Time 
(tR AH I specification has been satisfied 
and the address inputs have been 
changed from row-addresses to column­
addresses. 

Write Enable: 
The read mode or write mode is selected 

with the WE input. A logic high (1) on 
WE dictates read mode; logic low (0) 
dictates write mode. Data input is disa­
bled when read mode is selected. WE 
can be driven by standard TTL circuits 
without a pull-up resistor. 

Data Input: 
Data is written into the MB8116 during 
a write or read-write cycle. The last 
·falling edge of WE or CAS is a strobe for 
the Data In (D1N I register. In a write 
cycle, if WE is brought low (write 
mode) before CAS, D1N is strobed by 
CAS, and the set-up and hold times are 
referenced to CAS. In a read-write 
cycle, WE will be delayed until CAS has 
made its negative transition. Thus D1N 
is strobed by WE, and set-up and hold 
times are referenced to WE. 

Data Output: 
The output buffer is three-state TTL 
compatible with a fan-out of two stand­
ard TTL loads. Data-out is the same 
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0Don'tCare 

polarity as data-in. The output is in a 
high impedance state until CAS is 
brought low. In a read cycle, or a 
read-write cycle, the output is valid 
after tR AC from transition of RAS 
when tRco (max) is satisfied, or after 
tcAc from transition of CAS when the 
transition occurs after tRco (max). 
Data remains valid until CAS is returned 
to a high level. In a write cycle the 

identical sequence occurs, but dat11 is 
not valid. 

Page-Mode: 
Page-mode operation permits strobing 
the row-address into the MB 8116 while 
maintaining RAS at a logic low (0) 
throughout all successive memory 
operations in which the row-address 
doesn't change. Thus the power dis­
sipated by the negative going edge of 
RAS is saved. Further, access and cycle 
times are decreased because the time 
normally required to strobe a new row­
address is eliminated. 

(cont'd) 
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Refresh: only refresh avoids any output during bits in each row to be refreshed. Further 
refresh because the output buffer is in RAS-only refresh results in a substantial 
the high impedance state unless CAS is reduction in power dissipation. 

Refresh of the dynamic memory cells is 
accomplished by performing a memory 
cycle at each of the 128 row-addresses 
at least every two milliseconds. RAS 

brought low. Strobing each of the 128 
row-addresses with RAS will cause all 
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16-LEAD CERAMIC DUAL-IN-LINE PACKAGE 
(CASE DIP 16-A) 

.015 (0 38) 

.023 (0.58) 

_l_ 200 (5 OBJ MAX 

.120 (3 051 
140 (3 56) 

-- ::.-=''°--1- 00-90 

~._ -==#==1=~] m:rn: 

! 
008 (0 20) 
.012 (O 301 

D1mens1ons 1n 
mches (m1ll1meters) 

Circuit diagrams utilizing Fujitsu products are included as a 
means of illustrating typical semiconductor applications; con­
sequently, complete information sufficient for construction pur­
poses is not necessarily given. The information has been carefully 
checked and is believed to be entirely reliable. However, no 
responsibility is assumed for inaccuracies. Furthermore, such in­
formation does not convey to the purchaser of the semiconductor 
devices described herein any license under the patent rights of 
Fujitsu Limited or others. Fujitsu Limited reserves the right to 
change device specification. 
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1024-BIT STATIC RANDOM ACCESS MEMORY 
WITH SEPARATE 1/0 

The Fujitsu MB 8101 is a 256 word by 
4 bit static random access memory 
fabricated using N-channel silicon gate 
MOS technology. All devices are fully 
compatible with TTL logic families 

• Fast access time: 
250 ns max. (MB 8101E) 
450 ns max. (MB 8101N) 

• Single +5V DC supply voltage 

in all respects: inputs, outputs, and the 
use of a single +5V DC supply. For 
ease of use, two chip-enables permit 
selection of an individual package 
when outputs are OR-tied. All devices 
offer the advantages of low power 
dissipation, low cost, and high per­
formance. 

• TT,L compatible inputs and outputs 

• Three-state output with OR-tie 
capability 

• Two chip enable leads for 
simplified memory expansion 

• Output disable provided for use in 
common data bus systems 

• 256 words x 4 bits organization 

• Static operation: no clocks or 
refresh required 

• Standard 22-pin DIP package 

• Pin compatible with the 2101 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Supply Voltage Vee -0.5 to +7 v 

Input Voltage V1N -0.5to +7 v 

Output Voltage VouT -0.5to +7 v 

Storage Temperature Tstg -65 to +150 oc 

Power Dissipation Po 1.0 

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. 
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MB 8101N/E 

PIN ASSIGNMENT 

A3 22 Vee 

A2 2 21 A4 

Ai 20 R/W 

Ao 19 CE1 

As 18 OD 

A6 17 CE2 

A1 16 004 

GND 15 014 

011 14 003 

001 10 13 013 

Dl2 11 12 D02 

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



Fig. 1 - MB 8101 BLOCK DIAGRAM 
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--~Vee 

---<>GND 

001 

002 

003 

004 

Typ Max Unit 

4 8 pF 

8 12 pF 
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RECOMMENDED OPERATING CONDITIONS 
(Referenced to Vss) 

Parameter Symbol Min Typ Max Unit Ambient 
Temperature 

Supply Voltage Vee 4.75 5.0 5.25 v 

Input Low Voltage VIL -0.5 0.65 v 0°C to +70°C 

Input High Voltage VIH 2.2 Vee v 

STATIC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

I 
Parameter Symbol Min Max Unit 

Input Leakage Current (V1N=OV to 5.25V) l1L 10 µA 
r---~~-

-
IOL1 I Output Leakage Current (CE1=2.2V, VouT=4.0V) 10 µ.A 

f--· 

Output Leakage Current (CE1 =2.2V, V0 uT=0.45V) IOL2 -25 µA 

Power Supply Current (V1N =5.25V, 10 =OmA, TA =0°C) Ice 70 mA 

Output Low Voltage (1 0 L = 2mA) VOL 0.45 v 

i Output High Voltage (1 0 H=-150µ.A) VoH 2.2 v 
l 

Fig. 2 - DYNAMIC TEST CONDITIONS 

Input Pulse Levels: 0.65V to 2.2V 
Input Pulse Rise and Fall Time: 10ns 
Timing Measurement Reference Levels Input: 1.5V 

Output: 0.8V and 2.0V 
Output Load: 1 TTL Gate and CL =100pF 
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DYNAMIC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 
READ CYCLE 

Parameter Symbol 

Read Cycle tRC 

Address Access Time tACC 
-

Chip Enable to Output 1co 

Output Disable to Output too 

Data Output to High Impedance tDF 

Previous Read Data Valid after Change of Address tOH 

MB8101N 

Min Typ 

i 450 

I 

l 
0 I 

1 
40 l 

READ CYCLE TIMING DIAGRAM 

MB 8101E 

Max Min Typ 

250 

450 

350 i 
·--+--

300 

150 0 1 
40 

l----------tRc-----------1 

Address 

OD 
(COMMON 1/0) 

DATA OUT DATA OUT VALID 

Max 

250 

180 

130 

150 

_______ ___, _ - --

Notes: 1) t 0 F is measured with respect to the trailing edge of CE 1 , CE 2 , or OD, whichever occurs first. 

2) OD should be tied low for separate 1/0 operation. 
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Unit 
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ns 

ns 
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WRITE CYCLE 

Parameter 

Write Cycle 

Address to Write Setup 

Chip Enable to Write 
f-----------

Data Setup Time 

Data Hold Time 

Write Pulse Width 

Write Recovery Time 

Output Disable Setup 

Address 

OD 
(COMMON 1/0) 

DATA IN 

R/W 

--

MB8101N 
Symbol 

Min Typ 

twc 450 

tAW 100 

tcw 350 

tow 200 

tDH 100 

twp 250 

tWR 50 

tos 150 

WRITE CYCLE TIMING DIAGRAM 

DATA IN 
STABLE 

MB8101E 

Max Min Typ 

170 

20 

100 

100 

0 

150 

0 

70 

Notes: 1) toF is measured with respect to the trailing edge of CE 1 , CE 2 , or OD, whichever occurs first. 

2) OD should be tied low for separate 1/0 operation. 
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Unit 
Max 

ns 

ns 

ns 

ns 
j---------

ns 

ns 

ns 

ns 



TYPICAL CHARACTERISTICS CURVES 
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Fig.5-loL OUTPUT SINK CURRENT 
vs VOL OUTPUT LOW VOLTAGE 
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PACKAGE DIMENSIONS 

R 05011 27)R 

22 

~ D 
1 

22-LEAD CERAMIC DUAL· IN-LINE PACKAGE 

(CASE DIP22-A) 

12 

11 

.38019.65) 
396110 06) 

~------------ ~-~~-§m~-- --- - -- --~ 

_1. 
---=-=.:l- 0o ,..,,_, 9 o 

'I 
39019 91) 
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00810 20) 
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l 05011 27)MA~X----------
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11 
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!--- __ . D1mens1ons 1n 

1 000125 4)REF inches lm11!1meters) 

Circuit diagrams utilizing Fujitsu products are included as a 
means of illustrating typical semiconductor applications; con­
sequently, complete information sufficient for construction pur­
poses is not necessarily given. The information has been carefully 
checked and is believed to be entirely reliable. However, no 
responsibility is assumed for inaccuracies. Furthermore, such in· 
formation does not convey to the purchaser of the semiconductor 
devices described herein any license under the patent rights of 
Fujitsu Limited or others. Fujitsu Limited reserves the right to 
change device specification. 
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MOS 1024-BIT 
STATIC RANDOM 
ACCESS MEMORY 

1024-BIT STATIC RANDOM ACCESS MEMORY 
WITH COMMON 1/0 AND OUTPUT DISABLE 

The Fujitsu MB 8111 is a 256 word by 
4 bit static random access memory 
fabricated using N-channel silicon gate 
MOS technology. Common input/ 
output pins are provided. All devices 
are fully compatible with TTL logic 
families in all respects: inputs, outputs, 
and the use of a single +5V DC supply. 
For ease of use, separate chip enables 
(CE) permit the selection of an indivi­
dual package when outputs are 0 R­
tied. All devices offer the advantages 
of low power dissipation, low cost, 
and high performance. 

• 256 words x 4 bits organization 

• Static operation: no clocks or 
refresh required 

• Fast access time: 
250 ns max. (MB 8111 E) 
450 ns max. (MB 8111 N) 

• Single +5V DC supply voltage 

• Common data input and output 

• TTL compatible inputs and outputs 

• Three-state output with 0 R-tie 
capability 

• Two chip enable leads for simpi­
fied memory expansion 

• Standard 18-pin DIP package 

• Pin compatible with the 2111 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Supply Voltage Vee -0.5 to +7 v 

Input Voltage VIN -0.5 to +7 v 

Output Voltage VouT -0.5 to +7 v 

Storage Temperature Tstg -65 to +150 oc 

Power Dissipation Po 1.0 w 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RA Tl 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. 
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MB 8111N/E 

PIN ASSIGNMENT 

AJ 18 Vee 

A2 2 17 A4 

Ai 3 16 R/W 

Ao 4 15 CE1 

As 5 14 1/04 

A6 6 13 1/03 

A1 7 12 1/02 

GND 8 11 1/01 

OD 9 10 CE2 

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



Fig. 1 - MB 8111 BLOCK DIAGRAM 

ROW SELECT 

INPUT DATA 

CONTROL 

CAPACITANCE (TA=25°C;f=1MHz) 

l Parameter t '"'"' """"'""~ (v,.· OVI 
1/0 Capacitance (V 110 = OV) 

CELL ARRAY 

32 ROWS 

32 COLUMNS 

COLUMN 1/0 CIRCUITS 

COLUMN SELECT 

Symbol 

CIN 

Cvo 
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----<>Vee 

----oGND 

Typ l Max Unit I 

4 I 8 pF 

10 _l 15 pF 
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RECOMMENDED OPERATING CONDITIONS 
(Referenced to Vssl 

Parameter Symbol Min Typ 

Supply Voltage Vee 4.75 5.0 

Input Low Voltage VIL 
T -0.5 

I 
Input High Voltage V\H 2.2 

STATIC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Symbol 

Input Leakage Current (V1N=OV to 5.25V) llL 

1/0 Leakage Current (CE 1 =CE2 =2.2V, V 110 =4.0V) IOL1 

1/0 Leakage Current (CE 1 =CE 2 =2.2V, V 110 =0.45V) IOL2 

Power Supply Current (V1N = 5.25V, 1110=0mA, TA =0°C) Ice 

Output Low Voltage (1 0 L =2mA) VOL 

Output High Voltage (1 0 H= -150µA) VoH 

Fig. 2 - DYNAMIC TEST CONDITIONS 

Input Pulse Levels: 0.65V to 2.2V 
Input Pulse Rise and Fall Time: 10ns 
Timing Measurement Reference Levels Input: 1.5V 

Output: O.BV to 2.0V 
Output Load: 1 TTL Gate and CL =100pF 
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Max Unit 
Ambient 

Temperature 

5.25 v 

0.65 v 0°C to +70°C 

Vee v 

Min Max Unit 

10 µA 

10 µA 

-25 µA 

70 mA 

0.45 v 

2.2 v 
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DYNAMIC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 
READ CYCLE 
~--------------~-- -----· ---------------,-----------,-------, 

! MB 8111N MB8111E 
i Parameter Symbol 

Max l Min Typ Max Min Typ 
Unit 

Read Cycle 450 250 ns 

;:id:::a:~::~:~~~-;---- --- -------~ - --:~:c--r---t---~~-----y-- ::: :: 
Output Disable to Output l t 00 300 L 130 ns 

~a Output to High Impedance ' t 0 F O l 150 0 j ---r-1-5-0-t-l-n-s --i 

I I I 

j Previous Read Data Valid after Change of Addrnss ]__ __ ~_':'._ --~O-~--~--J~_4o __ _l~' --~-~l_n_s_ 

READ CYCLE TIMING DIAGRAM 

l-----------1Rc-------~-

Address 

CE1 

CE2 

OD 

DATA 1/0 DATA OUT VALID 

----------1----

Note: 1) t 0 F is measured with respect to the trailing edge of CE 1 , CE 2 , or OD, whichever occurs first. 
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WRITE CYCLE 

Parameter 

Write Cycle 

Address to Write Setup 

Chip Enable to Write 

I 
Data Setup Time 

Data Hold Time 

Write Pulse Width 

Write Recovery Time 

Output Disable Setup 

Address 

CE 1 

OD 

DATA 1/0 

R/W 

MB 8111N MB 8111E 
Symbol Unit 

Mm Typ Max Min Typ Max 

twc 450 170 ns 

tAW 100 20 ns 

tcw 350 100 I ns 

tow 200 100 ns 

tDH 100 0 ns 
---i-------

twP 250 150 ns 

tWR 50 0 ns 

tos 150 70 I ns J 

WRITE CYCLE TIMING DIAGRAM 

----tc··~---" 

DATA IN STABLE 

t------tWP,----~--twR-~-
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TYPICAL CHARACTERISTICS CURVES 

< 

Fig. 3 - Ice SUPPL y CURRENT 
VS Vee SUPPLY VOLTAGE 
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Fig. 5- loL OUTPUT SINK CURRENT 
vs VoL OUTPUT LOW VOLTAGE 
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PACKAGE DIMENSIONS 

18-LEAD CERAMIC DUAL·IN-LINE PACKAGE 
(CASE DIP 18· D) 

R .050 (1.2~) ]'\ 

REF i:Y 

090 12.29) 
.110 12.79) 

.890 122.61) 

.910 123.11) 

.800 120.32) RE~ 

.032 10.81 )REF 

278 17.06) 
298 17.57) 

.200 15.08) MAX 

.020!0.51) .120 13.05) 

.050(1.27) .140 (3.56) 

-

l 
T 

008 I0.20) 
.012 I0.30) 

T 

290 17.37) 
310 17.87) 

Dimensions in 
inches (millimeters) 

Circuit diagrams utilizing Fujitsu products are included as a 
means of illustrating typical semiconductor applications; con­
sequently, complete information sufficient for construction pur· 
poses is not necessarily given. The information has been carefully 
checked and is believed to be entirely reliable. However, no 
responsibility is assumed for inaccuracies. Furthermore, such in· 
formation does not convey to the purchaser of the semiconductor 
devices described herein any license under the patent rights of 
Fujitsu Limited or others. Fujitsu Limited reserves the right to 
change device specification. 
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MOS 1024-BIT STATIC 
RANDOM ACCESS 
MEMORY 

1024 BIT STATIC MOS RANDOM ACCESS MEMORY 

• 1024 words by 1 bit static MOS 
RAM 

• No clocks or refreshing required 

• Fast access time - 450 ns 

• Single +5V supply voltage 

• TTL compatible input and output 

• Three-state output - OR-tie 
capability 

• Simple memory expansion -
chip select input 

• Low power dissipation - typically 
150mW 

• Full on-chip address decode 

• All inputs have protection against 
static charge 

• N-channel silicon gate MOS 
technology 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Parameter Symbol Value Unit 

Supply Voltage Vee -0.5 to+ 7 v 

Input Voltage VIN -0.5 to +7 v 

Output Voltage VouT -0.5 to +7 v 

Operating Temperature Top 0 to +70 oe 

Storage Temperature Tstg -65 to +150 oe 

Note: Stress above those listed in ABSOLUTE MAXIMUM RATINGS may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those 
indicated in the operational sections of this specification is not implied. 
Exposure to maximum rating conditions for extended periods may affect 
device reliability. 
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As 
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Ao 

MB 8102 

PIN ASSIGNMENT 

A1 

As 
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cs 

DATA OUT 

DATA IN 

Vee 
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Ao 

A1 

A2 

Aa 

A4 

R/W 

DIN 

cs 

FIG. 1-BLOCK DIAGRAM 

ROW 32X 32 
DECODER CELL ARRAY 

1/0 CONTROL 
INPUT 
DATA 

CONTROL 
COLUMN 
DECODER 

RECOMMENDED OPERATING CONDITIONS 

(1) D.C. 

TA= 0°C to +70°C 

Parameter Symbol 

Supply Voltage Vee 

Input Low Voltage V1L 

Input High Voltage V1H 

1-72 

DouT 

Min. Typ. Max. Unit 

4.75 5.0 5.25 v 

-0.5 0.65 v 

2.2 Vee v 



{2) A.C. 
TA= 0°C to +70°C 

Parameter Symbol 

Read Cycle tRc 

Write Cycle twc 

Address to Write Setup tAW 

Write Pulse Width twP 

Write Recovery Time twR 

Data Setup Time tow 

Data Hold Time toH 

Chip Select to Write Setup tcw 

Chip Select Hold Time tcH 

ELECTRICAL CHARACTERISTICS 

{1) D.C. 
TA= 0°C to +70°C 

Parameter Symbol Conditions 

Input Load Current lu VIN= 0 to 5.25V 

Output Leakage Current ILOH 
CS= 2.2V 

VouT = 2.4V to Vee 

Output Leakage Current 1LOL 
CS= 2.2V 

VouT = 0.4V 

All Input= Vee 
Power Supply Current lcc1 TA= 25°C 

DouT Open 

All Input= Vee 
Power Supply Current 1cc2 TA= 0°C 

DouT Open 

Output Low Voltage Vol loL = 3.2 mA 

Output High Voltage VoH loH=-100µA 
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Min. 

450 

450 

150 

200 

50 

200 

50 

200 

0 

Min. 

2.2 
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Typ. Max. Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Typ. Max. Unit 

10 µA 

10 µA 

-25 µA 

30 60 mA 

70 mA 

0.4 v 

v 
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(2) A.C.* 
TA= 0°C to +70°C 

Parameter 

Address Access Time 

Chip Select Access Time 

Previous Read Data Valid with Respect to 
Address Change 

Previous Read Data Valid with Respect to 
Chip Select 

*Input Pulse Levels: 0.8V to 2.0V 
Input Rise and Fall Times: 10 ns 
Timing Measurement Input: 1.5V 
Reference Levels Output: 0.8V and 2.0V 
Output Load: 1 TTL Gate and CL= 100 pF 

(3) CAPACITANCE 
(Periodically Sampled), TA= 25°C, f = 1 MHz 

Parameter Symbol 

Input Capacitance 
CIN1 (Address, CS, D1Nl 

Input Capacitance (R/W) C1N2 

Output Capacitance CouT 

Symbol Min. Typ. Max. Unit 

tAcC 450 ns 

tco 200 ns 

toH1 50 ns 

toH2 0 ns 

Conditions Min. Typ. Max. Unit 

V1N = OV 5 pF 

VIN= OV 7 pF 

VouT = ov 10 pF 
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TIMING DIAGRAM 

WRITE CYCLE 

- twc 

ADDRESS ) K ) ( 
tAW twP twR 

R/W ~ f 
- tcw ~ f--tcH 

~ f 
tow toH 

) K DATA STABLE "' ( _/ 

READ CYCLE 

---------tRC-------

ADDRESS 

------tACC---- tQH1 ------.-1 

tco tQH2 

DouT DATA VALID 
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TYPICAL CHARACTERISTICS CURVES 

< 

FIG. 2 - SUPPLY CURRENT 
VS. AMBIENT TEMPERATURE 
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PACKAGE DIMENSIONS 

16 

R .040 (1.0) R EF 

~ 
1 

16-LEAD CERAMIC DUAL-IN-LINE PACKAGE 
(CASE DIP16-A) 

9 

8 

I .760 (19.30) 
.800 120.32) 
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J 
.287 (7.29) 
.299 (7.59) 

I 
_l .160 (4.06) MAl< 

.12013.PSl 

.140 (3.56) 
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.290 (7.37) 

.310 (7.87) 

.00810.20) 

.012 (0.30) 

Dimensions in 
inches (millimeters) 
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MOS 1024-BIT 
STATIC RANDOM 
ACCESS MEMORY 

1024-BIT STATIC RANDOM ACCESS MEMORY 
WITH COMMON DATA 1/0 

The Fujitsu MB 8112 is a 256 word by 
4-bit static random access memory 
fabricated using N-channel silicon gate 
MOS technology. Common input/ 
output pins are provided. All devices 
are fully compatible with TTL logic 
families in all respects: inputs, outputs, 
and the use of a single +5V DC supply. 
For ease of use, chip enable (CE) 
permits 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. 

• 256 words x 4-bits organization 

• Static operation: no clocks or 
refresh required 

• Fast access time: 
250 ns max. (MB 8112E) 
450 ns max. (MB 8112N) 

• Single +5V DC supply voltage 

• Common data input and output 

• TTL compatible inputs and outputs 

• Three-state output with OR-tie 
capability 

• Chip enable (CE) lead for simplified 
memory expansion 

• Standard 16-pin DIP package 

• Pin compatible with the 2112 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Supply Voltage Vee -0.5 to +7 v 

Input Voltage V1N -0.5 to +7 v 

Output Voltage VouT -0.5 to +7 v 

Storage Temperature Tstg -65 to +150 oc 

Power Dissipation Po 1.0 w 

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. 
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MB 8112N/E 

PIN ASSIGNMENT 

A3 16 Vee 

A2 2 15 A4 

A1 3 14 R/W 

Ao 4 13 CE 

As 5 12 1/04 

A6 6 11 1/03 

A1 7 10 1/02 

GND 8 9 1/01 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields. However, it is 
advised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high 
impedance c1rcu1t. 
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Fig. 1 - MB 8112 BLOCK DIAGRAM 

ROW SELECT 

INPUT DATA 

CONTROL 

CELL ARRAY 

32 ROWS 

32 COLUMNS 

COLUMN 1/0 CIRCUITS 

COLUMN SELECT 

CAPACITANCE (TA=25°C,f=1MHz) 

I 
Parameter Symbol 

Input Capacitance (V1N=OV) C1N 

l 1/0 Capacitance (V 110 = OV) Cvo 

1-80 

---ovcc 

----<>GND 

Typ Max Unit 

4 8 pf 

10 15 pf 
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RECOMMENDED OPERATING CONDITIONS 
(Referenced to Vss) 

Parameter Symbol Min Typ Max 
Ambient 

Unit Temperature 
------

Supply Voltage Vee 4.75 5.0 5.25 v 

Input Low Voltage VIL -0.5 0.65 v 0°C to +70°C 

Input High Voltage VIH 2.2 Vee v l 

STATIC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Symbol Min Max Unit 

Input Leakage Current (V1N = OV to 5.25V) llL 10 µA 

1/0 Leakage Current (CE=2.2V, V 110 =4.0V) loL1 10 µA 

1/0 Leakage Current (CE=2.2V, V 110 =0.45V) IOL2 -25 µA 

Power Supply Current (V1N = 5.25V, 1110=0mA, TA= 0°C) Ice 70 mA 

Output Low Voltage (1 0 L = 2mA) VOL 0.45 v 

Output High Voltage (1 0 H =-150µA) VOH 2.2 v 

Fig. 2 - DYNAMIC TEST CONDITIONS 

Input Pulse Lavels: 0.65V to 2.2V 
Input Pulse Rise and Fall Time: 10ns 
Timing Measurement Reference Levels Input: 1.5V 

Output: 0.8V and 2.0V 
Output Load: 1 TTL Gate and CL =100pF 
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DYNAMIC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

READ CYCLE 

Parameter Symbol 

Read Cycle tRC 

Address Access Time tACC 

Chip Enable to Output tco 

Chip Enable to Output Disable Time 
I 

tco 
i 

l Previous Read Data Valid after" Change of Addre~toH 

MB 8112N 

Min Typ Max 

450 
' 

450 

350 

! 0 l l 150 

l 40 
I 

READ CYCLE TIMING DIAGRAM 

DATA l/D HIGH Z 

1-82 

DATA 
VALID 

MB 8112E 
Unit 

Min Typ Max 

250 ns 

250 ns 

180 ns 

0 120 ns 

40 ns 

HIGH Z 
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WRITE CYCLE #1 

MB8112N MB8112E 
Parameter Symbol -- Unit 

Min Typ Max Min Typ Max 

Write Cycle twc1 450 200 ns 

Address to Write Setup tAW1 100 20 ns 

Data Setup Time I 
tDw1 200 I 180 ns 

Write Pulse Width twp1 250 180 ns 

Chip Enable Setup Time tcs1 0 0 ns 

Chip Enable Hold Time tcH1 0 0 ns 

Write Recovery Time 
l tWR1 50 0 ns 

Data Hold Time tDH1 50 0 ns 

Chip Enable to Write Setup Time ~CW1 250 l 180 ns 

WRITE CYCLE #1 TIMING DIAGRAM 

CE ~----+-----'.! 
----tow1-~-, 

--1 tDH1 f- ---

----- \ /DATA IN STABLE \ I --
DATA 1/0 

---- / ./ --
'-, 

R/W l J 
______, tAW1 tWP1 tWR1 
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WRITE CYCLE #2 

Parameter 

Write Cycle 

Address to Write Setup 

Data Setup Time 

Write to Output Disable Time 

Data Hold Time 

Write Recovery Time 

Chip Enable Setup Time 

Chip Enable Hold Time 

ADDRESS 

CE 

DATA 1/0 

R/W 

MB 8112N 
Symbol 

Min Typ 

twc2 500 

tAW2 100 

tow2 200 

tWD2 150 

tDH2 50 

tWR2 50 

tcs2 0 

tCH2 0 

WRITE CYCLE #2 TIMING DIAGRAM 

tcs2 

DATA IN STABLE 

1-84 

lltlB 8112E 
Unit 

Max Min Typ J Max 

250 I ns 
I 

20 ns 

110 i ns 

120 I ns 

0 I ns 

0 
i 

ns 

0 

l 
ns 

0 ns 

,_ ___ ...., ____ _ 
____ ...., ___ _ 



TYPICAL CHARACTERISTICS CURVES 

Fig. 3 - 'cc SUPPL y CURRENT 
vs Vee SUPPLY VOLTAGE 
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Fig.5-loL OUTPUT SINK CURRENT 
vs VoL OUTPUT LOW VOLTAGE o-r rT~---~-
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PACKAGE DIMENSIONS 

R .040 (1 O) REF 

16-LEAD CERAMIC DUAL-IN-LINE PACKAGE 
(CASE DIP 16-A) 

--~=-~~-\0-90 

.299 (7 59) 

9 

]287 (729) 

8 
~-d=c=;==c==r==c:~~,----dl 

.760 (19.30) . 
.800 (20 32) 

.-r=~=10::::::i]m :rn: 

T .008 (0.201 
.012 (0.30) 

I __j_ .160 (4 06) MAX 

120 (3 05) 
140 (3 56) 

D1mens1ons m 
inches (millimeters) 

Circuit diagrams utilizing Fujitsu products are included as a 
means of illustrating typical semiconductor applications; con­
sequently, complete information sufficient for construction pur­
poses is not necessarily given. The information has been carefully 
checked and is believed to be entirely reliable. However, no 
responsibility is assumed for inaccuracies. Furthermore, such in­
formation does not convey to the purchaser of the semiconductor 
devices described herein any license under the patent rights of 
Fujitsu Limited or others. Fujitsu Limited reserves the right to 
change device specification. 
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1024-BIT HIGH-SPEED STATIC RANDOM ACCESS MEMORY 

The Fujitsu MBM 2115/25 is a series 
of fully decoded 1024-bit static ran­
dom access memories, each with 
1024-word by 1-bit organization. 
All devices are fully compatible with 
TTL logic families, featuring suitable 
output, inputs, and the use of a single 
+5 VDC power supply. MBM 2115/25 
devices are fabricated with N-channel 
silicon gate MOS technology. With 
this process, design and production 
of high-speed MOS RAMs with per­
formance comparable with bipolar 
RAMs is ensured. And all devices offer 
the advantages of low power dissipa­
tion and reduced cost. All devices are 
capable of driving bus-organized 
systems. 

• 1024 words x 1 bit organization 

• Fast access time: 
70 ns max.(MBM 2115H/25H) 
90 ns max.(MBM 2115E/25E) 

120 ns max.(MBM 2115N/25N) 

• 35 ns (max.) chip select time 

• TTL outputs and inputs: 
Open drain output (MBM 2115) 
Three-state output 

(MBM 2125) 

• Single +5 VDC supply voltage 

• Low power dissipation 

• All inputs protected against static 
charge 

• CS (-C-h-ip_S_e-le-c-t) lead for simplified 
memory expansion 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Supply Voltage Vee -0.5 to +7 voe 

Input Voltage VIN -0.5 to +5.5 voe 

Output Voltage · VouT -0.5 to +7 voe 

DC Output Current 'our 20 mA 

Temperature Under Bias TA -10 to +85 oc 

Storage Temperature Tstg -65 to +150 oc 

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. 
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• Fully decoded 

• Standard 16-pin DIP package 

• Pin compatible with the 93415/25 
and interchangeable with the 
2115/25 

PIN ASSIGNMENT 

cs 16 Vee 

As 2 15 D1N 

Ao 3 14 WE 

A1 4 13 Ao 

As 5 12 A1 

A9 6 11 A2 

DouT 7 A3 

GND 8 9 A4 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields. However, it is 
advised that normal precautions be taken to 
avoid application of any voltage higher 
than maximum rated voltages to this high· 
impedance circuit. 
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Fig. 1 - MBM 2115/25 BLOCK DIAGRAM 

Word 
Driver 

Address 
Decoder 

Ao-A4 

32 x 32 
Array 

Sense Amps 
and 

Write 
Drivers 

Address 
Decoder 

~----
As -A9 

Control 
Logic 

cs WE D1N 

DC AND OPERATING CHARACTERISTICS 
(TA = 0°C -75°C, Vee= +5V ±5%, unless otherwise noted.) 

Parameter Symbol 

MBM 2115 Output Low Voltage (loL ='12mA) Voll 

MBM 2125 Output Low Voltage (loL = 7mA) VoL2 

MBM 2125 Output High Voltage lloH = -3.2mA) VoH 

Input Low Voltage V1L 

Input High Voltage V1H 

MBM 2115 Output Leakage Current (VouT = 4.5V) loll 

MBM 2125 Output Current (High Z) (VouT = 0.5/2.4V) IOL2 

Input Leakage Current (V1N = 0.4/4.5V) l1L 

MBM 2115N/25N Ice 

Power Supply Current 
MBM 2115E/25E Ice (Vee= max.; all inputs= OV) 

MBM 2115H/25H Ice 

CAPACITANCE (f = 1 MHz; Vee= +5V; TA= 25°C) 

Parameter Symbol 

Input Lead Capacitance C1 

Output Lead Capacitance Co 

1-88 

DouT 

TRUTH TABLE 
INPUTS MBM 2115 

cs WE D1N Output 

H x x H 

H 

H H 

H x Dour 

Min Typ 

- 0.3 

- 0.3 

2.4 -
- -
2.1 -

- -

- -
- -
- -

- -

- -

Min Typ 

- 4 

- 7 

MBM 2125 MODE 
Output 

HIGH Z NOT SELECTED 

HIGH Z WRITE "O" 

HIGH Z WRITE "1" 

DouT READ 

Max Unit 

0.45 v 

0.45 v 

- v 

0.8 v 

- v 

50 µA 

50 µA 

10 µA 

65 mA 

65 mA 

100 mA 

Max Unit 

5 pf 

8 . pf 



AC CHARACTERISTICS 
(TA= 0°C ~ 75°C, Vee= +5V ± 5%, unless otherwise noted.) 

READ CYCLE (MBM 2115N/E/HI 

MBM2115N 
Parameter Symbol 

Min Typ Max 

Address Access Time tAA - 90 120 

Chip Select Time tesA 5 - 35 

Chip Select Recovery Time tcsR - - 40 

WRITE CYCLE (MBM 2115N/E/H) 

MBM 2115N 
Parameter Symbol 

Min Typ Max 

Write Disable Time tws - - 40 

Write Recovery Time twR 5 - 50 

Write Pulse Width tww 60 - -

Data Set Up Time Prior 
tos 15 - -

to Write 

Data Hold Time After Write toH 15 - -

Address Set Up Time tAs 20 - -

Address Hold Time tAH 15 - -

Chip Select Set Up Time tes 15 - -

Chip Select Hold Time teH 15 - -

READ CYCLE TIMING DIAGRAM 

tcsA 

tcsR 

1-89 

Min 

-

5 

-

Min 

-

5 

60 

15 

15 

20 

15 

15 

15 
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MBM 2115E MBM 2115H 
Unit 

Typ Max Min Typ Max 

65 95 - 55 70 ns 

- 35 5 - 35 ns 

- 40 - - 40 ns 

MBM 2115E MBM2115H 
Unit 

Typ Max Min Typ Max 

- 40 - - 40 ns 

- 50 5 - 45 ns 

- - 50 - - ns 

- - 5 - - ns 

- - 5 - - ns 

- - 15 - - ns 

- - 5 - - ns 

- - 5 - - ns 

- - 5 - - ns 

WRITE CYCLE TIMING DIAGRAM 

DouT 
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READ CYCLE (MBM 2125N/E/H) 

MBM 2125N 
Parameter Symbol 

Min Typ 

Address Access Time tAA - 90 

Chip Sel.ect Time tcsA 5 -

Chip Select to High Z tcszR - -

WRITE CYCLE (MBM 2125N/E/H) 

MBM 2125N 
Parameter Symbol 

Min Typ 

Write Disable to High Z twsz - -

Write Recovery Time twR 5 -

Write Pulse Width tww 60 -

Data Set Up Time Prior 
tos 15 -

to Write 

Data Hold Time After 
toH 15 

Write 
-

,. 
Address Set Up Time tAs 20 -
Address Hold Time tAH 15 -

Chip Select Set Up Time tcs 15 -

Chip Select Hold Time tcH 15 -

READ CYCLE TIMING DIAGRAM 

tcszR 

DouT VALID HIGH Z 

Max 

120 

35 

40 

Max 

40 

50 

-

-

-

-

-
-

-

1-90 

MBM 2125E MBM 212.SH 
Unit 

Min Typ Max Min Typ Max 

- 65 95 - 55 70 ns 

5 - 3-5 5 - 35 ns 

- - 40 - - 40 ns 

MBM 2125E MBM 2125H 
Unit 

Min Typ Max Min Typ Max 

- - 40 - - 40 ns 

5 - 50 5 - 45 ns 

60 - - 50 - - ns 

15 - - 5 - - ns 

15 - - 5 - - ns 

20 - - 15 - - ns 

15 - - 5 - - ns 

15 - - 5 - - ns 

15 - - 5 - - ns 

WRITE CYCLE TIMM*G DIAGRAM 

DouT 



Fig. 2-AC TEST CONDITIONS 

Input Pulse Levels: OV to 3.5V 
Input Rise and Fall Time: 10 ns 
Timing Measurement Reference Level: 1.5V 

Output Load (MBM 2115): R1 = 330.11, R2 = 600.11, 
CL= 30pF 

Output Load (MBM 2125): R1 = 510.11, R2 = 300.11, 
CL= 30pF 

(including scope and jig) 
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Vee 

Fig. 3 - MBM 2125 WRITE ENABLE TO HIGH Z DELAY 

DouT 

DouT 

DouT 

!.._________,1.5V I 
-I - twsz 

,--------

"O" / HIGH Z 
--------+) 0.5V 

"1" 
) 0.5V 

\ HIGH Z 
\_ _______ _ 

Vee 

-
Output Load: R1 = 750.11 

R2 = 500.11 
CL= 5pF 

Fig. 4 - MBM 2125 PROPAGATION DELAY FROM CHIP SELECT TO HIGH Z 

----1:::. 
r---------

1 
"0" / HIGH Z 

-------+-) 0.5V 

) 0.5V 

\~ _______ H~GH Z 
"1" 
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Vee 

-
Output Load: R1 = 750.11 

R2 =soon 
CL= 5pF 
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TYPICAL CHARACTERISTICS CURVES 

Fig. 5.- Ice VS TEMPERATURE 
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Fig. 7 - loL vs Vol 
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PACKAGE DIMENSIONS 

16 

R .040 (1.0) RE F 

~ 
1 

16-LEAD CERAMIC DUAL-IN-LINE PACKAGE 
(CASE DIP16-B) 

.760 (19.30) 

.800 (20.32) 

9 

8 

I 

1.287 (7 .29) 
299 (7.59) 

i 

J 

I 
_l.160 (4.06) MAX 

.120 (3.05) 

.140 (3.56) 

_j_ 

--:~"~ :··-1:. "·"' 
1 310 (7.87) 

~=!==~ 

1.008 (0.20) 
.012 (0.30) 

Dimensions in 
inches (millimeters) 

Circuit diagrams utilizing Fujitsu products are included as a 
means of illustrating typical semiconductor applications; con­
sequently, complete information sufficient for construction 
purposes is not necessarily given. The information has been 
carefully checked and is believed to be entirely reliable. However, 
no responsibility is assumed for inaccuracies. Furthermore, such 
information does not convey to the purchaser of the semicon­
ductor devices described herein any license under the patent 
rights of Fujitsu Limited or others. Fujitsu Limited reserves the 
right to change device specifications. 
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HIGH SPEED 4096-BIT (1024 X 4) STATIC RANDOM 
ACCESS MEMORY 

MB 8114 

The MB 8114 is a 4096-bit static 
random access memory organized as 
1024-words by 4 bits using N-channel 
silicon gate MOS technology. It uses 
fully static circuitry throughout and 
therefore requires no clocks or 
refreshing to operate. 

• Pin-out compatible to 2114 MOS RAM • All inputs and outputs have 

The MB 8114 is designed for memory 
applications where high performance, 
low cost, large bit storage and simple 
interfacing are required. The MB 8114 
is compatible with TTL logic families 
in all respects: inputs, outputs and a 
single +5V supply. 

• Fast access time: 
150 1'1$ max. (MB 8114H) 
200 1'1$ max. (MB 8114E) 
250 ns max. (MB 8114N) 

• Single +5V power supply 

• Low power dissipation 

• Common data input and output 
using three-state outputs 

• Standard 18-pin dual-in-line 
package 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Temperature Under Bias Top -10to+ 85 oc 

Storage Temperature Tstg -65 to +150 oc 

Supply Voltage Vee -0.5 to +7 v 

Input Voltage VIN -0.5 to +7 v 

Output Voltage VouT -0.5 to +7 v 

Power Dissipation Pw 1.0 w 

Note: Stresses above those listed under ABSOLUTE MAXIMUM RATINGS may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition 
above those indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 
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protection against static charge 

• Completely static memory 

PIN ASSIGNMENT 

As Vee 
A5 A1 

A4 As 

A3 Ag 

Ao 1/01 

At I/Oz 

Az /03 

cs 1/04 

GND WE 

PIN NAMES 

AOTO A9 ADDRESS INPUTS 

WE WRITE ENABLE 

cs CHIP SELECT 

1/01 -1/04 DATA INPUT/OUTPUT 
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Fig. 1 BLOCK DIAGRAM 

Vee GND 

+ + ....------.. 

A1 --------i .Al------" 

Ag ---------L---~ 

1/02 ------e-+-1-----1 

l/03 -------..+-+-+---! 

1/04 ----~------! 

cs----~-.... 

ROW 
SELECT 

INPUT 
DATA 

CONTROL 
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MEMORY ARRAY 
64 ROWS 

64 COLUMNS 

COLUMN 
1/0 CIRCUITS 
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DC CHARACTERISTICS 

Vee= 5V ± 5%, TA= 0°e to +70°e 

Parameter 

Output Low Voltage 

Output High Voltage 

Input Low Voltage 

Input High Voltage 

Input Load Current 

1/0 Leakage Current 

I /0 Leakage Curren~ 

Power Supply Current 

AC CHARACTERISTICS 

READeVeLE 
Vee= 5V ± 5%, TA= 0°C to +70°e 

Parameter 

Read Cycle Time 

Address Access Time 

Chip Select Time 

Chip Selection to Output Active 

Chip Select to Output Disable Time 

Symbol 

Vol 

VoH 

VIL 

V1H 

ILi 

ILOL 

ILOH 

Ice 

Previous Read Data Valid After Change of Address 

Conditions Min. Typ. Max. Unit 

loL = 2.1 mA 0.4 v 

loH =-1.0mA 2.4 v 

-0.5 0.8 v 

2.2 v 

VIN= 0 to +5.25V 10 µA 

CS= 2.2V 
-10 µA 

Vl/0 = 0.4V 

CS= 2.2V 
10 µA 

Vl/0 = 5.25V 

VIN= 5.25V 
1/0 = 0 mA 90 mA 
TA= 0°C 

Symbol Min. Typ. Max. Unit 

tRc 150 ns 

tAA 150 ns 

tco 70 ns 

tcx 0 ns 

tcD 50 ns 

toH 20 ns 
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WAVEFORM 

READ CYCLE 

Ao· Ag 

-------tAA------i 

INPUT /OUTPUT 

WRITE CYCLE 
Vee= 5V ± 5%, TA= 0°C to +70°C 

Parameter Symbol Min. Typ. Max. Unit 

Write Cycle Time twc 150 ns 

Address to Write Setup Time tAw 30 ns 

Data Setup Time tow 50 ns 

Write to Output Disable Time two 50 ns 

Chip Select Setup Time tcs 0 ns 

Chip Select Hold Time tcH 0 ns 

Write Recovery Time twR 20 ns 

Data Hold Time toH 0 ns 
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WAVEFORM 

Ao·Ag 

INPUT/OUTPUT 

DYNAMIC CONDITIONS OF TEST 

Input Pulse Levels: O.SV to +2.2V 
Input Rise and Fall Time: 10 ns 
Timing Measurement Input: 1.5V 

Reference Levels: 1.5V 
Output Load: 1 TTL Gate and CL= 50 pF 

CAPACITANCE 
TA = 25° C, f = 1 MHz 

Parameter 

Input/Output Capacitance 

Input Capacitance 

WRITE CYCLE 

DATA IN STABLE 

Symbol Min. Typ. Max. Unit 

Cl/0 5 pF 

C1N 5 pF 
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UV ERASABLE 
8192-BIT READ 
ONLY MEMORY 

MOS 8192-BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY 

The Fujitsu MB 8518 is a high speed 
8192-bit static N-channel MOS 
erasable and electrically reprogram­
mable read only memory (EROM). It 
is especially well suited for applica­
tions where rapid turn-around and/or 
bit pattern experimentation are 
important. 

A 24-pin dual-in-line package with a 
transparent lid is used to package the 
MB 8518. The transparent lid allows 
the user to expose the device to 
ultraviolet light in order to erase the 
memory bit pattern previously 
programmed. At the completion of 
erasure, a new pattern can then be 
written into the memory. 

The MB 8518 is fabricated using 
N-channel double polysilicon gate 

technology with single transistor 
stacked gate cells. A pin-for-pin 
equivalent mask programmed ROM, 
the Fujitsu MB 8308, is available for 
large volume requirements. 

• 1024 words by 8 bits organization, 
fully decoded 

• Fast programming (typ. 100 sec. 
for all 8192 bits) 

• Low power requirement (only 
one high-level pulse required) 

• No clocks required (fully static 
operation) 

• TTL compatible inputs and outputs 

• Three-state outputs with 0 R-tie 
capability 

• Chip Select (CS) lead for simplified 
memory expansion 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Temperature Under Bias TA -25 to+ 85 QC 

Storage Temperature Tstg -65 to +125 QC 

Inputs/Outputs (Except PRG and 
V1N1.VouT -0.3 to +15 v 

CS/WE) with Respect to Vas 

Program Input with Respect to Vas Vp -0.3 to +35 v 

CS/WE with Respect to Vas VIN2 -0.3 to +20 v 

Vee and Vss with Respect to VBB Vcc.Vss -0.3 to +15 v 

v00 with Respect to v88 Voo -0.3 to +20 v 

Power Dissipation Po 1.5 w 

Note: Permanent device damage may occur if ABSOLUTE MAXI MUM 
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. 
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MB 8518E/H 

• Choice of access times (450 ns or 
650 ns max.) 

• Standard (+12V and ±5V) power 
supplies 

• Standard 24-pin DIP package 

• Interchangeable with Intel 2708 

PIN ASSIGNMENT 

A1 Vee 
A6 As 

As 22 A9 

A4 21 Vss 

A3 CS/WE 

A1 19 Voo 

A1 18 PRG 

Ao 17 Os 

o, 16 07 

02 15 06 

03 14 Os 

04 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields. However. it is 
advised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high­
impedance circuit. 
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Fig. 1 - MB 8518 BLOCK DIAGRAM 

1------------1 
CS/WE 

Chip select & 
Output buffer 

Write enable logic 1---i (R/W) 

l 
Data input buffer Do 

I & Programming I PRG 
control D7 

!-----! 
01 Os 

1 l ------------
Yo v Column gating v I 

Column decoder 
I 

I I 
I I 

Y1s 

l l 
Xo 64 x 128 

I 
Row decoder 

I Cell matrix l .1 
x63 

Vee 

FUNCTIONS AND PIN CONNECTIONS 

~ 
Address 

Data 1/0 Vss PRG Voo CS/WE 
VBB Vee 

Input (GND) (Program) Supply Supply Supply 
e 

) 

(1~8, 22, 23) (9~11,.13~17) (12) (18) (19) (20) (21) (24) 

Read A1N DouT GND GND +12V VIL -SV +5V 

Deselect DON'T CARE HIGH Z GND GND +12V V1H -SV +5V 

Program A1N D1N GND 
PULSED +12V V1Hw -SV +SV +26V 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Recommended DC operating conditions and 0 ~ 70°C temperature range unless otherwise noted.) 

RECOMMENDED DC OPERATING CONDITIONS (Referenced to Vss) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Voo 11.4 12 12.6 v 

Supply Voltage Vee 4.75 5.0 5.25 v 

Supply Voltage Vss - 0.0 - v 

Supply Voltage Vss -4.75 -5.0 -5.25 v 

Input High Voltage V1H 3.0 - Vcc+1 v 

Input Low Voltage VIL Vss - 0.65 v 

DC CHARACTERISTICS (Pin 18 PRG must be tied to Vss during read operation.) 

Parameter Symbol Min Typ Max Unit 

Address and Chip Select Input Load Current (V1N=5.25V) ILi - - 10 µA 

Output Leakage Current (VouT=5.25V, GS/WE=5V) I Lo - - 10 µA 

Voo Supply Current (All lnputs=V1H, CS/WE=5V) loo * - 50 65 mA 

Vee Supply Current (All lnputs=V1H, CS/WE=5V) Ice * - 7 10 mA 

V66 Supply Current (All lnputs=V1H, CS/WE=5V) lss * - 30 45 mA 

Output Low Voltage (loL =1.6mA) VoL - - 0.45 v 

Output High Voltage OoH=-100µA) VoH1 3.7 - - v 
Output High Voltage (loH=-1mA) VaH2 2.4 - - v 
Power Dissipation (T A=70°C) Po - - 800 mW 

*Note: Typical values are measured at nominal voltage and TA=25°C; max. values at TA=0°C. 

CAPACITANCE (TA=25°C; f=1MHz) 

Parameter Symbol Min Typ Max Unit 

Input Capacitance (V1N=OV) C1N - 4 6 pf 

Output Capacitance (VouT=OV) CauT - 8 12 pF 

1-101 
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Fig. 2 - DYNAMIC TEST CONDITIONS 

Input Pulse Levels: 0.65V to 3.0V 
,"' Input Rise and Fall Time: ~20ns 

Timing Measurement Reference Levels: 0.8V and 2.8V for inputs 
0.8V and 2.4V for outputs 

Output Load: 1 TTL gate and CL =100pF 

DYNAMIC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

MB 8518E 
Parameter Symbol 

Min Typ 

Address to Output Delay tAcc - -

Chip Select to Output Delay tco - -
Chip Deselect to Output Float toF 0 -
Address to Output Ho Id toH 0 -
Chip Select Delay tcs* - -

Max 

650 

120 

120 

-
530 

*Note: tAcc=tcs + tco at tcs > 330ns, and tAcc=450ns (max.) at tcs <,;;: 330ns. 

OPERATION TIMING DIAGRAM 

Address 

--tcs----+--tco--

CS/WE 

1-----tAcc---~-. 

Data Out Data Out I nvalld 
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MB 8518H 
Unit 

Min Typ Max 

- - 450 ns 

- - 120 ns 

0 - 120 ns 

0 - - ns 

- - 330 ns 

~toF 

D Don'tCare 



TYPICAL CHARACTERISTICS CURVES 

Fig. 3 - NORMALIZED ACCESS TIME 
vs V 00 SUPPLY VOLTAGE 

~ 1 ·2 l--+-+---+--+--+---+-+T-A-+=-2-+5°-C-+---1 

j:: Vec=5V t--1 

~ 1.1 1--+-+-+-+---+---t--f' VB B=-5V t--1 
~ CL=100pF 

~ 1.0 f--t,._-tr-----T .... """'1-!-.,.._;;j;;;;;;~-io--t--i 
w 
N 
:::; 
~ 0,9 

~ l--+-+---+--+--+---+---+-+---1-t--I 

z 0.8 l--+-+---+--+--+---+--t-t---;l--t--1 

10 11 12 13 14 15 

Voo.SUPPLYVOLTAGE IV) 
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Fig. 4 - NORMALIZED ACCESS TIME 
vs Vee SUPPLY VOLTAGE 

~ 
w 1.2 r--'"'°~--+--t--t---l-t--+T-A-+-=-25-+0-C-t---1 

~ ~ v 00 =12Vt-­
~ 1.1 l--+--+-~-t--t--+---tVBB=-5V i--

~ ~ CL=100pF 

Cl 1.0 l--+--+--+--t--ci~~t-+-+--t--t---1 

~ I' 
~ 0.9 t--+-+--+---+--t--+---f"'"..-t-~---t---1--t 

~ 0.8 t--+---+---+--+--+---+--t-+-'t'--t--t--1 

4 4.5 5 5.5 6 6.5 

Vee.SUPPLY VOLTAGE IV) 

Fig. 5 - NORMALIZED ACCESS TIME 
VS Vas SUPPLY VOLTAGE 

w 1.2 l--+-+---+--+--+---+--+--t--t-t--1 

~ ~ 
~ 1.1 1--+-+---+--+--+--+-.L.-+v--__,_+--< 

~ 1.0 1--+-+---+--+v~lL,..__+-+--+---+--+--l 
~ ~ TA=25°C 
~ 0.9 _p1L v 00=12vt--

~ >-'+--+---+--+--+--+---l v ee=5V t--
z 0.8 CL =100pF 

-4 -4.5 -5 -5.5 -6 -6.5 

V BB• SUPPLY VOLTAGE IV) 

Fig. 6 - NORMALIZED ACCESS TIME 
vs AMBIENT TEMPERATURE 

Fig. 7 - NORMALIZED ACCESS TIME 
vs CL LOAD CAPACITANCE 

~1.2 y 
j:: JZ 
~1.1 ~ 
~ y 
~1.0 lL 
:::; ]/'I v 00 =12V 
~ 0.9 /] v ee=5V t--
~ t--+--+-+--+---+---+--+V BB=-5V t--
z O.B CL =100pF 

0 20 40 60 80 100 0 100 200 300 400 500 
TA, AMBIENT TEMPERATURE (°C) CL, LOAD CAPACITANCE lpF) 
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Fig. 8 - loo SUPPLY CURRENT 
vs Voo SUPPLY VOLTAGE 

-901--+-+-+--+---+--+--+--+--+--+--t 
<l: 
E 

~ 701--+-+-+--+---+--+--+--+--+--+--t 
w 
a: 

a 501---t---t---t---+o..~-~l--1-+i-"""-+--l--l--4 
>- ~ 
~ T A=25°C 
~301--1--1--1--1--1--t--1 Ci) v cc=5V t----1 

0 Vss=-5V t----i 
Cl CS/WE=5V 

- 101--+-+-+--+---+--+--+--+--+--+--t 

10 11 12 13 14 15 

Voo. SUPPLY VOLTAGE (V) 

Fig. 10 - lee SUPPL y CURRENT 
vs Vee SUPPLY VOLTAGE 
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~ y 
u ~ 
::;· -201------c±--~+-+-+-+-+--+--+--+--i 
o.. ..- TA=25°C 
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IXl CS/WE=5V 
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Vss. SUPPLY VOLTAGE IV) 

Fig. 12 - loL OUTPUT SINK CURRENT 
vs Vol OUTPUT LOW VOLTAGE 
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Fig. 9 - Ice SUPPL y CURRENT 
vs Vee SUPPLY VOLTAGE 

j,,...O -
T A=25°C 
V 00=12V t----1 

Vss=-5V t----1 
CS/WE=5V 
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V CC• SUPPLY VOLTAGE (V) 

Fig. 11 - loH OUTPUT SOURCE CURRENT 
vs VoH OUTPUT HIGH VOLTAGE 
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Fig. 13 - NORMALIZED SUPPLY CURRENT 
vs AMBIENT TEMPERATURE 
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PROGRAMMING/ERASING INFORMATION 

MEMORY CELL DESCRIPTION 

The MB 8518 is fabricated using a 
single-transistor stacked gate cell con­
struction, implemented via double­
layer polysilicon technology. The in­
dividual cells consist of a bottom 
floating gate and a top select gate (see 
Fig. 14). The top gate 1s connected to 
the row decoder, while the floating 
gate is used for charge storage. The cell 
is programmed by the injection of high 
energy electrons through the oxide 
and onto the floating gate. The pres­
ence of the charge on the floating gate 
causes a shift in the cell threshold 
(refer to Fig. 15). In the initial state, 
the cell has a low threshold (V THl) 
which will enable the transistor to 
be turned on when the cell is selected 
(via the top select gate). Programming 
shifts the threshold to a higher level 
(VTHal. thus preventing the cell tran­
sistor from turning dn when selected. 
The status of the cell (i.e., whether 
programmed or not) can be determined 
by examining its state at the sense 
threshold (VTHsl. as indicated by the 
dotted line in Fig. 15. 

PROGRAMMING 

Initially, and after each erasure, all 
bits are in the "1" (output high) state. 
Information is stored by programming 
a "O" into each desired bit location. 
Address and supply voltage (V00 , 

Vee. V66 and V55 ) input levels used 
in the read mode of operation are also 
applicable in the programming mode. 
For programming operation, the cir­
cuit is set up by applying +12V to 
the CS/WE lead (pin 20). The word 
address 1s then selected in the same 
manner as in the read mode, with data 
to be programmed applied 8 bits in 
parallel to the data lines (0 1-08 ). 

After address and data set up, one 
program pulse (Vp) per address is ap­
plied to the Program input (pin 18). 
One pass through all addresses to be 
programmed is defined as a program 
loop. The number of loops required 
(N) is a function of the program pulse 

Fig. 14 - MEMORY CELL 

DRAIN 

FLOATING GATE 

SOURCE 

Fig. 15 - MEMORY CELL THRESHOLD SHIFT 
a: 

~ 
iii z 
<( 
a: 
I­_, _, 
w 
u 
J: 
CJ 
:::l 
0 
a: 
J: 
I­
I­z 
w 
a: 
a: 
:::l 
u 

NOT PROGRAMMED 
"1" 

PROGRAMMED 
"O" 

PROGRAM 

ERASE 

VTH1 VTHS VTHO 
(NOT PROGRAMMED) (SENSE THRESHOLD) (PROGRAMMED) 

SELECT GATE VOLTAGE (V) 

width (tpw) according to the formula 
N x tpw ~ 100 msec. For program­
ming verification, program loops and 
read loops may be alternated as shown 
in "Read/Program/Read Transitions 
Diagram" on page 10. 

During programming, the selected row 
and column lines are pulsed to approx­
imately 22 volts, and the floating gate 
is charged (as described previously). It 
is the presence of these 22V pulses on 
the interconnected gates that leads to 
the requirement that all addresses must 
be programmed sequentially; program­
ming of single words or small blocks 
of words is not allowed, as transients 
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may be generated that cou Id partially 
alter the charge state of cells not 
being programmed. 

ERASING 

The MB 8518 can be erased by ex­
posure to high-intensity, shortwave 
ultraviolet light at a wavelength of 
2537 A. The recommended integrated 
dosage (UV intensity x exposure time) 
is 10Wsec./cm2 • Normally, commercial 
ultraviolet lamps should be used with­
out shortwave filters, with the device 
to be erased placed one inch (2 to 3cm) 
away from the lamp tube. It is suggest­
ed that a guard band of 3-4 times the 

(cont.) 
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PROGRAMMING/ERASING INFORMATION (continued) 

minimum required period for erasure 
be used, the minimum period being the 
time which appears to erase all bits. 
The guard band will ensure erasure at 
temperature and voltage extremes. Typ· 
ical guard band erase times for various 
UV source power ratings are: typically 
10 minutes for 12,000µW/cm 2 ; typi­
cally 30 minutes for 6,000µW/cm 2 . 

SUPPLEMENTARY INFORMATION 

Programming can be performed in ac­
cordance with the procedure described 
in "Programming" on page 7. A recom· 
mended circuit for programming pulse 
generation is shown in Fig. 16. The pro­
gram pulse high voltage (V PH) source 
must sink more than 20mA, and the 

program pulse low voltage (V PL) source 
should drive more than 8mA. 

The width of the program pulse can 
vary anywhere from 0.1 to 1.0 msec. 
The number of loops ( N) can vary 
from a minimum of 100 (tpw =1.0 
msec.) to a maximum of more than 
1,000 (tpw=0.1 msec.), depending on 
the value selected for tpw· Remember, 
however, there must be "N" successive 
loops through all 1024 addresses. It is 
incorrect to apply "N" program pulses 
to one address, change to the next 
address, and again apply "N" program 
pulses. 

With reference to the timing diagram, 
optimum or more efficient program-

ming is achieved when: 
tcss = tAs = t 05 = 10 µsec. 
tpw = 1.0 msec. 
tAH = toH = 1.0 µsec. 
tpR = tpF = 0.5 µsec. 

Thus the time for one address is: 
tAs + tpR + tpw + tpF + tAH = 

1.012 msec. 
For 100 loops and 1024 addresses, 
the total time to program an entire 
device will be: 

1.012 msec./address x 100 loops x 
1024 addresses = 103.6 sec. 

Note that the program pulse duty 
cycle is approximately 99%. Regard­
less of the length of the program pulse, 
the requirement for making successive 
passes through all addresses cannot 
be eliminated. 

Fig. 16 - SAMPLE PROGRAM PULSE DRIVER CIRCUIT 

Vsup=35V n---------------------------

Vcc=5V 
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50n 

20on 
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STATIC SPECIFICATIONS (TA=25°C, Voo=12V±5%, Vcc=5V±5%, Vss=OV, Vee=-5V±5%) 

Parameter Symbol Min Typ Max Unit 

Input High Voltage for Address and Data V1H 3.0 - Vee+1 v 

Input Low Voltage for Address and Data VIL Vss - 0.65 v 

Address and Data Input Load Current 
I LIA• lu D - 10 µA 

(V1N=5.25V, CS/WE=11.4V) 
-

CS/WE Input Load Current (CS/WE=12.6V) ILIW - - 10 µA 

CS/WE Input High Voltage VIHW 11.4 - 12.6 v 

V00 Supply Current 
loow - - 78 mA 

(All lnputs=V1H, PRG=VPL• CS/WE=11.4V) 

Vee Supply Current (All lnputs=V IH. CS/WE=11.4V) leew - - 12 mA 

V88 Supply Current (All lnputs=V IH, CS/WE=11.4V) lssw - - 50 mA 

Program Pulse Source Current lpL - - 8 mA 

Program Pulse Sink Current lpH - - 20 mA 

Program Pulse Low Voltage VpL Vss - 1 v 

Program Pulse High Voltage VpH - - 27 v 
Program Pulse Height - 25 - 27 v 

DYNAMIC SPECIFICATIONS (TA=25°C) 

Parameter Symbol Min Typ Max Unit 

Address Set Up Time tAs 10 - - µs 

CS/WE Set Up Time tess 10 - - µs 

Data Set Up Time tos 10 - - µs 

Address Hold Time tAH 1 - - µs 

CS/WE Hold Time tcH 0.5 - - µs 

Data Hold Time toH 1 - - µs 

Chip Deselect te Output Float Delay toF 0 - 120 ns 

Program to Read Delay toPR - - 10 µs 

Program Pulse Width tpw 0.1 - 1.0 ms 

Program Pulse Rise Time tpR 0.5 - 2.0 µs 

Program Pulse Fall Time tpF 0.5 - 2.0 µs 
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PROGRAMMING/ERASING INFORMATION (continued) 

PROGRAM MODE TIMING CHAGRAM 

i---------One Program Loop---------; 

Address Address 1 Address 1023 

Data Input 

Address 0 

10% JL 
READ/PROGRAM/READ TRANSITIONS DIAGRAM 

Read Loop----------Program Loop------1- Read Loop 

Address 

V1HW 

CS/WE 5V 
11V 

ov o.sv 

- tcH 

toPR-
Program 

Data 1/0 Data Out Valid 
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PACKAGE DIMENSIONS 

24 

R .025 (0.64) REF 

24-LEAD CERAMIC DUAL-IN-LINE PACKAGE 
(CASE DIP24-14) 

13 

12 

.578 (14.68) 

.598 (15.19) 

.008 (0.20) 

.012 (0.30) 

.590 (14.99) 

.610 ( 15.49) 

.090 (2.29l_j I 11=1 ~.036 (0.91) I .040 (1.02) 

.110 (2.101 I r-- --1 -j .04411.121 .060 (1.52) 

~·~~~~-.0-1-5-(04.-38-)~-1-.1-0-0-(2-7-.94-)_R_E_F__.. 

.023 (0.58) 
Dimensions in 
inches (millimeters) 

Circuit diagrams utilizing Fujitsu products are included as a 
means of illustrating typical semiconductor applications; con­
sequently, complete information sufficient for construction 
purposes is not necessarily given. The information herein has been 
carefully checked and is believed to be entirely reliable. However, 
no responsibility is assumed for inaccuracies. Furthermore, such 
information does not convey to the purchaser of the semiconduc· 
tor devices described herein any license under the patent rights of 
Fujitsu Limited or others. Fujitsu Limited reserves the right to 
change device specifications. 
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MOS 8192-BIT 
STATIC READ 
ONLY MEMORY 

MOS 8192-BIT MASK PROGRAMMED READ ONLY MEMORY 

The Fujitsu MB 8308 is a high per­
formance 8192-bit static N-channel 
MOS mask-programmed read only 
memory (ROM). The memory is 
organized as 1024 words by 8 bits -
a feature which simplifies the design 
of small memory systems, permitting 
incremental memory sizes as small 
as 1024 words. 

The fast access time allows the ROM 
to service high performance micro­
computer applications without stalling 
the processor. Two chip select input 
signals are logically ANDed together to 
provide control of the output buffers. 
As chip select polarity can be customer 
specified, addressing of 4 memory 
chips without external gating is 
possible. The outputs of unselected 
chips are turned off and assume a 
high-impedance state, enabling them 
to be OR-wired with additional 

MB 8308 devices and other 3-state 
components. 

• 1024 words by 8 bits organization 

• Choice of high speed access times 
(250 ns or 450 ns max.) 

• Two fully programmable chip select 
inputs 

• low capacitance inputs for simpli­
fied driving 

• Logic voltage levels compatible to 
TTL 

• 3-state output buffers for simplified 
expansion 

• Standard (+12V and ±5V) power 
supplies 

• N-channel silicon gate MOS tech­
nology 

• Mask-programmed version of 
Fujitsu MB 8518 EROM 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Temperature Under Bias TA -25 to+85 •c 

Storage Temperature Tstg -65 to +150 •c 

Voltage on Any Pin with Respect 
VIN• VouT -0.3to +20 v 

to VBB 

Power Dissipation Po 1.0 w 

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. 
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• Direct plug-in replacement for Intel 
8308/2308 

A, 

A• 

As 

A, 

A, 

A, 

Ao 
o, 
o, 
o, 

Vss 

PIN ASSIGNMENT 

o. 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields. However, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to this 
high-impedance circuit. 
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RECOMMENDED OPERATING CONDITIONS 
(Referenced to Vss) ·---=------------------,---~ 

I Parameter _s_y_m __ b_o_I -+---M-in_-+--__ T_YP_--i-----r-------t----~--
, Supply Voltage V00 11.4 12.0 
i--- --------- ----···----- -·-+----!------+------

4.75 5.0 · Supply Voltage 

[

'---------------·-

Supply Voltage 

Supply Voltage 

V5 s 0.0 0.0 
-----·-- -----j----------1 

V88 -4.75 -5.0 
------- ----------+----------- - ---r-------r------

Input High Voltage V1H 2.4 
----~-~--------j--------t-----+-----

~1 n_p_ut_L_o_w_v_o_lta_g_e _________ ~~-1 ___________________ _ 

STATIC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

1· Parameter Symbol Min Typ Max Unit 

Input Leakage Current (V1N = 5.25V) I LI - - 10 µA 
--

Output Leakage Current (Chip deselected) I Lo - 10 µA 

Output High Voltage (1 0 H = -4.0 mA) VoH1 2.4 - - v 
-

Output High Voltage (loH =-1.0 mA) VoH2 3.7 - - v 

Output Low Voltage (loL = 2.0 mA) VoL - - 0.45 v 

V cc Supply Current Ice - - 2.0 mA 

V00 Supply Current loo - - 60 mA 

V 88 Supply Current lss - 10 1000 µA 

Power Dissipation Po - - 775 mW 

CAPACITANCE (TA= 25°C; f = 1 MHz; V 88 = -5V; V00 , Vee and all other pins tied to V55 .) 

Parameter l Symbol Min Typ Max Unit 

Input Capacitance C1N - - 6 pF 

Output Capacitance CouT - - 12 pF 
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Fig. 1 - DYNAMIC TEST CONDITIONS 

Input Pulse Levels: 0.8V to 2.4V 
Input Rise and Fall Time: 20ns 
Timing Measurement Reference Levels: 1.0V and 2.0V for inputs 

0.8V and 2.4V for outputs 
Output Load: 1 TTL gate and CL ; 100pF 

DYNAMIC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

-1 Symbol 
MB 8308N 

Parameter 
Min I Typ 

Address to Output Delay tAcc - 200 

Chip Select to Output Delay 

:::--r = 
85 

Chip Select to Output Data Float 85 

Output Data Hold toH 0 -

OPERATION TIMING DIAGRAM 

Address 

>----tea ------< 

cs,. cs, 

Data Out DATA OUT 
FLOATING 

SELECTED 

INVALID VALID 

1-112 

Max 

450 

160 

160 

-

MB 8308E 

Min 

! 
~-

l 
-- i 
-

0 

INVALID 

Typ I Max 

160 250 

85 160 

85 160 

-1 -

DATA OUT 
FLOATING 

Unit 

ns I 

ns 

ns 

ns 
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Fig. 2 - MB 8308 BLOCK DIAGRAM 

A, 
Ao 

A, 

A• 
A, 

A• 

ROW 
DECODER 

A•----------------1 

A>----------------1 

Ai----------------1 

Ao----------------1 

CS, /CS, ----1 

CS,/CS 2 ----1 

CHIP 
SELECT 
CIRCUIT 

TYPICAL CHARACTERISTICS CURVES 

Fig. 3 - loL OUTPUT LOW CURRENT 
vs Vol OUTPUT LOW VOLTAGE 

0 0.1 0.2 0.3 0.4 0.5 
VOL• OUTPUT LOW VOLTAGE (V) 
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64x16x8 
CELL MATRIX 

COLUMN DECODER 

OUTPUT BUFFERS 

o, o, o, o. o, o. o, o, 

Fig. 4 - loH OUTPUT HIGH CURRENT 
vs VoH OUTPUT HIGH VOLTAGE 

2.4 2.8 3.2 3.6 4.0 4.4 

VoH.OUTPUT HIGH VOLTAGE (V) 
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l 
t­z 
w 
a: 
a: 
::::J 
u 

~ 
..J 
t­
::::J 
0.. 
t­
::::J 
0 

..:. 
0 

Fig. 5 - loL OUTPUT LOW CURRENT 
vs AMBIENT TEMPERATURE 

9 

7 

5 

3 

tJ=4]5) _ 
Vee~5.25V_ 

Voo=11.4V 

""" _,._ 
N -,._ 

t-1.. 
-i-

0 20 40 60 80 100 

TA, AMBIENT TEMPERATURE (°C) 

Fig. 7 - Ice. loo NORMALIZED 
vs AMBIENT TEMPERATURE 

~ 
~ o.91--+-:po.....i:N-t;....---0-1--1--+-+-+--+---l 

~ ~ a o. 11--+-+-+-+--+--+---1".....i::N-+,..._--1'----l 

~ ~I 
g; 0.5t--+--+---+--+--+--+---+---+--+~f--f 
::::J 
VJ 
Cl 
~ 0.3t--+--+---+--+--+--+---+---+--+-f--f 

~ Voo=12.6V -

~ 0_ 1 t--+-+--+---+--+--+- v cc=5.25V . ___, 
o Vee=-4.75V 
z 

0 20 40 60 80 100 

TA, AMBIENT TEMPERATURE (°C) 

Fig. 9 - tAcc NORMALIZED 
vs AMBIENT TEMPERATURE 

~ 1 .31--+-+-+--+--+--l--+-+--+--1--l 
..J 
w 
Cl 

~ 5 1.11--+-+-+-+--+--+-+-+ -+.--"---J,.....iF-1 
~~ ,,,,,.. 
w::::l V" g 0 0.91--+-+,_,-+~---cl.,,,.,,.F-+-+-+-+--+--t 

~ v w 0.71---+--t---+--+--+--+-+-+---t-t----i 
N 
~ Vcc=5.25V -I 
:;:a: 0_51--t--+--+--+--+---+- v 66=-5.25V -I 
0 V00 =11.4V 

z 0 20 40 60 80 100 

TA, AMBIENT TEMPERATURE (°C) 
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Fig. 6 - loH OUTPUT HIGH CURRENT 
vs AMBIENT TEMPERATURE 

1 -91--t---t---t---t---t---t--tJ=4J5v1 ___, 
t- Vee=-5.25V-l 
:'ii ~ v00 =11.4V 
a: -71-t-+--P..,... ..... ::::t--+-+-t-1--1 
~ ~ 
u a -51-+--+--+--+--+--+--+--+---t~f--f 

I 
t-
~ -31--+-+---+--+--l--+--+--+--+----4--1 
t-
::::J 
0 
I -1>-+---+--+---+--+--+--+-+----4-1----l 

.9 

>-

0 20 40 60 80 100 
TA, AMBIENT TEMPERATURE (°C) 

Fig. 8 - /:;.OUTPUT DELAY TIME 
vs /:;. CAPACITANCE 

40t--1cJ=5.J5}-+--+--+-+-+------j'---I 
I- Vee=-5.25V-+-+-+-+--+--+--I 

Voo=11.4V 

-401--+--+---+--+--+--+---+--+---t---tf--I 

-80 -40 0 40 80 120 

fi CAPACITANCE (pF) 

Fig. 10 - tco NORMALIZED 
vs AMBIENT TEMPERATURE 

~ 1.31--+-+--t---+--+--+--+-+-+---t--1 
w 
Cl 

t- t-
~ ~ 1 .11--t--+--t---+--+--+--+-+-+l-'1--oi-

ul 5 ....i.--
Vl O ~ 
!?:: 0 0.9\--1--+-::: ..... '"F"-+--+--+-+-+--l-I 
5 t- -+-t'""'1 
Cl 
~ 0.7 l--+--+---+--+--+--+--+--+--+----4--1 

~ >----+-+---+---+--+--+- Vcc=5.25V -

::!: >----+-+---+---+--+--+- Vee=-5.25V _ 
~ 0.5 Voo=11.4V 
z ._..._..i-..1---'--'"-__._-'-__..,..__..__.__, 

0 20 40 60 80 100 

TA, AMBIENT TEMPERATURE (°C) 
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PROGRAMMING INFORMATION 

The Fujitsu MB 8308 is factory-pro­
grammed utilizing a metal mask design­
ed to the customer's specifications. 
Data for MB 8308 programming 1s 
normally submitted on punch cards or 
paper tape, following the procedures 
outlined below (note that in the ex­
amples given, positive logic convention 
is used). A printout of the truth table 
should be supplied with the order. 

CHIP SELECT OPTION 
There are two chip select pins (CS 1 /CS 1 

and CS2 /CS2 ) on the MB 8308. The 
input code for these pins is a customer 
option to be spec1f1ed according to the 
chip select truth table on this page. 

ADDRESS/DATA FORMAT 
The MB 8308 has 1024 address loca­
tions, each address containing 8 data 
bits (either logic "1" or logic "O"). The 
data to be programmed in each address 
location is provided by the customer in 
the form of two hexadecimal digits 
per address followed by a separation 
notation consisting of either a blank 
for punch cards or a decimal point 
(".") for paper tape. The first hexa­
decimal digit corresponds to bits 5 to B 
for the address, while the second hexa­
decimal digit corresponds to bits 1 to 
4. The address of the 8 bits to be pro­
grammed 1s assigned using three hexa­
decimal digits for punch cards and four 
hexadecimal digits for paper tape. If 
an address 1s not selected, the 8 bits in 
that address are considered to be posi­
tive logic "O's". 

PUNCH CARD FORMAT 
80-column Hollerith cards should be 
used, punched with an IBM 026/029 
keypunch or equivalent. The first card 
is a title card, the second is for defining 
the chip select option desired, and the 
remaining 64 cards are for defining the 
bit pattern to be programmed for all 
1024 addresses. 
The format used requires only 64 cards 
for defining the data to be program­
med. Each of the data cards contains 
the 8 bits of data for each of 16 address 

locations. The 16 address locations in­
clude the address punched in columns 
21 -23 of the card and the next fifteen 
sequential locations. The address is de­
fined by a 3-digit hexadecimal number 
and must be 000 (the first address in 
memory) or one of any multiple of 16 
up to 3FO (the last address in memory 
minus 15, or decimal number 1,008). 
In other words, all data 1s handled in 
blocks of 16 addresses, with the first 
address for each block being one of 64 
possibilities; 1.e., 0, 16, 32, 4B, 64, 
80, ... 1008. If any block of 16 ad­
dresses is left out of the punch card 

deck, all the data in those addresses 
will be automatically masked as zeroes. 

Data is punched in columns 30-76, 
starting with the 8 bits of data associ­
ated with the address in columns 21-
23 of the card; this is continued for the 
next fifteen address locations. Each 8 
bits of data for the address are punched 
in two adjacent columns as any two-dig­
it hexadecimal number from 00 (binary 
00000000) to FF (binary 11111111). 
Be sure to leave a blank space between 
each two-digit data input hexadecimal 
number entered (i.e., columns 32, 35, 
etc.). 

CHIP SELECT TRUTH TABLE 

CHIP SELECT SELECTED 
---~I 

NUMBER 
r--- -

CS2/CS2 CS 1 /CS 1 
DESELECTED 

0 0 0 0 0 1, 1 0, 1 1 
0 1 0 1 0 0, 1 0, 1 1 
1 0 1 0 0 0, 0 1, 1 1 

'--
1 1 1 __ 1 __ _1 _____ o ~_1~ _ ___1__Q__ 

PUNCH CARD DEFINITION TABLE 

Title Card 
Columns 1 - 9 Blank 
Columns 10 - 29 Customer's nal'ne, ROM pattern number, etc. 

Any alpha-numeric characters 
Columns 30 - 31 Blank 
Columns 32 - 37 

Columns 3B - 80 
Chip Select Card 

Columns 1 - 30 
Columns 31, 33 
Columns 32, 34 - 80 

Data Cards 
Columns 1 - 20 
Columns 21 - 23 

Columns 24 - 29 

Columns 30 - 76 

Columns 77 - 80 

1-115 

Punch a right-justified decimal number to indicate the 
total number of bit "1 's" in the data field of the ROM. 
The maximum number is 8192. The chip select code 
bits are not included in this number. Note that this is 
an optional check, and the card field may be left blank. 
Blank 

Blank 
Chip select numbers (00, 01, 10, or 11) 
Blank 

Blank 
Address. A hexadecimal number between 000 and 3FO 
1s entered. Note that column 23 is always zero. 
Blank 

Data. Two columns per address starting with the 8 
bits of data for the address punched in columns 21-
23 are entered. Each 8 bits of data is coded as a hexa­
decimal number., 00 through FF. Leave a blank be­
tween each two-digit hexadecimal number. 
Blank 
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PAPER TAPE FORMAT with the punch cards, up to 64 ad­
dresses may be used. The address is 
defined by a four-digit hexadecimal 
number which must be 0000 or any 
multiple of 16 up to 03FO. Data num­
bers follow the address, and are as­
sumed to be the data for addresses 
incremented in ascending order starting 
with the last address defined by "#". 
A data number used is any two-digit 
hexadecimal number from 00 to FF, 
and must be followed by a decimal 
point("."). 

Punched paper tape may be utilized to 
provide memory data information. Ei­
ther an 8-bit ASCII code or ISO code 
with even parity can be used, with the 
tape format identical to that used for 
punch cards. Thus, the tape will have a 
title section, a chip select section and a 
data section. However, the chip select 
section should be coded last on the 
paper tape. Also, there is no data check 
total, as provided on the title punch 
card (columns 32-37). 

Title Section- Up to 20 alpha-numeric 
characters are permitted. The first entry 
is "$" and the last is "LF" (line feed). 

Data Section- Type "#" before an 
address and after an address. As 

Unlike punch cards, the tape option 
does not require that an address be 
denoted prior to every block of 16 
addresses of data. In other words, a 
successive string of data for more than 
16 address locations is permitted. How-

Title 
Card 

E'ig. 11 - EXAMPLE PUNCH CARD DECK 

(first of 64) 

Card I I II I I It I I I 
DataL • • . c c rr ' - « " ,. o• -

0 ~ ~ ~ 0 ~I!~~ I B ~ • ·~ t ~~!·~~I~~ 0 ~ 0 ~~ 0 ~~.~! 0 !,o ~~~I 0 0 ~ 110 ! 11,!~ 0 ~ 0 ~ 0 ! I 0 !~I~~ o. 0 o, 0 o~ 01 o. 0 o, ~~ 

Chip 
Select 
Card 

111!1111111111111!1ltlll11111l11111tllll11111111111\llllll1111tllllllll1111llllt 

21112112112111121111111121111111121111111111111111111111112111111111111111111111 

I 0 0 I 0 0 I~ I 0 I 0 0 111 0 I G 0 0 I 0 0 0 I 0 I 0 0 0 1I111 0 0 I 0 0 0 11 ! O O O O I I 11 o IO Io o O O o GI O IO IO O I I IO 11 B 11 O 
'' '' '. '. '""" ""'"'" "''~''""" '~" '"""~"~"~"~~'"'' """'""'q"~""~~"~''""~'"'~"'"" ""~"'"""""""'~ 
1111111111111111111111111111111111111111111111111111111111111111111111111111111\ 

222l1ll1212212l121122lZ11l1l2l2llZ121l1Z1l1l2l2l212221211111112l22211211l1211l11 

,...,_ rr-1 111 \,J inl 3 lll 

I I HHUUl 

I 111115151 
• 11110I11111llllD1111 0 I~ I 0 ii 0 O I 0 0 111 0 I IQ 0 I 0 I 0 I 8 I 0 1111o111OOOO11 O o O IO O O O O 1111 O ~ O o I 
, , , , , , , , ''"'""""""""~"""'''"'""""'" "~"~"""""""'"""'~"~''"~""""""~""""'"" """' """""'""'" ''s r.•111; 
1!11\11111lll1111llltl!11111111\111\11111!Il111111111111111111111111I11II1111111 

!HH!!!! 

0i!HHIU 

111lll111 

'1i,>,l,!,I,!,! 

~ 

lZ1lZZ12111111l1ll2111lll1ll1ll22lll1lll12lll1lllllll1l221211111111111lll2121l1l 

llllll)lllllllllllllllllllllllllllllllllllJlllllllllllllllllllll3lllllllllllllll 

1114111illl1444l444144411111141414441444414444444114414!111111111111114411144411 

SS5S55$S55S555S5Sl5S5S55S5S55555555l55555S5S5l5SSl55555S555555551555555555ll515\ 

llllllOlllUll&lli&iilllllHlillllliliii&iilliiliilil&lililHliiHlli&liliil&lli 

11111111111Jl1111111111111171111111111111111711117111111111111111111111117111111 

llltlllllllllll11111111111111111111111Hllllllli!IUlllH11111111111111111111111 

Jllltllllllllllll,15111191Blllll1119!!!9U!!llll!S!!9!!!9!11Jll!911911191!!!~!! 

~ 

'>>•>•'I'""'"'""" '"q"n~,.~~,,~~"""""n"u""~'"'"'"''" '""""'''"", ~ '""' """"' ''"""'""'""); '"" 
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ever, any punched address must follow 
the rule that it be 0000 or a multiple 
of 16 up to 03FO. In order to facilitate 
checking, we suggest that an address 
label be used between every block of 
16 locations programmed. 

Any block of memory locations not 
punched will be treated as zeroes. At 
the end of the data section, punch")"; 
thus, the last punches in this section 
will be a hexadecimal data number 
followed by a decimal point and ")". 

Chip Select Section- Type "*" before 
and after the chip select number. This 
entry will be made directly after the 
data section end mark ")". As before, 
entries can be 00, 01, 10 or 11. Chip 
select entry example is * 1 O*. 

PAPER TAPE CODE TABLE 

Character Use 

$ Title start 
LF (line feed) Title end 
# Address start 
.(comma) . Address end 
. (period) : Data separation 
) l Data section end 
* Chip select start/end 

MARKING 
Up to three alpha-numeric digits are 
permitted for proprietary identification 
of a customer's ROM. These numbers 
will be marked on each package. For 
convenience, we suggest that these 
numbers be included as the last three 
digits of the title card or the title sec­
tion of the tape, whichever is used, in 
the allocated space. Also, customers 
are requested to indicate marking in­
structions on their purchase order. 
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HEXADECIMAL NUMBERING SYSTEM 

The hexadecimal (HEX) numbering 
system has a base of 16 and consists 
of 16 symbols. The table shown lists 
the binary (base 2) and decimal (base 
10) equivalents to the hexadecimal 
numbers. 

The programming rules .require that 
data inputs be handled in blocks of 16 
sequential memory locations starting 
with address 0 10 . Thus, the addresses 
for the first memory location of each 
block are, respectively, 0, 16, 32, 48, 
64, and so forth up to 1008 (decimal). 
In hexadecimal, these numbers are, 
respectively, 000, 010, 030, 040, 050, 
and so forth, up to 3FO. Note that the 
last digit for any of these addresses is 
always 0. 

HEX CONVERSION TABLE 

In a typical memory system, a "word" 
is defined as a block of data bits, usual­
ly 8 or 16 bits in length. The MB 8308 
is organized to provide 8 bits of parallel 
data at its output at one time. Thus, 
1024 address locations are required to 
locate all 8,192 bits (1024 x 8). For 
programming purposes, the addresses 
are numbered from 0 10 to 1023 10 or 
HEX 000 to HEX 3FF. 

PACKAGE DIMENSIONS 

24·LEAD CERAMIC DUAL-IN-LINE PACKAGE 

(CASE DIP240-8) 

24 

A .025 (0.64) REF 

-~~___r:===========~~-=~~-. -T~-

110(2.79) 

1.100 (27.94) REF 

.090 12.291_1' 1- ___j 11 
,1~~~--~----+~~~~ 

015 (0.38) 
023 (0 58) 

----1 200 t 08) MAX 

I~-1T~2:r~~ 
I 

040 (1.02) 
060 (1.52) 
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! 008 (0 'W) 
o 12 W.30) 

I HEX 

1_Nuf•' 
I 3 

,590 ( 14.99) 
.610 (15 49) 

4 
5 
6 
7 
8 
9 
A 
B 
c 
D 
E 
F 

D1menswns in 

mches{m1lhmeters) 

Decimal Binary 
Number Number 

0 0000 
1 0001 
2 0010 
3 0011 
4 0100 
5 0101 
6 0110 
7 0111 
8 1000 
9 

I 

1001 
10 1010 
11 1011 
12 1100 
13 1 1101 

I 
14 1110 
15 1111 

Circuit diagrams utiliZlng 
Fujitsu products are includ­
ed as a means of illustrating 
typical semiconductor appli­
cations; consequently, com­
plete information sufficient 
for construction purposes is 
not necessarily given. The 
information herein has been 
carefully checked and is be­
lieved to be entirely reliable. 
However, no responsibility 
is assumed for inaccuracies. 
Furthermore, such informa­
tion does not convey to the 
purchaser of the semicon­
ductor devices described 
herein any license under the 
patent rights of Fujitsu 
Limited or others. Fujitsu 
Limited reserves the right to 
change device specifications. 
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Bipolar 
Memories 





llll/111111111111111111111111111111111111111111111111111111111111 

FUJITSU 

11111111111111111111111111111111111111111111111111111111111111111 

ECL 128-BIT BIPOLAR 
RANDOM ACCESS 
MEMORY 

MB 7047 

128-BIT BIPOLAR ECL RANDOM ACCESS MEMORY 

The Fujitsu MB 7047 is a fully de­
coded 128-bit read/write ECL random 
access memory designed for high-speed 
scratch pad, control and buffer storage 
applications. This device is organized 
as 128 words by one bit, and it features 
on-chip voltage compensation for 
improved noise margin, two active 
low chip select lines for ease of memory 
expansion, and has a separate data in 
and non-inverting data out line. 

The MB 7047 offers extremely small 
cell and chip sizes, realized through 
the use of Fujitsu's patented DOPOS 
(Doped Polysilicon) processing. With 
cell size reduced to approximately 
half that of normal, ultra-fast access 
time with high yields and outstanding 
device reliability are achieved in volume 
production. 

Operation for the MB 7047 is specified 
over a temperature range of from 0°C 
to 75°C (ambient). The device comes 

in a hermetically-sealed glass/ceramic 
dual-in-line package, and is compatible 
with industry-standard 10K-series ECL 
families. 

• 128 words x 1 bit organization 

• On-chip voltage compensation 
for improved noise margin 

• Fully compatible with industry­
standard 10K-series ECL families 

• Patented DOPOS processing 

• Outstanding read access time of 
9 ns (typ.) 

• Ultra-fast chip select time of 4.5 ns 
(typ.) 

• Low power requirement (3 mW/bit 
dissipation) 

• Multiple chip select leads for 
simplified memory expansion 

• Pin compatible with the 
MCM10147 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

VEE Pin Potential to Ground Pin VEE +0.5 to -7.0 v 

Input Voltage VIN +0.5 to VEE v 

Output Current (DC Output High) 1ouT 30 mA 

Temperature Under Bias TA -55 to +125 oc 

Storage Temperature Tstg -65 to +150 oc 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS 
are exceeded. 

2-4 

PIN ASSIGNMENT 

Vee 1p Veeo 

Ao 2 15 DouT 

A1 3 14 cs, 

A2 4 13 CSo 

A3 5 12 WE 

A4 6 11 D1N 

As 7 10 A6 

VEE 8 9 N.C. 

Small geometry bipolar integrated circuits 
are occasionally susceptible to damage from 
static voltages or electric fields. It is there­
fore advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximLllTI rated voltages to this 
device. 
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GUARANTEED OPERATING RANGES 

Supply Voltage (VEE) 
Part Number Ambient Temperature 

Min Typ Max 

MB 7047 -5.46V -5.2V -4.94V 0°C to 75°C 

DC CHARACTERISTICS 
(Vee= OV, VEE = -5.2V .Output Load= 50D to -2.0V, Air Flow ~2.5m/s, unless otherwise noted.) 

Parameter Symbol Min Typ Max Unit TA 

Output High Voltage 
-1000 -840 0°C 

VoH -960 -810 mV 25°C 
(V1N = V1Hmax or V1lminl 

-900 -720 75°C 

Output Low Voltage 
-1870 -1665 0°C 

Vol -1850 -1650 mV 25°C 
(V1N = V1Hmax or V1lmin) -1830 -1625 75°C 

Output High Voltage 
-1020 0°C 

Vo He -980 mV 25°C 
(V1N = V1Hmin or V1lmaxl -920 75°C 

Output Low Voltage 
-1645 0°C 

Vole -1630 mV 25°C 
(V1N = V1Hmin or V1lmaxl -1605 75°C 

Input High Voltage 
-1145 -840 0°C 

V1H -1105 -810 mV 25°C 
(Guaranteed Input Voltage High for All Inputs) 

-1045 -720 75°C 

Input Low Voltage 
-1870 -1490 0°C 

V1l -1850 -1475 mV 25°C 
(Guaranteed Input Voltage Low for All Inputs) 

-1830 -1450 75°C 

Input High Current (V1N = V1Hmaxl l1H 35 µA 0° to 75°C 

WE Input High Current (VIN= V1Hmaxl l1H 75 µA 0° to 75°C 

Input Low Current (V1N = V1 lminl l1l -6 6 µA 0° to 75°C 

Power Supply Current 
lee 

50 75 100 
mA 

25°C 
(All Inputs High and Output Open) 105 0° to 75°C 

CAPACITANCE 

Parameter Symbol Min Typ Max Unit TA 

Input Pin Capacitance C1N - 4 5 pF 25°C 

Output Pin Capacitance CouT - 7 8 pF 25°C 

2-5 



1111111111111111111111111111111111111111111111111111111 

FUJITSU 

MB 7047 lllllllllllllllllllllllllllllllllllllllllllllllllllllll 

AC CHARACTERISTICS 
(Vee= OV, VEE = -5.2V±5%, Output Load= 50i1 to -2V and 15pF to Vee. Air Flow ~2.5m/s, unless otherwise noted.) 

Gnd 

1,16 

15 

8 

I VEE 

READ CYCLE 

Parameter 

X-Address Access Time 

Y-Address Access Time 

Chip Select Access Time and Recovery Time 

Fig. 1 - AC TEST CONDITIONS 

t," tf" 2.5ns typ 

Output Load: RL = 50i1 
CL= 15pF 

-- .. I 

(Including Jig and Stray Capacitance) 

Symbol Min Typ Max Unit TA 

tAAX 9.0 12.0 ns 25°C 
14.0 0° to 75°C 

tAAY 7.0 10.0 ns 25°C 

12.0 0° to 75°C 

tAe.tRe 
4.5 8.0 ns 25°C 

8.5 0° to 75°C 

READ CYCLE TIMING DIAGRAMS 

DouT 

M"~~-----
__; ~>------tAA-~j-;-

DouT ----------~ 

2-6 
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WRITE CYCLE 

Parameter Symbol Min Typ Max Unit TA 

Write Pulse Width tww 
. 8.0 -- - ns 0°to 75°C 

Write Recovery Time twR 
.. -- -- 8.0 ns 25°C 

X-Address Set Up Time tsAx** 4.0 -- - ns 25°C 

Y-Address Set Up Time 
.. 

3.0 25°C tsAY -- - ns 

Chip Select Set Up Time tsc 
.. 1.0 -- - ns 25°C 

Data Set Up Time tso 
.. 1.0 -- - ns 25°C 

Address Hold Time tHA 
.. 3.0 -- - ns 25°C 

Chip Select Hold Time tHc 
.. 1.0 -- - ns 25°C 

Data Hold Time tHo 
.. 1.0 -- - ns 25°C 

*Note: tww measured at ts A= 4.0ns 
**Note: Values indicated measured at tww = 8.0ns. 

WRITE CYCLE TIMING DIAGRAM 

-~ -¥ .11 

X-Address 

Y-Address -i 

~ 
t---tH~ 'i.:::=-tso-

DIN 

X- f::.. tHA 
1---tsAY - tHc 

WE 

ts AX tww~ 

:f tsc -------------
twR 

RISE TIME and FALL TIME 

Parameter Symbol Min Typ Max Unit TA 

Output Rise Time t, - 1.2 - ns 25°C 

Output Fall Time t1 - 1.2 - ns 25°C 

2-7 
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TYPICAL CHARACTERISTICS CURVES 

Fig. 2 - VoH OUTPUT HIGH VOLTAGE 
vs AMBIENT TEMPERATURE 
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::> 
0 

6 -1. 1 f--+--+---+---+--+--+--+---+---+--+---4 
> 

0 20 40 60 80 100 

TA· AMBIENT TEMPERATURE (°C) 

> 

Fig. 3 - Vo L OUTPUT LOW VOLTAGE 
vs AMBIENT TEMPERATURE 
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w 
<.:> 
<t 
l-c5 -1.5 

> 
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g -1.6 <---+--+---+--+--+---1---+---+---+---+---4 

I-
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~ -1. 7 f---+-+-+--b..1-"""i""=C+--+--+--+--i 
0 ~ 

...J 

~ -1.8 l--+---+--+---+--+--1--+----+---+---l----' 

0 20 40 60 80 100 

TA. AMBIENT TEMPERATURE (°C) 

Fig. 4 - IEE SUPPLY CURRENT 
vs VEE SUPPLY VOLTAGE 

~ 14 
3 
I-
z 
w 
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a: 
::> 
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2 
J: 
I-

8 ::> 
0.. 

~ 
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Fig. 5 - l1H INPUT HIGH CURRENT 
vs AMBIENT TEMPERATURE 
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16 

I- 12 
z 
w 
a: 
a: 
::> 
() 

1-
::i 
0.. 
z 

8 

4 

0 

Fig. 6 - 11 INPUT CURRENT 
vsV1 INPUT VOLTAGE 

µ 

-6 -4 -2 0 +2 +4 

V,, INPUT VOLTAGE (V) 
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~ 

11 c 

w 
::;: 
i= 10 (/) 
(/) 
w 
() 
() 
<( 9 
(/) 
(/) 
w 
a: 
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0 
<( 

<i: 
7 :!-

Fig. 7 - tAA ADDRESS ACCESS TIME 
vs AMBIENT TEMPERATURE 

I 

-l-1 

I 
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TA, AMBIENT TEMPERATURE (°C) 

Fig. 9 - tww WRITE PULSE WIDTH 
vs AMBIENT TEMPERATURE 
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DouT ../ 

0 40 80 
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Fig. 8 - tAA ADDRESS ACCESS TIME 
vs VEE SUPPLY VOLTAGE 
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Fig. 10 - tww WRITE PULSE WIDTH 
vs VEE SUPPLY VOLTAGE 
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FUNCTIONAL DESCRIPTION/APPLICATIONS INFORMATION 

Functional Descriptien 

The Fujitsu MB 7047 is a 
fully decoded 128-bit read/ 
write random access memo­
ry organized as· 128 words 
by 1 bit. Memory cell selec­
tion is achieved by means of 
an 7-bit address designated 
A0 - A6 • Two active low 
chip select (CS) inputs are 
provided for increased logic 
flexibility, permitting mem­
ory array expansion up to 
512 words without addi­
tional decoding. For larger 
memories, the fast chip se­
lect access time permits the 
decoding of CS from the 
address without affecting 
system performance. 

Read and write operating 
modes (all CS inputs low) 
are controlled by. the state 
of the active low write en­
able (WE) input. With WE 
held low, ·the chip is in the 
write mode; in this condi­
tion, DouT is low and the 
data at D1 N is written into 
the addressed location. With 
WE held high, the chip is in 
the read mode; data in the 
addressed location is then 
transferred to DouT and 
read out non-inverted. 

DouT is low except when 
reading out a stored high. 
Open emitter outputs are 
provided on the MB 7047 to 
allow maximum flexibility 
in output wired-OR connec­
tion for memory expansion. 

X-Address 
Decoder 

Fig. 12 - MB 7047 BLOCK DIAGRAM 
LOGIC DIAGRAM 

Word 
Driver 

16 x 8 
Memory Cell 

Array 

Sense Amp 
& 

Write Driver 

TRUTH TABLE (Positive Logic) 
INPUT OUT 

cs WE D,N PUT 

DouT 

MOOE 

DISABLED 

WRITE "O" 

WRITE "I" 

READ 

Y-Address 
Decoder 

X"" Don't Care 

Fig. 13 - LARGE-SYSTEM APPLICATION 

A,-
A,-
A3- Bu~toall 
Ao-} 
A.4- AddreS<and 
As- WE111put• A,-
WE-

g;~;=============--__j_ ____ _J 

D1N9--------------+-------+ 

g~~~~====-======~-----J 
Do~T9--------+------+ 
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PACKAGE DIMENSIONS 

16-LEAD CERAMIC DUAL-IN-LINE PACKAGE 
(CASE DIP16-A) 

.760 119.301 

.800 120.321 

-I [--.050 11 271 MAX 

_j_ 
-·-===""" 490 

1

.290 (7 .37) 

.310 (7.871 

-====rl= ____L 
I 008 10 201 
.012 (0.30) 

I , 

.07011.781[~ .088 12.24) __!_ 160 l~.06) MAX 

·""' ,,.,,, ~ J k .020 10.511 .12013.051 
.06211.5811 1- .04311.101 .140(356) 

.90 (2.29) I 03210.81) I 
.110 (2.79)~ ---I 1 REF 

I _01510 _381 .700117.781 REF 

.023 10.581 Dimensions in 
inches (millimeters) 

Circuit diagrams utilizing Fujitsu products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information herein has been carefully 
checked and is believed to be entirely reliable. However, no 
responsibility is assumed for inaccuracies. Furthermore, such 
information does not convey to the purchaser of the semi­
conductor devices described herein any license under the patent 
rights of Fujitsu Limited or others. Fujitsu Limited reserves the 
right to change device specif1cat1ons. 
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256-BIT BIPOLAR ECL RANDOM ACCESS MEMORY 

The Fujitsu MB 7042 is a fully decoded 
256-bit read/write random access 
memory designed for high-speed 
scratch pad, control and buffer storage 
applications. This device is organized 
as 256 words by one bit, and it features 
on-chip voltage compensation for 
improved noise margin, three active 
low chip select lines for ease of memory 
expansion, and has a separate data in 
and non-inverting data out line. 

The MB 7042 offers extremely small 
cell and chip sizes, realized through 
the use of Fujitsu's patented DOPOS 
(Doped Polysilicon) processing. With 
cell size reduced to approximately half 
that of normal, ultra-fast access time 
with high yields and outstanding 
device reliability are achieved in 
volume production. 

Operation for the MB 7042 is specified 
over a temperature range of from 0°C 
to 75°C (ambient). The device comes 

in a hermetically-sealed glass/ceramic 
dual-in-line package, and is compatible 
with industry-standard 1 OK-series 
ECL families. 

• 256 words x 1 bit organization 

• On-chip voltage compensation for 
improved noise margin 

• Fully compatible with industry­
standard 10K-series ECL families 

• Patented DOPOS processing 

• Outstanding read access time of 
9 ns (typ.) 

• Ultra-fast chip select time of 
3.5 ns (typ.) 

• Low power requirement (2 mW/ 
bit dissipation) 

• Multiple chip select leads for 
simplified memory expansion 

• Pin compatible with the F10410, 
MCM10144/10152, and HM2106 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Vee Pin Potential to Ground Pin Vee +0.5to -7.0 v 

Input Voltage VIN o.5 to Vee v 

Output Current (DC Output High) louT 30 mA 

Temperature Under Bias TA -55 to +125 oc 

Storage Temperature Tstg -65 to +150 oc 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS 
are exceeded. 

2-12 

MB 7042 

PIN ASSIGNMENT 

Ao Vee 

Ai 2 DouT 

A2 3 WE 

AJ 4 D1N 

CSo 5 A1 

CS1 6 11 A6 

CS2 7 As 

VEE 8 A4 

Small geometry bipolar integrated circuits 
are occasionally susceptible to damage 
from static voltages or electric fields. It is 
therefore advised that normal precautions 
be taken to avoid appplication of any volt­
age higher than maximum rated voltages to 
this device. 
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GUARANTEED OPERATING RANGES 

Supply Voltage (VEE) 
Part Number Ambient Temperature 

Min Typ Max 

MB 7042 -5.46V -5.2V -4.94V 0°C to 75°C 

DC CHARACTERISTICS 
(Vee= OV, VEE = -5.2V Output Load= 50U to -2.0V, Air Flow ~2.5m/s, unless otherwise noted.) 

Parameter Symbol Min Typ Max Unit TA 

Output High Voltage -1000 -840 0°C 

(V1N= V1Hmax or V1Lminl VoH -960 -810 mV 25°C 
-900 -720 75°C 

Output Low Voltage 
-1870 -1665 0°C 

Vol -J850 -1650 mV 25°C 
(V1N = V1Hmax or V1Lminl 

-1830 -1625 75°C 

Output High Voltage 
-1020 0°C 

Vo He -980 mV 25°C 
(V1N= V1Hmm or Vtlmaxl 

-920 75°'C 

-1645 0°C 
Output Low Voltage 

Vole -1630 mV 25°C 
(V1N = V1Hmin or VtLmaxl -1605 75°C 

Input High Voltage 
-1145 -840 0°C 

V1H -1105 -810 mV 25°C 
(Guaranteed Input Voltage High for All Inputs) 

-1045 -720 75°-c 

-1870 -1490 0°C 
Input Low Voltage 

V1L -1850 -1475 mV 25°C 
(Guaranteed Input Voltage Low for All Inputs) 

-1830 -1450 75°C 

Input High Current (V1N = V1Hmax) l1H 10 50 µA 0° to 75°C 

CS Input High Current (V1N = V1H max) l1H 220 µA 0° to 75°C 

WE Input High Current (V1N = VtHmaxl ltH 30 150 µA 0° to 75°C 

Input Low Current (V1N = V1Lminl ltl -50 µA 0° to 75°C 

CS Input Low Current (V1N = V1Lminl l1L 0.5 170 µA 0° to 75°C 

Power Supply Current 
145 0°C 

IEE 60 100 140 mA 25°C 
(All Inputs High and Output Open) 

130 75°C 

CAPACITANCE 

Parameter Symbol Min Typ Max Unit TA 

Input Pin Capacitance C1N - 4 5 pF 25°C 

Output Pin Capacitance CouT - 7 8 pF 25°C 

2-13 
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AC CHARACTERISTICS 
(Vee= OV, VEE= -5.2V±5%, Output Load= 50n to -2V and 15pF to Vee. Air Flow ~2.5m/s, unless otherwise noted.) 

Gnd 

16 

READ CYCLE 

Parameter 

Address Access Time 

Chip Select Access Time and Recovery Time 

Fig. 1 - AC TEST CONDITIONS 

t, = tf = 2.5ns typ 

Output Load: RL = 50n 
CL=15pF 

(Including Jig and Stray Capacitance) 

Symbol Min Typ Max Unit 

tAA 
9.0 13.0 ns 

15.0 

tAe• tRe 
3.5 8.0 

9.0 
ns 

TA 

25°C 
0 to 75°C 

25°C 
0 to 75°C 

READ CYCLE TIMING DIAGRAMS 

2-14 

Address ~'-------­
---' ~>--~-tAA--j-lr-

DouT ----~~ 
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WRITE CYCLE 

Parameter Symbol Min Typ Max Unit TA 

* 8.0 4.5 25°C 
Write Pulse Width tww ns 

0°to 75°C 9.0 

** 5.5 9.0 25°C 
Write Recovery Time twR 10.D 

ns 
D0 to 75°C 

** 4.0 25°C 
Address Set Up Ti me ts A ns 0°to 75°C 4.0 

** 1.D 25°C 
Chip Select Set Up Time tsc ns 

D0 to 75°C 2.D 

** 1.0 25°C 
Data Set Up Time tso ns 

D0 to 75°C 2.0 

** 3.0 25°C 
Address Hold Time tHA ns 0°to 75°C . 3.0 

** 1.0 25°C 
Chip Select Hold Time tHc ns 0°to 75°C 1.0 

** 1.0 25°C 
Data Hold Time tHD ns D0 to 75°C 2.0 

*Note: tww measured at tsA= 4.Dns 
**Note: Values indicated measured at respective min values of tww· 

WRITE CYCLE TIMING DIAGRAM 

Address 

ts A tww'~-+-~-

DouT tsc-----i 

' 
RISE TIME and FALL TIME 

Parameter Symbol Min Typ Max Unit TA 

Output Rise Time t, - 1.2 - ns 25°C 

Output Fall Time tf - 1.2 - ns 25°C 

2-15 



TYPICAL CHARACTERISTICS CURVES 

Fig. 2 - VoH OUTPUT HIGH VOLTAGE 
vs AMBIENT TEMPERATURE 
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Fig. 3 - Vo L OUTPUT LOW VOLTAGE 
vs AMBIENT TEMPERATURE 
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Fig. 9 - tAA ADDRESS ACCESS TIME 
vs VEE SUPPLY VOLTAGE 
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FUNCTIONAL DESCRIPTION/APPLICATIONS INFORMATION 

Functional Description 

The Fujitsu MB 7042 is a 
fully decoded 256-bit read/ 
write random access memo· 
ry organized as 256 words 
by 1 bit. Memory cell selec­
tion is achieved by means of 
an 8-bit address designated 
A0~A7 . Three active low 
chip select (CS) inputs are 
provided for increased logic 
flexibility, permitting mem· 
ory array expansion up to 
2048 words without add1· 
tional decoding. For larger 
memories, the fast chip se· 
lect access time permits the 
decoding of CS from the 
address without affecting 
system performance. 

Read and write operating 
modes (all CS inputs low) 
are controlled by the state 
of the active low write en· 
able (WE) input. With WE 
held low, the chip is in the 
write mode; in this cond1· 
tion, DouT 1s low and the 
data at D1 N is written into 
the addressed location. With 
WE held high, the chip 1s in 
the read mode; data in the 
addressed location is then 
transferred to DouT and 
read out non-inverted. 

DouT is low except when 
reading out a stored high. 
Open emitter outputs are 
provided on the MB 7042 to 
allow maximum flexibility 
in output wired-OR connec· 
tion for memory expansion. 

Address 
Decoder 

Fig. 12 - MB 7042 BLOCK DIAGRAM 
LOGIC DIAGRAM 

Word 
Driver 

16x16 
Memory Cell 

Array 

Sense Amp 
& 

Write Driver 

TRUTH TABLE (Positive Logic) 
Address 
Decoder 

Fig. 13 - LARGE-SYSTEM APPLICATION 

Ao-} A,-
A2-
A3- Bustoall 
A4- AJ!.dress~nd 
As- WE inputs 
Ao-A,-
WE-

~:~~===========:::::::.._1-___ _J 

o;Ng-------------1------+ 

g~~~~=======~-----.... 
Do~T9---------j------+ 
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PACKAGE DIMENSIONS 

16 

R .040 (1.0) R EF 

~ 
1 
~ 

16-LEAD CERAMIC DUAL-IN-LINE PACKAGE 
(CASE DIP16-A) 

.760 (19.30) 

.800 (20.32) 

9 

8 _j 
___ _j 

287 (7.29) 
299 (7.59) 

_l.160 (4.06) MAX 

.120 (3.05) 

.140 (3.56) 

_l 

--==""~] .. :'"·"' 
l 310 (7.87) 

~==='i~ 

!.008 (0.20) 
.012 (0.30) 

Dimensions in 
inches (millimeters) 

Circuit diagrams utilizing Fujitsu products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information herein has been carefully 
checked and is believed to be entirely reliable. However, no 
responsibility is assumed for inaccuracies. Furthermore, such 
information does not convey to the purchaser of the semi­
conductor devices described herein any license under the patent 
rights of Fujitsu Limited or others. Fujitsu Limited reserves the 
right to change device specifications. 
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ECL 256-BIT 
READ/WRITE 
RANDOM ACCESS 
MEMORY 

256-BIT RANDOM ACCESS MEMORY 

The MBM 10410 is an ECL 256-Bit 
Read/Write Random Access Memory 
(RAM), organized 256 words x 1 bit. 
It has a typical access time of 20 ns 
and is compatible with the MB10K 
Logic family. It is designed for high­
speed scratch pad and buffer storage 
applications. 

ABSOLUTE MAXIMUM RATINGS 

Rating 

Storage Temperature 

VEE Pin Potential to Ground Pin 

Input Voltage 

Output Current (DC Output High) 

• Read access time, 20 ns typ. 

• Chip select access time, 7 ns typ. 

• Power dissipation, 1.8 mW/bit 

• Simple memory expansion 
(3 chip selects) 

• Output can be wired-OR for easy 
memory expansion 

• Standard 16-lead DIP 

Symbol Value Unit 

Tstg -55 to +150 oc 

VEE 0 to -7 v 

VIN +0.5to VEE v 

louT 30 mA 
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Ao 

A1 

Az 

A3 

eso 

cs, 

es2 

VEE 

MBM 10410 

PIN CONFIGURATION 

DIP 
(TOP VIEW) 

Vee 

DouT 

WE 

D1N 

A1 

As 

As 

A4 
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X-ADDRESS 
DECODER 

BLOCK DIAGRAM 

WORD 
DRIVER 

Y-ADDRESS 
DECODER 

16 x 16 
ARRAY 

MEMORY 
CELL 

PRE-SENSE AMP 
>-~~~~-----~~- & 1-~--11 

cs WE DIN 

H * * 
L L H 
L L L 
L H * 

BIT DRIVER 

TRUTH TABLE 

Dour 

L 
L 
L 

Dour 

MODE 

Inhibit 
Write "H" 
Write "L" 

Read 

Notes: 
H =High Voltage Level 
L = Low Voltage Level 
* = Don't Care (H or L) 

GUARANTEED OPERATING RANGES 

Characteristics Symbol Value 

Supply Voltage VEE -5.2 ± 5% 

Ambient Temperature TA 0 to +75 
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Unit 
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DC CHARACTERISTICS 

(Vee= OV, Vee= -5.2V, RL = 50r2 to -2.0V, AIRFLOW;;. 2.5 m/s) 

Pin Limits 
Characteristics Symbol Under TA= 0°C TA= 25°C TA= 75°C Unit Notes 

Test Min. Max. Min. Typ. Max. Min. Max. 

Power Supply Current lee 8 130 80 120 mA 

1-4 
9-12 100 50 100 100 

Input High Current l1H 13, 14 µA 

5-7 150 100 150 150 

Input Low Current l1L 5-7 0.5 150 0.5 100 150 0.5 150 

Output High Voltage VoH 15 -1.00 -0.84 -0.96 -0.81 -0.90 -0.72 v 

Output Low Voltage Vol 15 -1.87 -1.665 -1.85 -1.65 -1.83 -1.625 v 

Output Threshold 
VoHA 15 -1.02 -0.98 -0.92 v CS= VILA High Voltage 

Output Threshold 
CS= Vt HA 

VOLA 15 -1.645 -1.63 -1.605 v or 
Low Voltage WE =VILA 

V1H -0.84 -0.81 -0.72 v 

VIL -1.87 -1.85 -1.83 v 
Input Voltage 

VIHA -1.145 -1.105 -1.045 v 

VILA -1.49 -1.475 -1.45 v 
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SWITCHING CHARACTERISTICS 

(Vee= OV, Vee= -5.2V ± 5%, RL =son to -2.0V, AIRFLOW;,;. 2.5 m/s) 

Characteristics Symbol 
TA= 25°C TA= 0-75°C 

Unit Notes 
Min. Typ. Max. Min. Max. 

READ MODE 
Chip Select Access Time TAC 7 10 12 
Chip Select Recovery Time TRC 7 10 12 ns 
Address Access Time TAA 20 25 35 

WRITE MODE 
Minimum Write Pulse Width Tww 20 25 
Write Disable Time Tws 10 12 ns 
Write Recovery Time TwR 20 20 

WRITE MODE CONDITION 
Chip Select Set-Up Time Tse 5 5 
Address Set-Up Time TsA 8 8 
Data Set-Up Time Tso 5 5 Tww = 20 ns (25°C) 
Chip Select Hold Time THC 5 5 

ns 
= 25 ns (0-75°C) 

Address Hold Time THA 2 2 
Data Hold Time THO 5 5 

Output Rise/Fall Time trltt 2.5 3.0 ns 20-80% 

Pi n·Capacitance Input C1 pF 

Pin-Capacitance Output Co pF 
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TIMING CHART 

READ MODE 

DouT 

DouT 

WRITE MODE 

' _/ 
i\ j 

~( 
_Ir\ )( 

),( 
_Ii\ 

),( 
Ji\ 

~ .... 
i\ ){ 

DouT -'k:_ ;""' 
Tws TwR 

TSA Tww THA 

1---Tso----, I--- THO ----1 
Tse THC 
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SWITCHING TIME CONDITIONS 

-= 16 

0.01 
µF 

INPUT 

--

MB7044 

8 

LOADING 

15 .1--e-D_.o_uT.., 

-2.0V 

INPUT AND OUTPUT 

RL •500 
CL• 15 pf 

INCLUDING JIG AND 
STRAY CAPACITANCE 

~w=jf 11-----~ ----------- -----5~ 
---------- ----- 2~ 

-1.7V 

~ tf 

tr= tf = 2.5 ns (typ.) 
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ECL 1024-BIT 
BIPOLAR RANDOM 
ACCESS MEMORY 

1024-BIT BIPOLAR ECL RANDOM ACCESS MEMORY 

The Fujitsu MBM 10415 and MBM 
10415A are fully decoded 1024-bit 
ECL read/write random access memo­
ries designed for high-speed scratch 
pad, control and buffer storage appli­
cations. Both devices are organized as 
1024 words by one bit, and they 
feature on-chip voltage compensation 
for improved noise margin. 

The MBM 10415/MBM 10415A 
offer extremely small cell and chip 
sizes, realized through the use of 
Fujitsu's patented DOPOS (Doped 
Polysilicon), as well as IOP (Isolation 
by Oxide and Polysilicon), processing. 
As.<t resu Ina,,- fast 
As a result, very fast access time with 
high yields and outstanding device 
reliability are achieved in volume 
production. 

Operation for the MBM 10145/MBM 
10145A is specified over a temperature 
range of from 0° to 75° C (ambient). 
They also feature frit-sealed 16-pin 

dual-in-line packaging, and are fully 
compatible with industry-standard 
10K-series ECL families. 

• 1024 words x 1 bit organization 

• On-chip voltage compensation for 
improved noise margin 

• Fully compatible with industry­
standard 10K-series ECL families 

• Address access time: 
35nstyp. (MBM 10415) 
25 ns typ. (MBM 10415A) 

• Chip select access time: 
15 ns typ. (MBM 10415) 

7 ns typ. (MBM 10415A) 

• Open emitter output for ease of 
memory expansion 

• Low power dissipation of 0.5 
mW/bit 

• DOPOS and IOP processing 

• Pin compatible with the F 10415/ A 
and HM2110 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

VEE Pin Potential to Ground Pin VEE +0.5 to -7.0 v 

Input Voltage V1N +0.5 to VEE v 

Output Current (DC Output High) louT 30 mA 

Temperature Under Bias TA -55 to +125 oc 

Storage Temperature Tstg -65 to +150 oc 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS 
are exceeded. 
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DouT 

Ao 

A1 

A1 

A3 

A4 

As 

VEE 

MBM 10415 
MBM 10415A 

PIN ASSIGNMENT 

16 Vee 

2 15 D1N 

3 14 cs 

4 13 WE 

5 12 A9 

6 11 Ag 

7 10 A1 

8 9 A6 

Small geometry bipolar integrated circuits 
are occasionally susceptible to damage 
from static voltages or electric fields. It is 
therefore advised that normal precautions 
be taken to avoid application of any voltage 
higher than maximum rated voltages to 
this device. 
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MBM 10415 
MBM 10415A 

GUARANTEED OPERATING RANGES 

r Supply Voltage (VEE) 

I~"- ''" N"mbe< 
Min Typ 

10415, MBM 10415A -5.46V -5.2V 

DC CHARACTERISTICS 

Ambient Temperature 
Max 

-4.94V 0°C to 75°C 

(Vee = OV, VEE= -5.2V, Output Load= 50£2 to -2.0V, unless otherwise noted.) 

Parameter Symbol Min Typ Max Unit TA 

-1000 -840 0°C 
Output High Voltage 

VoH -960 -810 mV 25°C 
(V1N = V1Hmax or Vtlminl 

-900 -720 75°C 

-1870 -1665 0°C 
Output Low Voltage 

Vol -1850 -1650 mV 25°C 
(V1N = V1Hmax or Vtlminl 

-1830 -1625 75°C 

-1020 0°C 
Output High Voltage 

Vo He -980 mV 25°C 
(V1N = V1Hmin or V1lmax) 

-920 75°C 

-1645 0°C 
Output Low Voltage 

Vole -1630 mV 25°C 
(V1N= V1Hmin or V1lmax) 

-1605 75°C 

-1145 -840 0°C 
Input High Voltage 

V1H -1105 -810 mV 25°C 
(Guaranteed Input Voltage High for All Inputs) 

-1045 -720 75°C 

-1870 -1490 0°C 
Input Low Voltage 

V1l -1850 -1475 mV 25°C 
(Guaranteed Input Voltage Low for All Inputs) 

-1830 -1450 75°C 

Input HighCurrent(V1N =V1Hmaxl l1H 220 µA 0°to 75°C 

Input Low Current(V1N= V1lmin.l l1l -50 µA 0°to 75°C 

CS Input Low Current (V1N= V1lminl l1l 0.5 170 µA 0°to 75°C 
-·--------+--· 

Power Supply Current 90 75°C 
IEE mA 

(All Inputs and Output Open) 105 150 0°C 

CAPACITANCE 

MBM 10415 MBM 10415A 
Parameter Symbol Unit 

Min Typ Max Min Typ. Max 

Input Pin Capacitance C1N - 4 5 - 4 5 pF 

Output Pin Capacitance CouT - 7 8 - 7 8 pF 
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AC CHARACTERISTICS 
(Vee=OV, VEE=-S.2V±S%.TA=0°to 7S°C, Output Load =son to -2V and 30pF to Vee. unless otherwise noted.) 

Gnd 

16 

8 

I 
7 VEE -2.0V -

READ CYCLE 

Parameter Symbol 

Address Access Time tAA 

Chip Select Access Time tAe 

Chip Select Recovery Time tRe 

Fig. 1 - AC TEST CONDITIONS 

Output Load: RL =son 
CL = 30pF 
(including jig and stray capacitance) 

MBM 1041S 

Min Typ Max 

- 3S 60 

- 1S 30 

- 20 3S 

READ CYCLE TIMING DIAGRAMS 

Address 

DouT 
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MBM 1041SA 

Min Typ 

- 2S 

- 7 

- 7 

50% 

Max 

3S 

10 

10 

Unit 

ns 

ns 

ns 

V1Hmin 

V1Lmax 
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MBM 10415 
MBM 10415A 

WRITE CYCLE 

Parameter Symbol 

Write Pulse Width tww 
. 

Write Recovery Time twR ** 

Write Disable Time tws ** 

Address Set Up Time ts A 
.. 

Chip Select Set Up Time tsc 
.. 

Data Set Up Time tso ** 

Address Hold Time tHA 
.. 

Chip Select Hold Time tHc ** 

Data Hold Time tHD 
.. 

MBM 10415 

Min Typ Max 

35 25 -

30 20 -

30 20 -

20 15 -

5 0 -

5 0 -

5 1 -

5 0 -

5 0 -

*Note: For MBM 10415, tsA= 20ns;for MBM 10415A, tsA=8ns. 
**Note: For MBM 10415, tww=35ns; for MBM 10415A, tww=25ns. 

WRITE CYCLE TIMING DIAGRAM 

Address 

WE 

--------- -----~~~~f--"""" 

DouT -tsc--- V1Lmax 

RISE TIME and FALL TIME 

MBM 10415 
Parameter Symbol 

Min Typ Max 

Output Rise Time t, - 5 -

Output Fall Time tf - 5 -
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MBM 10415A 
Unit 

Min Typ Max 

25 20 - ns 

10 7 - ns 

10 7 - ns 

8 5 - ns 

5 0 - ns 

5 0 - ns 

4 1 - ns 

5 0 - ns 

5 0 - ns 

MBM 10415A 
Unit 

Min Typ Max 

- 5 - ns 

- 5 - ns 
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TYPICAL CHARACTERISTICS CURVES 

~ 

Fig. 2 - IEE SUPPLY CURRENT 
vs AMBIENT TEMPERATURE 
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Fig. 7 - tAA ADDRESS ACCESS TIME 
vs VEE SUPPLY VOLTAGE 
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Fig. 11 - tww WRITE PULSE WIDTH 
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FUNCTIONAL DESCRIPTION/ APPLICATIONS INFORMATION 

FUNCTIONAL DESCRIPTION 

The Fujitsu MBM 10415 and 
MBM 10415A are fully de­
coded 1024-bit read/write 
random access memories or­
ganized as 1024 words by 
one bit. Memory cell selec­
tion is achieved by means of 
a 10-bit address designa~ed 
A0 -A9 • The active low Chip 
Select (CS) input is provided 
for memory expansion. The 
read and write operations 
are controlled by the state 
of the active low Write 
Enable (WE) input. With WE 
and CS held low, the data at 
D1 N is written into the ad­
dressed location. To read, 
WE is held high, while CS 
is held low. Data at the 
addressed location is then 
transfered to Do UT and 
read out non-inverted. Open 
emitter outputs are provided 
to allow for maximum flex­
ibility in output wired-OR 
connection. 

x-Address 

Decoder 

Fig. 12 - MBM 10415/A BLOCK DIAGRAM 

Word 

Driver 

32 x 32 
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Ao­
A1-
A1-

Fig. 13 - LARGE.SYSTEM APPLICATION 16K words x n bit 
Memory System 
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D1N O -----------h 
D1N 1 o 
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DtN n °----------+-----+-+-----t-+ 

I 
I 

ROWO 

ROW1 

ROW2 

ROW14 

ROW 15 

o--------+----+---------+--DouTO 

son 
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MBM 10415 
MBM 10415A 

Fig. 14 - SMALL-SYSTEM APPLICATION 
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PACKAGE DIMENSIONS 

I 
J 

1 
C$ MBM 10415 o,"lD 

MBM 10415A we 

16-LEAD CERAMIC DUAL-IN-LINE PACKAGE (CASE DIP16-A) 

·-"•"! ~[~~~~l Jj~:rn: 
I 760119 301 ________ _j 

800 (20 32) 

11050 11 271 MAX 

••Ml~-, .088 l2.241L __J_ 160 14 061 MAX 

.<l4211 011: l l 020 \o 511 j 12013 051 

.062 (1.58)1 r 043 (110) 140 !3 56) 

.o9o (2·29)---J=..__j I~ j 03210 811 J-··~ 

.110(2.79) ~· -1 · REF 

015 (6 JS) 700 (17 78) REF 

.023 (0 58) 
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D1mens1ons m 
inches (millimeters) 

4K words x 1 bit 
Memory System 

L 

-20V 

~DouT 

Circuit diagrams utilizing 
Fujitsu products are includ­
ed as a means of illustrating 
typical semiconductor appli­
cations; consequently, com­
plete information sufficient 
for construction purposes is 
not necessarily given. The 
information herein has been 
carefully checked and is be­
lieved to be entirely reliable. 
However, no responsibility 
is assumed for inaccuracies. 
Furthermore, such informa­
tion does not convey to the 
purchaser of the semicon­
ductor devices described 
herein any license under the 
patent rights of Fujitsu 
Limited or others. Fujitsu 
Lil)'lited reserves the right to 
change device specifications. 
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TTL 1024-BIT 
BIPOLAR RANDOM 
ACCESS MEMORY 

1024-BIT BIPOLAR TTL RANDOM ACCESS MEMORY 

The Fujitsu MBM 93415 and MBM 
93415A are fully decoded 1024-bit 
TTL read/write random access memo­
ries for buffer control storage and high 
performance main memory applica­
tions. Both devices are organized as 
1024-words by one bit, and they 
feature on-chip voltage compensation 
for improved noise margin. 

The MBM 93415/MBM 93415A have 
extremely small cell and chip sizes, 
realized through the use of Fujitsu's 
patented DOPOS (Doped Polysilicon), 
as well as IOP (Isolation by Oxide and 
Polysilicon) processing. As a result, 
very fast access time with high yields 
and outstanding device reliability are 
achieved in volume production. 

• 1024 words x 1 bit organization 

• On-chip voltage compensation for 
improved noise margin 

• Fully compatible with standard 
DTL and TTL families 

• Address access time: 
40 ns typ. (MBM 93415) 
30 ns typ (MBM 93415A) 

• Chip select access time: 15 ns typ. 
(both types) 

• Open collector output 

• Low power dissipation of 
0.4mW/bit typ 

• DOPOS and IOP processing 

• Interchangeable with F93415/ 
93415A 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Vee Pin Potential to Ground Pin Vee -0.5 to +7.0 v 

Input Voltage (DC)* VIN -0.5 to +5.5 v 

Input Current (DC)* l1N - 12 to +5.0 mA 

Voltage Applied to Output 
VouT -0.5 to +5.5 v (Output High) 

Output Current (DC, Output Low) IOUT +20 mA 

Temperature Under Bias TA -55 to +125 oc 

Storage Temperature Tstg -65 to +150 oc 

*Either input voltage or input current limit is sufficient to protect the input. 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS 
are exceeded. 

2-34 

MBM 93415 
MBM 93415A 

PIN ASSIGNMENT 

cs 16 Vee 

Ao 2 15 D1N 

A1 3 14 WE 

Az 4 13 A9 

A3 5 12 As 

~ 6 11 A1 

DouT 7 10 A6 

GND 8 9 As 

Small geometry bipolar integrated circuits 
are occasionally susceptible to damage from 
static voltage or electric fields. It is there­
fore advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to this 
device. 
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GUARANTEED OPERATING RANGES 

Supply Voltage (Vccl 
Part Number 

Min Typ 

MBM 93415, MBM 93415A 4.75V 5.0V 

DC CHARACTERISTICS 

Ambient Temperature 
Max 

5.25 v 0°c to 75°C 

(Guaranteed operating range unless otherwise noted, Airflow= 2.5m/s, after two minute warm-up.) 

Parameter Symbol Min Typ Max Unit 

Output Low Voltage (Vee= Min, loL = 16mA) VoL - 0.3 0.45 v 

Input High Voltage 
V1H 2.1 (guaranteed input high voltage for all inputs) 1.6 - v 

Input Low Voltage 
(guaranteed input low voltage for all inputs) V1L - 1.5 0.8 v 

Input Low Current (Vee= Max, V1N = 0.4V) l1L - -250 -400 µA 

Input High Current (Vee= Max, V1N = 4.5V) l1H1 - 1.0 40 µA 

Input High Current (Vee= Max, V1N = 5.25V) l1H2 - - 1.0 mA 

Output Leakage Current (Vee= Max, VouT = 4.5V) lcex - 1.0 100 µA 

Input Diode Clamp Voltage (Vee= Max, l1N = -10mA) Vco - -1.0 -1.5 v 

- 155* mA 

Power Supply Current (V cc = Max, all inputs grounded) Ice 95 

- 130** mA 

CAPACITANCE 

Parameter Symbol Typ Max Unit 

Input Pin Capacitance C1N 4 5 pF 

Output Pin Capacitance CouT 7 8 pF 

2-36 
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AC CHARACTERISTICS 
(Guaranteed operating range unless otherwise noted, Airflow= 2.5m/s, after two minute warm-up.) 

Vee 

16 

8 

READ CYCLE 

Parameter 

Address Access Time 

Chip Select Access Time 

Chip Select Recovery Time 

cs 1.sv----

DouT 

Symbol 

tAA 

tAc 

tRc 

Fig. 1 - AC TEST CONDITIONS 

Vee 

GND 

MBM 93415 

Min Typ 

- 40 

- 15 

- 20 

Input Pulses 

t, =If = 10ns 

Output Load: R L1 = 300Q, R L2 = 600Q 
CL= 30pF 

(including jig and stray capacitance) 

MBM 93415A 

Max Min Typ Max 

70 - 30 45 

40 - 15 30 

40 - 15 30 

READ CYCLE TIMING DIAGRAMS 

Addr~---
__/t='AA===;L 

DouT ~~~~-

NOTE: All time measurements referenced to 1.5V. 

2-36 

Unit 

ns 

ns 

ns 
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WRITE CYCLE 

MBM 93415 
Parameter Symbol 

Min Typ Max 

Write Pulse Width tww* 50 25 -
Write Recovery Time twR** - 25 50 

Write Disable Time tws** - 20 40 

Address Set Up Time tsA ** 15 0 -

Chip Select Set Up Time tsc** 5 0 -

Data Set Up Time tso** 5 0 -
Address Hold Time tHA ** 5 0 -
Chip Select Hold Time tHc** 5 0 -
Data Hold Time tHo** 5 0 -

*Note: For MBM 93415, tsA=15ns; for MBM 93415A, tsA=5ns. 
**Note: For MBM 93415, tww=50ns; for MBM 93415A, tww=35ns. 

WRITE CYCLE TIMING DIAGRAM 

1.5V ----

Address 

tso 

ts A 

DouT tsc 

tws 

MBM 93415A 

Min Typ Max 

35 25 -
- 20 40 

- 20 30 

5 0 -
5 0 -

5 0 -
5 0 -
5 0 -
5 0 -

NOTE: All time measurements referenced to 1.5V. 
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



TYPICAL CHARACTERISTICS CURVES 

Fig. 2 - Ice SUPPL v CURRENT 
vs Vee SUPPLY VOLTAGE 
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Fig. 3 - •cc SUPPL v CURRENT 
vs AMBIENT TEMPERATURE 

20 .___..__..__..__..__..__..__..__..__..__..__..___, 
0 2.0 4.0 6.0 8.0 10.0 -20 0 20 40 60 80 100 

Vee.SUPPLY VOLTAGE (V) TA, AMBIENT TEMPERATURE (°C) 

Fig. 4 - •ouT OUTPUT CURRENT 
VS VouT OUTPUT VOLTAGE (LOW STATE) 

0 0.1 0.2 0.3 0.4 0.5 0.6 

VoUT• OUTPUT VOLTAGE (V) 
Fig. 5 - •ouT OUTPUT CURRENT 

vs VouTOUTPUT VOLTAGE (HIGH STATE) 

-2.0 0 2.0 4.0 6.0 8.0 

VouT• OUTPUT VOLTAGE (V) 
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Fig. 6 - l1N INPUT CURRENT 
vs V1N INPUT VOLTAGE 
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t-t TA=25°c-... 
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i-T A=75°C 
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Fig. 7 - tAAADDRESS ACCESS TIME 
VS Vee SUPPLY VOLTAGE 
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FUNCTIONAL DESCRIPTION/APPLICATIONS INFORMATION 

FUNCTIONAL DESCRIPTION 

The Fujitsu MBM 93415 
and MBM 93415A are fully 
decoded 1024-bit read/write 
random access memories 
organized as 1024 words by 
one bit. Memory cell selec· 
tion is achieved by means of 
a 1 O·bit address designated 
A0 -A9 • The__ilctive low 
Chip Select (CS) input is 
provided for memory ex­
pansion. The read and write 
operations are controlled by 
the state of the active low 
Write Enable (WE) input. 
With WE and CS held low, 
the data at D 1 N is written 
into the addressed location. 
To re~ WE is held high, 
while CS is held low. Data 
at the addressed location is 
then transfered to Dou T 
and read out non-inverted. 
Open collector outputs are 
provided to allow for max­
imum flexibility in output 
wired-OR connection. 

Ao 
A, 
A, 
A, 

X·Address 
Decoder 

A• '-----' 

Fig. 11 - MBM 93415/A BLOCK DIAGRAM 

Word 
Driver 

32 x 32 

TRUTH TABLE (Positive Logic) 
INPUT 

cs WE 
OUTPUT MODE 

D1N 
H x x H DISABLED 

L L L H WRITE "L" 

L L H H WRITE "H" 

L H x DouT READ 

X = Don't care 

Fig. 12 - LARGE-SYSTEM APPLICATION 16K words x n bit 
Memory System 

A10-----<~i1=====~ 
Au-+-+---< 
A 12 -+-+-+---< 
A 13 -+-+-+--i 

D1N O .:====~~====:c 
D1N 1 g 

0 

3300 

2-40 

ROWO 

ROW1 

Row2 

ROW14 

ROW15 

Vee 
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MBM 93415A 

~ 
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~ -
" - c. 

- E -- ! -
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Fig. 13 - SMALL-SYSTEM APPLICATION 

3..l 
J o'"·_W C§ MBM93415 1 MBM934'1_M, 

WE 

d 
MBM93415 J o,"0 1CIMBM934~ 

d ~ rl o,"H - MBM93415 
CSMBM934~ 

,-------, 
t---

MB442 

(SN 7442) 

'------' 
A11 

PACKAGE DIMENSIONS 

16-LEAD CERAMIC DUAL-IN-LINE PACKAGE 
(CASE DIP16-A) 

·~"""'i ~[~:~=[ ]}:;:: 
I 760119301 I 

800 120 321 

01510381 
.023 10 581 
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1 
Ci MBM93415 o,"D 
MBM934~ 

u:--='"_J..,1°0 -9~017 371 

__l 310 17 871 

00810 201 
01210 301 

D1mens1ons 1n 
mches (m1lhmetars) 

L 

4K words x 1 bit 
Memory System 

Vee 
330 

t-----o DouT 

Circuit diagrams utilizing 
Fujitsu products are includ· 
ed as a means of illustrating 
typical semiconductor appli­
cations; consequently, com· 
plete information sufficient 
for construction purposes is 
not necessarily given. The 
information herein has been 
carefully checked and is be­
lieved to be entirely reliable. 
However, no responsibility 
is assumed for inaccuracies. 
Furthermore, such informa­
tion does not convey to the 
purchaser of the semicon­
ductor devices described 
herein any license under the 
patent rights of Fujitsu 
Limited or others. Fujitsu 
Limited reserves the right to 
change device specifications. 
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FULLY DECODED 
1024-BIT ECL 
READ/WRITE RAM 

1024-BIT ECL READ/WRITE RANDOM ACCESS MEMORY 

MB 707111N/1H 
MB 7072N 

MB 7071 PIN ASSIGNMENT The MB7071 afld MB7072 devices are 
fully decoded 1024 bits ECL read/ 
write random access memories de­
signed for high speed scratch pad, 
control, and buffer storage applica­
tions. The MB7071 has maximum 
access times of 10 ns (H version) 

vcco ooo 001 002 003 010 

and 15 ns (N version), while the 
MB7072 has maximum access time of 
15 ns. Normal organization is 256 x 4, 
but organizations of 512 x 2 and 
1024 x 1 are made possible by uti­
lizing the block select feature. The 
MB7071 is available in our 24-pin 
OIT package, while the MB7072 is 
available in our standard 22-pin DIP. 

• 256 words x 4 bits organization 

• Fully compatible with 10K-series 
ECL families 

• Address access time: 10 ns (max.) 

• Low power dissipation of 0.8 
mW/bit 

• Operating temperature: 0°C to 
+75°C (ambient) 

ABSOLUTE MAXIMUM RATINGS 

Rating 

VEE Pin Potential to Ground Pin 

Input Voltage 

Output Current (DC Output High) 

Temperature Under Bias 

Storage Temperature 

Symbol Value 

VEE +05. to -7.0 

VIN +0.5 to VEE 

1ouT 30 

TA -25 to +125 

Tstg -55 to +150 

2-42 

*TERMINAL SPACING= 75 mil 

MB 7072 PIN ASSIGNMENT 

es1 WE 

BSo Vee 

Ao Vcco 

A1 DOo 

Unit A2 001 

v 
A3 

TOP D02 
VIEW 

A4 003 

v 
As Dlo 

mA As Dl1 

oc A1 Dl2 

oc VEE 013 

i?TANDARD 22 PIN DIP 
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MB 7071 BLOCK DIAGRAM 

As As 

V - DECODER/DRIVER 

A4 
a: 
w 

A3 :? 256 X 4 BITS°CELL ARRAY a: 
e I a: 

A2 w I Q 
0 I () 
w 

I A1 Q BLOCKO BLOCK1 BLOCK2 
I 

I x 
Ao I 

WE SA/WA SA/WA SA/WA 

DOo Dlo BSo D01 Dl1 es, D02 Dl2 

TRUTH TABLE (POSITIVE LOGIC) 

INPUT 
OUTPUT MODE 

BS WE DI 

H x x L DISABLE 
L L L L WRITE "O" 
L L H L WRITE "1" 
L H x DO READ 
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BS2 

A1 

BLOCK3 

SA/WA 

D03 Dl3 BS3 

H; High Voltage Level 
L; Low Voltage Level 
X ; Don't Care 



DC CHARACTERISTICS 

VEE= -5.2V, Output Load= 50 Ohm to -2V 

Parameter Symbol Min. Typ. 

-1000 
Output High Voltage VoH - 960 

- 900 

-1870 
Output Low Voltage VoL -1850 

-1830 

-1020 
Output High Voltage VoHC - 980 

- 920 

Output Low Voltage Vo Le 

-1145 
Input High Voltage V1H -1105 

-1045 

-1870 
Input Low Voltage VIL -1850 

-1830 

Input High Current l1H 

Input Low Current l1L 0.5 

Power Supply Current IEE 
N: -120 
H:-160 

2-44 

Max. 

- 840 
- 810 
- 720 

-1665 
-1650 
-1625 

-1645 
-1630 
-1605 

- 840 
- 810 
- 720 

-1490 
-1475 
-1450 

220 

170 
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Unit Note 

0°C VIN= V1Hmax or 
mV 25°C V1Lmin 

75°C 

0°C V1N = V1Hmax or 
mV 25°C V1Lmin 

75°C 

0°C VIN= V1Hmin or 
mV 25°C V1Lmax 

75°C 

0°C VIN= VIHmin or 
mV 25°C V1Lmax 

75°C 

0°C 
mV 25°C 

75°C 

0°C 
mV 25°C 

75°C 

µA 0°C to 75°C 

µA 0°C to 75°C 

mA 0°C to 75°C 
mA 0°C to 75°C 
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AC CHARACTERISTICS 

Vee= -5.2V ± 5%, TA= 0°e to +75°e, Output Load= 50 Ohm to -2V and 15 pF to Vee 

Parameter Symbol Min. Typ. Max. Unit Note 

Block Select Access Time tAB 3.0 4.5 ns 

Block Select Recovery Time tRB 3.0 4.5 ns 

Address Access Time tAA 
N: 9.0 N: 15.0 ns 
H: 7.5 H: 10.0 ns 

Write Pulse Width tww 8.0 5.5 ns 

Address Set Up Time ts A 
N: 3.0 ns 
H: 2.0 ns 

Block Select Set Up Time tsB 
N: 3.0 ns 
H: 2.0 ns 

Data Set Up Time tsD 
f"l: 3.0 ns 
H: 2.0 ns 

Address Hold Time tHA 
N: 4.0 ns tww = 8.0 ns 
H: 2.0 ns 

Block Select Hold Time tHB 
N: 4.0 ns 
H:·2.0 ns 

Data Hold Time tHo 
N: 4.0 ns 
H: 2.0 ns 

Write Disable Time tws 5.0 3.0 ns 

Write Recovery Time twR 9.0 6.0 ns 

Output Rise Time tr 3.0 ns Measured between 20% and 

Output Fall Time tf 3.0 ns 
80% points 

Input Pin Capacitance C1N 8.0 pF 

Output Pin Capacitance CouT 8.0 pF 

2-45 



TIMING DIAGRAM 

BS 

DI 

WE 

DO 

TIMING DIAGRAM 

BS 

DO 

WRITE MODE 

tsD 

---tsB----<.i 

READ MODE 
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---tHB--.i 

BS \._ ______ _ 

DO 
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MB 7071 - CASE OIT24 CERAMIC PACKAGE 

PACKAGE DIMENSIONS 
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0.36(0.0141 
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PROGRAMMABLE 
256-BIT READ 
ONLY MEMORY 

TTL 256-BIT PROGRAMMABLE READ ONLY MEMORY 

The Fujitsu MB 7051 and MB 7056 
are electrically field programmable 
high-speed bipolar TTL 256-bit read 
only memories organized as 32 words 
by 8 bits. With three-state outputs 
provided on the MB 7051 and un­
committed collector outputs on the 
MB 7056, memory expansion is 
simple. Both devices have on-chip 
address decoding and chip enable, 
and they are fully compatible with 
both DTL and TTL circuits. 

The memory is fabricated with all 
logic "zeros" (positive logic). Logic 
level "ones" can be electrically pro­
grammed in the selected bit locations 
at the rate of 10 µs/bit (typical). 

Additional circuitry is built into the 
Fujitsu PROM chip to allow factory 
testing after packaging for AC, DC 
and programming parameters. The 
extra test cells and unique testing 

methods provide enhanced correla­
tion between programmed and 
unprogrammed circuits in order to 
perform tests of key parameters 
prior to shipment. This results in 
extremely high programmability. 

• 32 words by 8 bits organization, 
fully decoded 

• High programmability of 99% 
typical (98% minimum) 

• Programming by diffused 
aluminum eutectic process 

• Ultra-fast programming time of 
10 µs/bit (typical) 

• AC characteristics guaranteed 
over full operating voltage and 
temperature range via unique 
testing techniques 

• Fast access time of 40 ns typical 
(50 ns maximum) at 25°C 

ABSOLUTE MAXIMUM RATINGS (see Note) 

Rating Symbol Value 

Vee Pin Potential to Ground Pin Vee -0.5 to+ 7.0 

Input Voltage VIN -1.5 to+ 5.5 

Output Voltage VouT -0.5 to+ 5.5 

Output Voltage (during programming) VPRG -0.5 to 32.5 

Input Current l1N - 20 

Output Current louT +100 

Output Current (during programming) IPRG +220 

Temperature under Bias TA -25 to +125 

Storage Temperature Tstg -55 to +150 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. 
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Unit 

v 

v 

v 

v 

mA 

mA 

mA 

oc 

oc 

MB 7051 
MB 7056 

• DTL/TTL compatible inputs and 
outputs 

• Active pull-up (3-state) on 
MB 7051 or resistor pull-up (open· 
collector) on MB 7056 

• Chip enable (CE) lead for simplified 
memory expansion 

• Standard 16-pin DIP package 

• Interchangeable with I M5600/ 
5610 

PIN ASSIGNMENT 

o, 16 Vee 

02 2 15 C"E 

03 3 14 A• 

04 4 13 A3 

Os 5 12 A1 

06 6 11 A1 

07 7 10 Ao 

GND 8 9 Os 
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GUARANTEED OPERATING RANGES 

Parameter 

Supply Voltage 

Input Low Voltage 

Input High Voltage 

Ambient Temperature 

DC CHARACTERISTICS 
(Full guaranteed operating ranges unless otherwise noted.) 

Parameter 

Input Leakage Current (V 1 H = 4.5V) 

Input Leakage Current (V1H = 5.5V) 

Input Load Current (V1L = 0.4V) 

Output Low Voltage OoL = 16mA) 

Output Leakage Current (Vo = 5.5V, chip disabled) 

Output Leakage Current (Vo = 0.4V, chip disabled) 

Input Clamp Voltage (l1N = -10mA) 

Power Supply Current (V1N =OPEN or GND) 

Output Leakage Current (Vo= 5.5V, chip enabled) 

Output High Voltage Oo = -2.4mA) MB 7051 

Output Short Circuit Current (Vo = GND) MB 7051 

Symbol 

Vee 

VtL 

V1H 

TA 

Symbol 

IR1 

IR2 

IF 

VoL 

lotH 

lotL 

Vic 

Ice 

loLK 
. 

VoH 
. 

los 
. 

Min Typ Max Unit 

4.75 5.0 5.25 v 

- - O.B v 

2.0 - - v 

0 - 75 oc 

Min Typ Max Unit 

- - 60 µA 

- - 1.0 mA 

- - -1.0 mA 

- - 0.45 v 

- - 40 µA 

- - -40 µA 

- - -1.5 v 

- - 100 mA 

- - 100 µA 

2.4 - - v 

-15 - -60 mA 

*Note: Denotes guaranteed characteristics of the output high-level (ON) state when the chip is enabled (Vic:E = 0.4V) and 
the programmed bit is addressed. These characteristics cannot be tested prior to programming, but are guaranteed 
by factory testing. 

CAPACITANCE (f=1MHz; Vee =+5V; V1N =+2V;TA = 25°C) 

Parameter Symbol Min Typ Max Unit 

Input Capacitance c, - - 10 pF 

Output Capacitance Co - - 12 pF 

2-51 



Fig. 1-AC TEST CONDITIONS 
Vee 

tAA 

INPUT CONDITIONS tolS"l" 

Amplitude .............. OV to 3V to1s"O" 

RISe and Fall Time .......... 5ns from 1 V to 2V tEN"l" 

Frequency ............... 1 MHz tEN"O" 

AC CHARACTERISTICS 
(Full guaranteed operating ranges unless otherwise noted.) 

Parameter Symbol Min 

Access Time (via address input) tAA * -

Output Disable Time. to1s * -

Output Enable Time tEN * -

*Note: Values in parenthesis denote conditions at TA= 25°C and Vee= 5.0V. 

OPERATION TIMING DIAGRAM 
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MB 7051 /7056 

R1 R2 CL 

300!1 600!1 30pF 

= 600!1 30pF 

300!1 600!1 30pF 

= 600!1 30pF 

300!1 600!1 30pF 

Typ Max Unit 

(40) 75 (50) ns 

(35) 75 (50) ns 

(35) 75 (50) ns 

::.:,,:::~::'"'----~~ 'AJ ~ 1=~=·5=,,=A=A============ ~:~ 
OUTPUT -- -- - - - --- --- _____ _/ ,r,~;;--- -----.\ '~.:.5_v _____________ ~:: 

CHIP ENABLE INPUT 

OUTPUT 

OUTPUT 

tolS"l" 

tolS"O" 

~-------- V1L 
tEN"l" 
~------- VoH 

Notes: 1) Output disable time is the time taken for the output to reach a high resistance state when the chip enable is 
taken high. Output enable time is the time taken for the output to become active when the chip enable is taken 
low. The high resistance state is defined as a point on the output waveform equal to a Li V of 0.5V from the 
active output level. 

2) tAA. to1s"1" and tEN"1" cannot be tested prior to programming, but are guaranteed by factory testing. 

2-52 



11111!11111111111111111111111111111111111!11111111111111111111111 

FUJITSU MB 7051 
lllllllllllllllllllfilllllllllllllllllllllllllllllllllllllllllll MB 7056 

Fig. 2-MB 7051/7056 BLOCK DIAGRAM 
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TYPICAL INPUT CHARACTERISTICS CURVES 

Fig. 3-11NA INPUT CURRENT 
vs V1N INPUT VOLTAGE 
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OUTPUT CIRCUIT INFORMATION 

THREE-STATE OUTPUT 

A "three-state" output is a logic ele­
ment which has three distinct output 
states of ZERO, ONE and OFF (wherein 
OFF represents a high impedance con­
dition which can neither sink nor 
source current at a definable logic 
level). Effectively, then, the device has 
all the desirable features of a totem­
pole TTL output (e.g., greater noise 
immunity, good rise time, line driving 
capacity), plus the ability to connect 
to bus-organized systems. 

In the case where two devices are on at 
the same time, the possibility exists 
that they may be in opposite low 
impedance states simultaneously; thus, 
the short circuit current from one 
enabled device may flow through the 
other enabled device. While physical 
damage under these conditions is un­
likely, system noise' problems could 
result. Therefore, the system designer 
should consider these factors to ensure 
that this condition does not exist. 

OPEN-COLLECTOR OUTPUT 

The open-collector output is often 
utilized in high speed applications 
where power dissipation must be mini­
mized. When the device is switched, 
there is no current sourced from the 
supply rail. Consequently, the current 
spike normally associated with TTL 
totem-pole outputs is eliminated. In 
high frequency applications, this mini­
mizes noise problems (false triggering) 
as well as power drain. For example, 
the transient current (low impedance 
high-level to low impedance low-level) 
is typically 30mA for the MB 7051 
(3-state) compared to 0 mA for the 
MB 7056 (open-collector). 

MEMORY CELLS 

MEMORY CELLS 
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Fig. 5-MB 7051 OUTPUT 

Fig. 6-MB 7056 OUTPUT 
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TYPICAL OUTPUT /SWITCHING CHARACTERISTICS CURVES 

Fig. 7-loL OUTPUT LOW CURRENT 
vs Vol OUTPUT VOLTAGE 
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fig. 11-tois DISABLE TIME vs 
AMBIENT TEMPERATURE 
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Fig. 12-tDIS DISABLE TIME VS 

AMBIENT TEMPERATURE 
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PROGRAMMING INFORMATION 

FUJITSU PROM TECHNOLOGY 

Fujitsu's sophisticated Fine Emitter 
technology and programming pulse 
method enables higher programmabili­
ty and faster programming time than 
ordinary PROMs, for the highest 
reliability. 

Fast programming time of typically 
1 Oµs/bit is achieved with a fine emitter 
cell which requires less programming 
energy; thus, negligible thermal stress. 
Further, Fujitsu advanced technology 
allows very high programmability of 
typically 99%. 

To assure that the element is pro­
grammed properly, an additional four 
programming pulses are applied im­
mediately after a sense pulse indicates 
conduction in the programmed bit. 
This high reliability feature virtually 
eliminates aluminium migration in the 
programmed cell. The basic manu­
facturing process is a highly reliable 
gold doped TTL process. 

SPECIAL FACTORY TESTING 

One extra row and one extra column 
of test cells, plus additional circuitry 
built into the PROM chip, allow 
improved factory testing of DC, AC 
and programming characteristics. These 
test cells and test circuitry provide 
enhanced correlation between pro­
grammed and unprogrammed circuits 
in order to guarantee high pro­
grammability and reliability. 

PROGRAMMING 

The device is manufactured with out­
puts low (positive logic "zero") in all 
storage cells. To make an output high 
at a particular cell, a junction must be 
changed. from a blocking state to a 
conducting state. This procedure is 
called programming. 

Fig.17 - PROGRAMMED CELL (CROSS SECTION) 

Aluminum 

-1----t-Emitter 

Base 

Epitaxial Layer 

_J Buried Layer L 
l.____ _ ____.I 

Substrate 

Programmed by diffused aluminum eutectic process 

Fig. 18-INTERNAL PROGRAMMING CIRCUIT 

MEMORY CELL 
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A logic "one" can be permanently 
programmed into a selected bit loca­
tion. The desired bit for programming 
is selected using five address inputs to 
turn on transistor 01. By taking the 
chip enable input high, the chip is 
disabled and transistor 03 is held off. 
Then, a train of programming pulses 
applied to the desired output flows 
through the junction into transistor 
01. This programming current changes 
the junction to the conducting state. 
The pulse train is stopped as soon as 
the sensed voltage indicates that the 
selected bit is in the logic one state. 

An additional 4 programming pulses 
are required to ensure that the bit is 
fully programmed, and to achieve high 
reliability. 

One output must be programmed at 
a time, since the internal decoding 
circuit is capable of 'sinking only one 
unit of programming current at a time. 

DC SPECIFICATIONS (TA= 25°C) 

Parameter 

Input Low Voltage 

Input High Voltage 

Power Supply Voltage 

Programming Pulse Current 

Sense Pulse Current 

Programming Pulse Clamp Voltage 

Sense Pulse Clamp Voltage 

Sensed Voltage for a Programmed "1" 

VERIFICATION 

After the device has been programmed, 
the correct program pattern can be 
verified by taking the chip enable input 
low. To guarantee full supply voltage 
and full temperature range operation, 
a programmed device should source 
2.4mA/MB7051 at Vo H = 2.1 V and 
Vee=4.35V at 25°C ambient tem­
perature. 

LIABILITY 

Fujitsu utilizes an extensive testing 
procedure. to ensure device perform­
ance prior to shipment. However, 
100% programmability is not guaran­
teed, and it is imperative that th is 
specification be rigorously adhered to 
in order to achieve a satisfactory 
programming yield. Fujitsu will not 
accept responsibility for any device 
found defective if it was not pro­
grammed according to this specifica­
tion. Devices returned to Fujitsu as 
defective must be accompanied by a 
complete truth table with clearly 
indicated locations of supposedly 
defective memory cells. 

Symbol 

V1L 

V1H 

Vee 

IPRG 

ls NS 

Min 

0 

2.0 

5.0 

190 

19 

VPRG 31.5 

Vs NS 31-5 

VREF 13.4 
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These PROMs can be programmed via 
either of two methods. First, the MB 
7051 /56, which are directly compatible 
with the IM 5600/10, can be pro­
grammed using the IM 5600/10 pro­
grammer. Additionally, the MB 7051 I 
56 can be programmed using the same 
specification (with the exception of 
clamp and reference voltages) as used 
for the MB 7052/IM 5623, MB 7057/ 
IM 5603, IM 5604 and IM 5624; thus, 
the programming specifications con­
tained herein are provided for your 
convenience when using these latter 
methods. 

Typ Max Unit 

- 0.8 v 

- 5.25 v 

5.0 5.25 v 

200 210 mA 

20 21 mA 

32.0 32.0 v 

32.0 32.0 v 

13.5 13.6 v 
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AC SPECIFICATIONS (TA= 25°C) 

Parameter Symbol Min Typ Max Unit 

Programming Pulse Duty Cycle - 70 - - % 

Programming Pulse Width tpw * 7.2 7.5 7.8 µs 

Programming Pulse Ramp Rate (Rise) - 50 - 70 V/µs 

Programming Pulse Ramp Rate (Fall) - - - 150 V/µs 

Address Input Set-up Time ts A 500 - - ns 

Chip Enable Input Set-up Time tsc 500 - - ns 

Address Input Hold Time tHA 500 - - ns 

Chip Enable Input Hold Time tHc 500 - - ns 

Programming Pulse Trailing Edge to Sense Strobe Time tps 700 - - ns 

Programming Pulse Number - - - 100 Time 

Programming Time/Device - - - 256 ms 

Additional Programming Pulse Number - 4 4 4 Time 

*Note: Stipulated at 150U load and 15V. 

TYPICAL WAVEFORMS 

Vee 

PROGRAMMING PULSE--- -

SENSE PULSE 

SENSE STROBE 

2-59 



MB 7051 
MB 7056 

PROGRAMMING INFORMATION (continued} 

PROGRAMMING PROCEDURE 

1. Apply the proper power ; V cc 
5.0V, GND = OV 

2. Select the desired word using five 
address inputs. 

3. Take the chip enable input high. 
4. Apply 20mA sense current to the 

desired output after a delay of tsc, 
and confirm that the output voltage 
"Vo" is higher than, or equal to, 
the sensed voltage "VREF"· (In the 
case of Vo < VREF· select the 
next desired address after a delay 
of tHA .) 

5. Apply a programming pulse with 
amplitude of 200mA and duration 
of tpw. 

6. Apply the 20mA sense current and 
compare Vo with V REF after a 
delay of tps. 
a) In the case of Vo ~ VREF· the 

selected bit is still in the logic 
ZERO state. Repeat steps "5" 
and "6". 

b) In the case of Vo< VREF· the 
selected bit is then in the logic 
ONE state. Apply the sense 
current again, and confirm Vo< 
V REF after a delay of equal to 
(or greater than) tpw without 
intervening with programming 
pulse. In the case of Vo ~ 
V REF, repeat steps "5" and "6" 
again. 

7. After confirmation of Vo< VREF· 
apply four additional programming 
pulses. In the case of Vo ~ 
VR E f, then, repeat steps "5" and 
"6", again. Select the next desired 
word after a delay of tH A. 

Notes: 1) Sense current must be inter­
rupted (= zero) during each 
address change. 

2) Programming must be done 
bit by bit. 

3) Ambient temperature during 
programming must be room 
temperature (25° ±2°C). 

Fig. 19-PROGRAMMING FLOW CHART 
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PACKAGE DIMENSIONS 

16-LEAD CERAMIC DUAL-IN-LINE PACKAGE 
(CASE DIP16-A) 

16 

EF R .040 (1.0) R 

i) 

.D70 (1.78ll 

.os8 12.24lL 

.042 11 .01) I 

.06211.58)1 

1 

.760 (19.30) 
800 120.32) 

9 

8 

1 
i 

1

.287 17 29) 
299 17.59) 

j 

_j_ .160 (4.06) MAX 

~;~_05) 
.043(110) 1.1401356) 

_l 

-::~-=-" ]'·:.,.,,, 
l 310 (7.87) 

~====:o=o 
t.008 10.20) 

.012 (0.30) 

.9012.29)--J=..__._j __.j i i.:2?210.81) 
.110 (2.79) I--_' ri REF I 

--O~t38 ) .700 117 78) RE~ 
.023 (0.58) Dimensions in 

inches (millimeters) 

Circuit diagrams utilizing Fujitsu products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information herein has been carefully 
checked and is believed to be entirely reliable. However, no 
responsibility is assumed for inaccuracies. Furthermore, such 
information does not convey to the purchaser of the semi­
conductor devices described herein any license under the patent 
rights of Fujitsu Limited or others. Fujitsu Limited reserves the 
right to change device specifications. 
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PROGRAMMABLE 
1024-BIT .REIAD 
ONLY MEMORY 

TTL 1024-BIT PROGRAMMABLE READ ONLY MEMORY 

The Fujitsu MB 7052 and MB 7057 
are electrically field programmable, 
high speed bipolar TTL 1024-bit read 
only memories organized as 256 words 
by 4 bits. With three-state outputs 
provided on the MB 7052 and un­
committed collector outputs on the 
MB 7057, memory expansion is 
simple. Both devices have on-chip 
address decoding and chip enable, and 
they are fully compatible with both 
DTL and TTL circuits. 

The memory is fabricated with all 
logic "zeros" (positive logic). Logic 
level "ones" can be electrically pro­
grammed in the selected bit locations 
at the rate of 10 µs/bit (typical). 

Additional circuitry is built into the 
Fujitsu PROM chip to allow factory 
testing after packaging for AC, DC and 
programming parameters. The extra 

test cells and unique testing methods 
provide enhanced correlation between 
programmed and unprogrammed 
circuits in order to perform tests of 
key parameters prior to shipment. 
This results in extremely high 
programmability. 

• 256 words x 4 bits organization, 
fully decoded 

• High programmability of 99% 
typical (98% minimum) 

• Programming by diffused aluminum 
eutectic process 

• Ultra-fast programming time of 
10 µs/bit (typical) 

• AC characteristics guaranteed over 
full operating voltage and tempera­
ture range via unique testing 
techniques 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Vee Pin Potential to Ground Pin Vee -0.5 to+ 7.0 v 

Input Voltage VIN -1.5 to+ 5.5 v 

Output Voltage VouT -0.5 to+ 5.5 v 

Output Voltage (during programming) VPRG -0.5 to +28.5 v 

Input Current l1N - 20 mA 

Output Current louT +100 mA 

Output Current (during programming) IPRG +220 mA 

Temperature Under Bias TA -25to +125 oc 

Storage Temperature Tstg -55to +150 oc 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS 
are exceeded. 
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• Fast access time of 40 ns typical 
(60 ns maximum) at TA= 25°C 

• DTL/TTL compatible inputs and 
outputs 

• Active pull-up (3-state) on MB 7052 
or resistor pull-up (open-collector) 
on MB 7057 

• Two chip enable (CE) leads for 
simplified memory expansion 

• Standard 16-pin DIP package 

• Interchangeable with I M5603/ 
5623 

PIN ASSIGNMENT 

As 16 Vee 

As 2 15 A1 

A4 3 14 CE2 

A3 4 13 CE1 

Ao 5 12 01 

A1 6 11 02 

A2 7 10 03 

GND 8 9 04 
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MB 7057 

GUARANTEED OPERATING RANGES 

Parameter 

Supply Voltage 

Input Low Voltage 

Input High Voltage 

Ambient Temperature 

DC CHARACTERISTICS 
(Full guaranteed operating ranges unless otherwise noted.) 

Parameter 

Input Leakage Current (V1H = 4.5V) 

Input Leakage Current (V1H = 5.5V) 

Input Load Current (V1 L = 0.4V) 

Output Low Voltage OoL = 16mA) 

Output Leakage Current (Vo= 5.5V, chip disabled) 

Output Leakage Current (Vo= 0.4V, chip disabled) 

Input Clamp Voltage (l1N = -10mA) 

Power Supply Current (V1N =OPEN or GND) 

Output Leakage Current (Vo = 5.5V, chip enabled) 

Output High Voltage (lo= -2.4mA) MB 7052 

Output High Voltage (lo= -0.4mA) MB 7057 

Output Short Circuit Current (Vo= GND) MB 7052 

Output Short Circuit Current (Vo = GND) I MB 7057 

Symbol 

Vee 

V1L 

V1H 

TA 

Symbol 

IR1 

IR2 

IF 

VoL 

IOIH 

lo1L 

V1e 

lee 

IOLK* 

VoH * 

VoH* 

los * 

los* 

Min Typ Max Unit 

4.75 5.0 5.25 v 

- - 0.8 v 

2.0 - - v 

0 - 75 oc 

Min Typ Max Unit 

- - 60 µA 

- - 1.0 mA 

- - -1.0 mA 

- - 0.45 v 

- - 40 µA 

- - -40 µA 

- - -1.5 v 

- - 130 mA 

- - 100 µA 

2.4 - - v 

2.4 - - v 
-15 - -60 mA 

-1.0 - -6.0 mA 

*Note: Denotes guaranteed characteristics of the output high-level (ON) state when the chip is enabled (Vice = 0.4V) and the 
programmed bit is addressed. These characteristics cannot be tested prior to programming, but are guaranteed by 
factory testing. 

Parameter Symbol Min Typ Max Unit 

Input Capacitance c, - - 10 pF 

Output Capacitance Co - - 12 pF 
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MB7052 MB7057 

INPUT CONDITIONS 

Amplitude . . . . . . . . . . . . . . . . . . OV to 3V 
Rise and Fall Time . . . . . . . . . . . 5ns from 1 V to 2V 
Frequency.. . . . . . . . . . . . . . . . . . 1 MHz 

AC CHARACTERISTICS 

lAA 

tois ··1·· 

~;o·· 
lEN "1" 

lEN "O"" 

(Full guaranteed operating ranges unless otherwise noted.) 

Parameter 

Access Time (via address input) 

Output Disable Time 

Output Enable Time 

*Note: Values in parenthesis denote conditions at TA = 25°C. 

Ri 

300!1 

= 
300!1 

= 
300!1 

Symbol 

tAA * 

to1s * 

tEN * 

R2 CL Ri R2 

600!1 30pF 300!1 600!1 

600!1 10pF = 3.3K!1 

600!1 10pF 300!1 600!1 

600!1 30pF = 3.3K!1 

600!1 30pF 300!1 600!1 

Min Typ Max 

- (40) 70 (60) 

- (16) 40 (30) 

- (22) 40 (30) 

OPERATION TIMING DIAGRAM 

CHIP ENABLE INPUT 

tots .. , .. 

OUTPUT 

tots "O" 
OUTPUT 

~-----VtL 

tEN "1" 
~-----VoH 

1.5V 

tEN "O" 

1.5V 
~-----VoL 

CL 

30pF 

10pF 

10pF 

30pF 

30pF 

Unit 

ns 

ns 

ns 

Notes: 1) Output disable time is the time taken for the output to reach a high resistance state when either chip enable is 
taken high. Output enable time is the time taken for the output to become active when both chip enables are 
taken low. The high resistance state is defined as a point on the output waveform equal to a t:i. V of 0.5V from the 
active output level. 

2) tAA, to1S"'1"' and tEN"'1" cannot be tested prior to programming, but are guaranteed by factory testing. 
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MB 7057 

Ao 

Ai 

A2 ADDRESS 

Fig. 2 - MB 7052nos1 BLOCK DIAGRAM 

1024 BITS 

1OF32 (32 "32) 
INVERTERS DECODER MEMORY CELLS 

A3 

A4 

As 

ADDRESS MULTI-A5 
INVERTERS 

A1 

CE1 CHIP OUTPUT 

CE2 
ENABLE BUFFERS 

04 03 

TYPICAL INPUT CHARACTERISTICS CURVES 

~ 
i 

fig. 3 - l1NA INPUT CURRENT 
VS V1N INPUT VOLTAGE 

f-z o 1----+---+--+--'-'--+->--i---; 
~ Ve1=4.5~ 

~ n """-Vee"2,5.0V 
~ -1 ,___ __ b.Ve~ = 5.5v--+--+----< 
a.. 
~ 
gi 
~ -21--fflt---t--+--+-+--t---t 
0 
0 
<( 

~B 7052/57 

<(: 
z -3 '--'"'-'----'--'----'---'---~~ 

-1 0 1 2 
V1N, INPUT VOLTAGE (V) 
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TA';, 25~ 
J_ 
Vee =4.5V 

-= W" L 

~ JS _1ves = 5.ov 
Vee= 5.5V 

rvjB 70~ 2/57 
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OUTPUT CIRCUIT INFORMATION 

THREE-STATE OUTPUT 

A "three-state" output is a logic 
element which has three distinct out­
put states of ZERO, ONE and OFF 
(wherein OFF represents a high 
impedance condition which can neither 
sink nor source current at a definable 
logic level). Effectively, then, the 
device has all the desirable features of 
a totem-pole TTL output (e.g., greater 
noise immunity, good rise time, line 
driving capacity), plus the ability to 
connect to bus-organized systems. 

In the case where two devices are on 
at the same time, the possibility exists 
that they may be in opposite low im­
pendance states simultaneously; thus, 
the short circuit current from one 
enabled device may flow through the 
other enabled device. While physical 
damage under thes~ conditions is 
unlikely, system noise problems could 
result. Therefore, the system designer 
should consider these factors to ensure 
that this condition does not exist. 

OPEN-COLLECTOR OUTPUT 

The open-collector output is often 
utilized in high speed applications 
where power dissipation must be mini­
mized. When the device is switched, 
there is no current sourced from the 
supply rail. Consequently, the current 
spike normally associated with TTL 
totem-pole outputs is eliminated. In 
high frequency applications, this mini­
mizes noise problems (false triggering) 
as well as power drain. For example, 
the transient current (low impedance 
high-level to low impedance low-level) 
is typically 30mA for the MB 7052 
(3-state) compared to typically 3.0mA 
for the MB 7057 (open-collector). 

Fig. 5 - MB 7052 OUTPUT 

8-INPUT 1.6K 

MULTIPLEXER 

Fig. 6 - MB 7057 OUTPUT 

8-INPUT 6.0K 

MULTIPLEXER 

OUTPUT 
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MB 7052 
MB 7057 

TYPICAL OUTPUT /SWITCHING CHARACTERISTICS CURVES 

Fig. 7 - loL OUTPUT LOW CURRENT 
VS VoL OUTPUT LOW VOLTAGE 

< 70 J ] 
_s 60 Vee= 5.0V 

I­

~ 50 >----+--+---+--+-...d...,_l--_+---1 

t--T A = 25° C -+--+---+--+------< 

~ J7 a 40 >----+--+---+-7_..LJ'--+--+---+---+ 

~ _L g 301-----+--+--H--+-----+--+----I 

~ 201°>----+--~~-+---+--+---+---+ 
l-

o:;) J MB 7052 
J10>---~]7~L_,_..._--t~+--+---+----l 

< 

0 0 .___L1.L'---'---'--'---'--'----' 

0 200 400 600 

VoL, OUTPUT LOW VOLTAGE (mV) 

Fig, 9 - loH OUTPUT HIGH CURRENT 
vs VoH OUTPUT HIGH VOLTAGE 

.s 0 
I­

~ -10 t----t--r--~~ -J,."""-;;o!"'--f---1 
a: 
a: a -20 t------l>-~l-""-7"1"'-"l-----'~---1 

I 
Q -30 ...----+---+-­
I 
1-
:;) -40 l----+--+---+--t----+--1----1 
"-
1-
5_50 >----+--+----+--+----+-M_B_7~o_52--1 

:I: 
2-60'---'--'----'--'----'---'----' 

1 2 3 4 
VoH, OUTPUT HIGH VOLTAGE (V) 

Fig, 11 - tAA ACCESS TIME VS 
AMBIENT TEMPERATURE 

~ t'.l 30P~::;;;::~~---=--cL--l--~-
u 
<(. 20 >---+--+---+--+---+--+---I 
<( 
<( 
~ lO'-----+--l-----+--+-----+-M~B~7~0~52::..-i 

0 '---'---'----'---'----'---'----' 
-50 0 +50 +100 

TA, AMBIENT TEMPERATURE (°C) 
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Fig. 8 - loL OUTPUT LOW CURRENT 
vs VoL OUTPUT LOW VOLTAGE 

':i 10 /v 
2 0 '---'-L-'---'--'----'--'-----' 

0 200 400 600 
VoL, OUTPUT LOW CURRENT (mV) 

Fig. 10 - loH OUTPUT HIGH CURRENT 
vs VoH OUTPUT HIGH VOLTAGE 

< .s 0 l---'-+--t-----l--i---_..__i----1 
1-
2 
ll!-1 
a: a -2 ~~.,,c:_~-+-_..::,..._.:...';:.':'---~-l 

I 
Q -3 '---'--'---'­
I 
I-ii: -4 l---+---i----+---l----+---1--1 

1-
:;) MB 7057 
0 -5'----l------1----l------1'-----l--__::_,>----I 

:I: 
2 -6 '----'------1---'------1'----'---'---' 

1 2 3 4 

VoH, OUTPUT HIGH VOLTAGE (V) 

Fig. 12 - tAA ACCESS TIME vs 
AMBIENT TEMPERATURE 
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MB 7057 10>----+--+---+--+---+--t----J 
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TA, AMBIENT TEMPERATURE (°C) 
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Fig. 13 - tors DISABLE TIME VS 
AMBIENT TEMPERATURE 

10~~--------1--

MB 7052 
60>-----+---+----+--+---+-~--l 
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Fig. 15 - tEN ENABLE TIME vs 
AMBIENT TEMPERATURE 
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Fig. 17 - DELAY TIME INCREASE 
vs CL LOAD CAPACITANCE 
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Fig. 14 - tors DISABLE TIME VS 
AMBIENT TEMPERATURE 

MB 1057 
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Fig. 16 - teN ENABLE TIME VS 
AMBIENT TEMPERATURE 
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PROGRAMMING INFORMATION 

FUJITSU PROM TECHNOLOGY 

Fujitsu's sophisticated Fine Emitter 
technology and programming pulse 
method enables higher programm­
ability and faster programming time 
than ordinary PROMs, for the highest 
reliability. 

Fast programming time of typically 
lOµs/bit is achieved with a fine emitter 
cell which requires less programming 
energy; thus, negligible thermal stress. 
Further, Fujitsu advanced technology 
allows very high programmability of 
typically 99%. 

To assure that the element is program­
med properly, an additional four pro­
gramming pulses are applied immedi­
ately after a sense pulse indicates 
conduction in the programmed bit. 
This high reliability feature virtually 
eliminates aluminum migration in the 
programmed cell. The basic manufac­
turing process is a highly reliable gold 
doped TTL process. 

SPECIAL FACTORY TESTING 

One extra row and one extra column 
of test cells, plus additional circuitry 
built into the PROM chip, allow im­
proved factory testing of DC, AC and 
programming characteristics. These 
test cells and test circuitry provide 
enhanced correlation between pro­
grammed and unprogrammed circuits 
in order to guarantee high program­
mability and reliability. 

PROGRAMMING 

The device is manufactured with out­
puts low (positive logic "zero") in all 
storage cells. To make an output high 
at a particular cell, a junction must be 
changed from a blocking state to a 
conducting state. This procedure is 
called programming. 

Fig. 19 - PROGRAMMED CELL (CROSS SECTION) 

---.\--Aluminum 
.. : Si02" 

-1----l---Emitter 

-+---Base 

Epitaxial Layer 

Buried Layer 

Substrate 

~ Programmed by diffused aluminum eutectic process 

Fig. 20 - INTERNAL PROGRAMMING CIRCUIT 

~5::::::=================:!§~ 
A7 a::1- ,..,,., 

1---------~ CE2 
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A logic "one" can be permanently 
prqgrammed into a selected bit loca­
tion. The desired bit for programming 
is·selected using eight address inputs to 
turn on transistors 01 and 02. By 
taking either (or both) chip enable 
inputs high, the chip is disabled and 
trans.istor 03 is held off. Then, a train 
of programming pulses applied to the 
desired output flows through the junc­
tion into transistor 01. This program­
ming current changes the junction to 
the conducting state. The pulse train is 
stopped as soon as the sensed voltage 
indicates that the selected bit is in the 
logic one state. 

An additional 4 programming pulses 
are required to ensure that the bit is 
fully programmed, and to achieve high 
reliability. 

One output must be programmed at a 
time, since the internal decording 
circuit is capable of sinking only one 
unit of programming current at a time. 

DC SPECIFICATIONS (TA= 25°C) 

Parameter 

Input Low Voltage 

Input High Voltage 

Power Supply Voltage 

Programming Pulse Current 

Sense Pulse Current 

Programming Pulse Clamp Voltage 

Sense Pulse Clamp Voltage 

Sensed Voltage for a Programmed "1" 

VERIFICATION 

After the device has been program­
med, the correct program pattern can 
be verified by taking both chip enable 
inputs low. To guarantee full supply 
voltage and full temperature range 
operation, a programmed device 
should source 2.4mA/MB7052 (400µA 
/MB7057) at Vow2.1V and Vee= 
4.35V at 25°C ambient temperature. 

LIABILITY 

Fujitsu utilizes an extensive testing 
procedure to ensure device perform­
ance prior to shipment. However, 
100% programmability is not guaran­
teed, and it is imperative that this 
specification be rigorously adhered to 
in order to achieve a satisfactory pro­
gramming yield. Fujitsu will not 
accept responsibility for any device 
found defective if it was not program­
med according to this specification. 
Devices returned to Fujitsu as defec­
tive must be accompanied by a com­
plete truth table with clearly indicated 
locations of supposedly defective 
memory cells. 

Symbol Min 

VtL 0 

VtH 2.0 

Vee 5.0 

IPRG 190 

ls NS 19 

VPRG 27.5 

Vs NS 27.5 

VREF 6.9 
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Typ Max Unit 

- 0.8 v 

- 5.25 v 
5.0 5.25 v 

200 210 mA 

20 21 mA 

28.0 28.0 v 

28.0 28.0 v 

7.0 7.1 v 
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PROGRAMMING INFORMATION (continued) 

AC SPECIFICATIONS (TA= 25°C) 

Parameter Symbol Min Typ Max Unit 

Programming Pulse Duty Cycle - 70 - - % 

Programming Pulse Width tpw * 7.2 7.5 7.8 µs 

Programming Pulse Ramp Rate (Rise) - 50 - 70 V/µs 

Programming Pulse Ramp Rate (Fall) - - - 150 V/µs 

Address Input Set-up Time ts A 500 - - ns 

Chip Enable Input Set-up Time tsc 500 - - ns 

Address Input Hold Time tHA 500 - - ns 

Chip Enable Input Hold Time tHC 500 - - ns 

Programming Pulse Trailing Edge to Sense Strobe Time tps 700 - - ns 

Programming Pulse Number - - - 100 Time 

Programming Time/Device - - - 1024 ms 

Additional Programming Pulse Number - 4 4 4 Time 

* Note: Stipulated at 150Q load and 1 SV. 

TYPICAL WAVEFORMS 

Vee 

PROGRAMMING PULSE--- -

SENSE PULSE 

SENSE STROBE 
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PROGRAMMING PROCEDURE 

1. Apply the proper power; Vee 
5.0V, GND = OV 

2. Select the desired word using eight 
address inputs. 

3. Take either (or both) chip enable 
inputs high. 

4. Apply 20mA sense current to the 
desired output after a delay of tsc. 
and confirm that the output voltage 
"Vo" is higher than, or equal to, 
the sensed voltage "VR E F ". (In the 
case of Vo < VR E F, select the 
next desired address after a delay 
oftHA·) 

5. Apply a programming pulse with 
amplitude of 200mA and duration 
of tpw. 

6. Apply the 20mA sense current and 
compare Vo with VREF after a 
delay of tps. 
a) In the case of Vo~ VR EF· the 

selected bit is still in the logic 
ZERO state. Repeat steps "5" 
and "6". 

b) In the case of Vo< VREF· the 
selected bit is then in the logic 
ONE state. Apply the sense cur­
rent again, and confirm Vo < 
V REF after a delay of equal to 

(or greater than) tpw without 
intervening with programming 
pulse. In the case of Vo ~ 
VR E F· repeat step "5" and "6" 
again. 

7. After confirmation of Vo< VREF· 

apply four additional programming 
pulses. In the case of Vo ~ VR E F, 
then, repeat steps "5" and "6", 
again. Select the next desired word 
after a delay of tH A. 

Note: 1) Sense _current must be 
interrupted (= zero) during 
each address change. 

2) Programming must be done 
bit by bit. 

3) Ambient temperature during 
programming must be room 
temperature (25° ± 2°C). 

STOP 

MB 7052 
MB 7057 

Fig. 21 - PROGRAMMING FLOW CHART 
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PACKAGE DIMENSIONS 

16 

EF R .040 (1.0) R 

~ 

.Q70 (1.78ff­

.088 (2.24)1._ 

1 

16-LEAD CERAMIC DUAL-IN-LINE PACKAGE 
(CASE DIP16-A) 

.760 (19.30) 

.800 (20.32) 

9 

8 

I 

J 
.287 (7.29) 
.299 (7.59) 

I __l .160 (4.06) MAX 

.120 (3.05) 

.140 (3.56) 

_j_ 

_.;;"-~:JO"-:"'" 
l 310 (7.87) 

-.-,=====i== 
t.008 (0.20) 
.012 (0.30) 

Dimensions in 
inches (millimeters) 

Circuit diagrams utilizing Fujitsu products are included as a 
means of illustrating typical semiconductor applications; con­
sequently, complete information sufficient for construction 
purposes is not necessarily given. The information herein has been 
carefully checked and is believed to be entirely reliable. However, 
no responsibility is assumed for inaccuracies. Furthermore, such 
information does not convey to the purchaser of the semiconduc­
tor devices described herein any license under the patent rights of 
Fujitsu Limited or others. Fujitsu Limited reserves the right to 
change device specifications. 
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PROGRAMMABLE 
2048-BIT READ 
ONLY MEMORY 

TTL 2048-BIT PROGRAMMABLE READ-ONLY MEMORY 

The Fujitsu MB 7053 and MB 7058 
are electrically field programmable, 
high speed bipolar TTL 2048-bit read 
only memories organized as 512 words 
by 4 bits. With three-state outputs 
provided on the MB 7053 and un­
committed collector outputs on the 
MB 7058, memory expansion is simple. 
Both devices have on-chip address 
decoding and chip enable, and they are 
fully compatible with both DTL and 
TTL circuits. 

The memory is fabricated with all 
logic "zeros" (positive logic). Logic 
level "ones" can be electrically pro­
grammed in the selected bit locations 
at the rate of 10 µs/bit (typical). 

Additionial circuitry is built into the 
Futjitsu PROM chip to allow factory 
testing after packaging for AC, DC 

and programming parameters. The 
extra test cells and unique testing 
methods provide enhanced correla­
tion between programmed and un­
programmed circuits in order to 
perform tests of key parameters prior 
to shipment. This results in extremely 
high programmability. 

• 512 words x 4 bits organization, 
fully decoded 

• High programmability of 99% 
typical (98% minimum) 

• Programming by diffused aluminum 
eutectic process 

• Ultra-fast programming time of 
10 µs/bit (typical) 

• AC characteristics guaranteed over 
full operating voltage and tempera­
ture range via unique testing 
techniques 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Vee Pin Potential to Ground Pin Vee -0.5 to +7.0 v 

Input Voltage VIN -1.5 to +5.5 v 

Output Voltage VouT -0.5 to +5.5 v 

Output Voltage 
VPRG -0.5 to +28.5 v 

(during programming) 

Input Current l1N -20 mA 

Output Current louT +100 mA 

Output Current 
IPRG +220 mA 

(during programming) 

Temperature Under Bias TA -25 to +125 oc 

Storage Temperature Tstg -55 to +150 oc 

,Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS 
are exceeded. 
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• Fast access time of 40 ns typical 
(60 ns maximum) at TA ; 25° C 

• DTL/TTL compatible inputs and 
outputs 

• Active pull·up (3-state) on MB 7053 
or resistor pull-up (open-collector) 
on MB 7058 

• Chip enable (CE) lead for simplified 
memory expansion 

• Standard 16-pin DIP package 

• Interchangeable with IM5604/ 
5624 

PIN ASSIGNMENT 

A5 16 Vee 

A5 15 A1 

A4 3 14 As 

A3 4 13 CT: 

Ao 5 12 o, 
A, 6 11 02 

A2 7 10 03 

GND 8 9 04 

1' 

! 
11 

lj 

I 
I 
'~ 
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GUARANTEED OPERATING RANGES 

Parameter 

Supply Voltage 

Input Low Voltage 

Input High Voltage 

Ambient Temperature 

DC CHARACTERISTICS 
(Full guaranteed operating ranges unless otherwise noted.) 

Parameter 

Input Leakage Current (V1H = 4.5V) 

Input Leakage Current (V1H = 5.5V) 

Input Load Current (V1L = 0.4VI 

Output Low Voltage (loL = 16mAI 

Output Leakage Current (Vo = 5.5V, chip disabled) 

Output Leakage Current (Vo= 0.4V, chip disabled) 

Input Clamp Voltage 01N = -10mAI 

Power Supply Current (V1N =OPEN or GND) 

Output Leakage Current (Vo = 5.5V, chip enabled) 

Output High Voltage (lo = -2.4mA) MB 7053 

Output High Voltage (lo= -0.4mAI MB 7058 

Output Short Circuit Current (Vo = GNDI MB 7053 

Output Short Circuit Current (Vo= GNDI MB 7058 

Symbol 

Vee 

V1L 

V1H 

TA 

Symbol 

IR1 

IR2 

IF 

VoL 

lo1H 

lo1L 

Vic 

Ice 

IOLK* 

VoH* 

VoH* 

los* 

los* 

Min Typ Max Unit 

4.75 5.0 5.25 v 

- - 0.8 v 

2.0 - - v 

0 - 75 •c 

Min Typ Max Unit 

- - 60 µA 

- - 1.0 mA 

- - -1.0 mA 

- - 0.45 v 

- - 40 µA 

- - -40 µA 

- - -1.5 v 

- - 140 mA 

- - 100 µA 

2.4 - - v 

2.4 - - v 
-15 - -60 mA 

-1.0 - -6.0 mA 

*Note: Denotes guaranteed characteristics of the output high-level (ON) state when the chip is enabled (Vice= 0.4VI and the 
programmed bit is addressed. These characteristics cannot be tested prior to programming, but are guaranteed by 
factory testing. 

CAPACITANCE If= 1MHz; Vee =+5V; V1N =+2V;TA = 25°CI 

Parameter Symbol Min Typ Max Unit 

Input Capacitance C1 - - 10 pf 

Output Capacitance Co - - 12 pf 
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Fig. 1- AC TEST CONDITIONS 

300.n 

~ c,L'., 
300.n 600.n 30pF 

MB7053 MB7058 

600.n 30pF 

~ to1s "1" 600.n 10pF 3.3Kil 10pF 

INPUT CONDITIONS to1s "O" 300.n 600.n 10pF 300.n 600.n 1 OpF 

Amplitude . . . . . . . . . . . . . . . . . . OV to 3V tEN "1" 600.n 30pF 3.3K.n 30pF 
Rise and Fall Time ........... 5ns from 1V to 2V 
Frequency. . . . . . . . . . . . . . . . . . . 1 MHz 

300.n 600.n 30pF 300.n 600.n 30pF 

AC CHARACTERISTICS 
(Full guaranteed operating ranges unless otherwise noted.I 

Parameter Symbol Min Typ Max Unit 

Access Time (via address input) tAA * - (40) 70 (60) ns 

Output Disable Time to1s * - (16) 40 (30) ns 

Output Enable Time tEN * - (22) 40 (30) ns 

*Note: Values in parenthesis denote conditions at TA = 25°C. 

OPERATION TIMING DIAGRAM 

CHIP ENABLE INPUT 

to1s "1"' 

.OUTPUT 

to1s "O" 
OUTPUT 

"'------- V1L 
tEN "1" 
-----VoH 
1.5V 

tEN '"0" 

,1_.5_v ____ voL 

Notes: 1) Output disable time is the time taken for the output to reach a high resistance state when either chip enable is 
taken high. Output enable time is the time taken for the output to become active when both chip enables are 
taken low. The high resistance state is defined as a point on the output waveform equal to a 6. V of 0.5V from the 
active output level. 

2) tAA, tolS"1 '"and tEN"1 '"cannot be tested prior to programming, but are guaranteed by factory testing. 
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Ao 

A1 

ADDRESS 
A2 

INVERTERS 

A3 

A4 

A5 

A5 ADDRESS 

A1 INVERTERS 

As 

CE 
CHIP 

ENABLE 

Fig. 2 - MB 7053/7058 BLOCK DIAGRAM 

2048 BITS 
1 OF 32 

(32 x 64) 
DECODER 

MEMORY CELLS 

MULTI-

OUTPUT 

BUFFERS 

04 03 Oz 01 

TYPICAL INPUT CHARACTERISTICS CURVES 

< 
! 
~ 0 
w 
a: 
a: 
:J 
u 
I- -1 
:J 
a. 
z 
<Jl 
<Jl 

~ -2 
Cl 
Cl 
<l: 
<i. 
z -3 

fig. 3 - l1NA INPUT CURRENT 
VS V1N INPUT VOLTAGE 

TA 1=25°C 

v Vcs.=4.5V...:::..-: 

V".: '~cc~ 5.0V 

Vee= 5.5V 

MB 7053/58 

-1 0 1 2 
V1N, INPUT VOLTAGE (V) 
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! 

Fig. 4- l1NC INPUT CURRENT 
VS V1N INPUT VOLTAGE 

1- TA= 25°C 

~ 0 .___--+-_ _14----+--4----+----+--l 
a: Vee= 4.sv I.$ 
§ ~ ~ 
~ r/~ -I've~ 5.ov 

~ -1 '/ Liv~c = 5.5v+--+---t 
z 
w 
...J 
ro 
<l: 1ii -2 l--fltr--l---t--1---t--1---1 

!!: MB 7053/58 
::i:: 
u 
u _3...__,.....__.____,__.___,__.____, 

:!: -1 0 1 2 
V1N, INPUT VOLTAGE (V) 



OUTPUT CIRCUIT INFORMATION 

THREE-STATE OUTPUT 

A "three-state" output is a logic 
element which has three distinct out­
put states of ZERO, ONE and OFF 
(wherein OFF represents a high 
impedance condition which can neither 
sink nor source current at a definable 
logic level). Effectively, then, the 
device has all the desirable features of 
a totem-pole TTL output (e.g., greater 
noise immunity, good rise time, line 
driving capacity), plus the ability to 
connect to bus-organized systems. 

In the case where two devices are on 
at the same time, the possibility exists 
that they may be in opposite low im­
pendance states simultaneously; thus, 
the short circuit current from one 
enabled device may flow through the 
other enabled device. While physical 
damage under thes~ conditions is 
unlikely, system noise problems could 
result. Therefore, the system designer 
should consider these factors to ensure 
that this condition does not exist. 

OPEN-COLLECTOR OUTPUT 

The open-collector output is often 
utilized in high speed applications 
where power dissipation must be mini­
mized. When the device is switched, 
there is no current sourced from the 
supply rail. Consequently, the current 
spike normally associated with TTL 
totem-pole outputs is eliminated. In 
high frequency applications, this mini­
mizes noise problems (false triggering) 
as well as power drain. For example, 
the transient current (low impedance 
high-level to low impedance low-level) 
is typically 30mA for the MB 7053 
(3-state) compared to typically 3.0mA 
for the MB 7058 (open-collector). 

16-INPUT 

MULTIPLEXER 

16-INPUT 

MULTIPLEXER 
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Fig. 5 - MB 7053 OUTPUT 

Fig. 6 - MB 7058 OUTPUT 
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TYPICAL OUTPUT /SWITCHING CHARACTERISTICS CURVES 
Fig. 7 - lo L OUTPUT LOW CURRENT 

VS VoL OUTPUT LOW VOLTAGE 
70.---.,---,..--r--.---r--.--~ 

;( .1 J 
E Vee= 5.0V 
~ 601--T A = 25oC --+---t----+--~-t---1 

~ 50 17 
0: .z a 40 t---+--t---vl--->'-+--t---+---1 

s: 11 
~ 301----+--rl-+-/t---+--t---+---1 

~ 201---+--~IL_-+----+---t---t---I 
~ J MB 7053 
~ 10t---t-V'~~-+--t---t--t---t---I 

2 0 ,__.Ll...u....-'---.L...-'---'--'---' 

;( 

0 200 400 600 

VoL, OUTPUT LOW VOLTAGE (mV) 

Fig. 9 - loH OUTPUT HIGH CURRENT 
VS VoH OUTPUT HIGH VOLTAGE 
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Fig. 11- tAA ACCESS TIME 
vs AMBIENT TEMPERATURE 
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2-79 

Fig. 8 - loL OUTPUT LOW CURRENT 
vs Vol OUTPUT LOW VOLTAGE 

70 
;( s 60 ... z 
w 50 
0: 
0: a 40 

~ 30 
..J ... 
~ 20 ... 
:J 
0 10 
..i 
2 

0 

J 1 
Vee =5.0V 

f--TA = 25°C 

~ 

L 
I-

i MB 7058 

LJ 
0 200 400 600 

VoL, OUTPUT LOW CURRENT (mV) 

Fig. 10 - loH OUTPUT HIGH CURRENT 
vs VoH OUTPUT HIGH VOLTAGE 

;( 
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Fig. 12 - tAA ACCESS TIME 
VS AMBIENT TEMPERATURE 
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Fig. 13 - to1s DISABLE TIME 
vs AMBIENT TEMPERATURE 

~501----+--t---+--+--l---+----I 
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~401------r--+---+--l---I----+-----< 
W I 
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Fig. 15 - tEN ENABLE TIME 
vs AMBIENT TEMPERATURE 
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Fig.17 - DELAY TIME INCREASE 
vs CL LOAD CAPACITANCE 

Vee= 5.0V--1--+---li--M_B_,_70_53"..j 
TA= 25°C 

~ 50 l----+---+----+--+---11---+----1 
a: 
~ 40 l----+---+----+--+---11---+----1 

w 
::; 30 
~ 
>-
<( 20 
..J 
w 
0 101----+-+--...-l~~""""f---l---I 

0 '--~'----'----'--1--L-_L__J 
0 100 200 300 

CL, LOAD CAPACITANCE (pF) 

2-80 

~ 
c: 

70 

60 

~ 50 
::; 
~ 40 
w 
..J 

"' <( 30 
V> 

Ci 
en· 20 
Ci 
~ 10 

0 

MB 7053 
MB 7058 

11111111111111111111111111111111111111111111111111111111111111111 

FUJITSU 

lllllllllllllllllllllilllllllllllllllllllllllllllllllllllllllllll 

Fig. 14 - to1s DISABLE TIME 
vs AMBIENT TEMPERATURE 

MB1o5s 

Vee= 5.5V-

Vee=~.o~ 
17 T 
vr i.5v-

-50 0 +50 +100 

70 

TA, AMBIENT TEMPERATURE (°C) 

Fig. 16 - tEN ENABLE TIME 
vs AMBIENT TEMPERATURE 
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PROGRAMMING INFORMATION 

FUJITSU PROM TECHNOLOGY 

Fujitsu's sophisticated Fine Emitter 
technology and programming pulse 
method enables higher programm­
ability and faster programming time 
than ordinary PROMs, for the highest 
reliability. 

Fast programming time of typically 
10µs/bit is achieved with a fine emitter 
cell which requires less programming 
energy; thus, negligible thermal stress. 
Further, Fujitsu advanced technology 
allows very high programmability of 
typically 99%. 

To assure that the element is program­
med properly, an additional four pro­
gramming pulses are applied immedi­
ately after a sense pulse indicates 
conduction in the programmed bit. 
This high reliability feature virtually 
eliminates aluminum migration in the 
programmed cell. The basic manufac­
turing process is a highly reliable gold 
doped TTL process. 

SPECIAL FACTORY TESTING 

One extra row and one extra column 
of test cells, plus additional circuitry 
built into the PROM chip, allow im­
proved factory testing of DC, AC and 
programming characteristics. These 
test cells and test circuitry provide 
enhanced correlation between pro­
grammed and unprogrammed circuits 
in order to guarantee high program­
mability and reliability. 

PROGRAMMING 

The device is manufactured with out­
puts low (positive logic "zero") in all 
storage cells. To make an output high 
at a particular cell, a junction must be 
changed from a blocking state to a 
conducting state. This procedure is 
called programming. 

Fig_ 19 - PROGRAMMED CELL (CROSS SECTION) 

---t-- Aluminum 
.. . : .·· . Sio-2··· . 

-~--Base 

Epitaxial Layer 

Buried Layer 

Substrate 

~ Programmed by diffused aluminum eutectic process 

As 
I 

As 

Fig. 20 - INTERNAL PROGRAMMING CIRCUIT 
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A logic "one" can be permanently 
progrJmmed into a selected bit loca­
tion. The desired bit for programming 
is selected using eight address inputs to 
turn on transistors 01 and 02. By 
taking either (or both) chip enable 
inputs high, the chip is disabled and 
transistor 03 is held off. Then, a train 
of programming pulses applied to the 
desired output flows through the junc­
tion into transistor 01. This program­
ming current changes the junction to 
the conducting state. The pulse train is 
stopped as soon as the sensed voltage 
indicates that the selected bit is in the 
logic one state. 

An additional 4 programming pulses 
are required to ensure that the bit is 
fully programmed, and to achieve high 
reliability. 

One output must be programmed at a 
time, since the internal decording 
circuit is capable of sinking only one 
unit of programming current at a time. 

DC SPECIFICATIONS (TA~ 25°C) 

Parameter 

Input Low Voltage 

Input High Voltage 

Power Supply Voltage 

Programming Pulse Current 

Sense Pulse Current 

Programming Pulse Clamp Voltage 

Sense Pulse Clamp Voltage 

Sensed Voltage for a Programmed "1" 

VERIFICATION 

After the device has been program­
med, the correct program pattern can 
be verified by taking both chip enable 
inputs low. To guarantee full supply 
voltage and full temperature range 
operation, a programmed device 
should source 2.4mA/MB7053 (400µA 
/MB7058) at VoH=2.1V and Vee= 
4.35V at 25°C ambient temperature. 

LIABILITY 

Fujitsu utilizes an extensive testing 
procedure to ensure device perform­
ance prior to shipment. However, 
100% programmability is not guaran­
teed, and it is imperative that this 
specification be rigorously adhered to 
in order to achieve a satisfactory pro­
gramming yield. Fujitsu will not 
accept responsibility for any device 
found defective if it was not program­
med according to this specification. 
Devices returned to Fujitsu as defec­
tive must be accompanied by a com­
plete truth table with clearly indicated 
locations of supposedly defective 
memory cells. 

Symbol Min 

V1L 0 

V1H 2.0 

Vee 5.0 

IPRG 190 

ls NS 19 

VPRG 27.5 

Vs NS 27.5 

VREF 6.9 
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Typ Max 

- 0.8 

- 5.25 

5.0 5.25 

200 210 

20 21 

28.0 28.0 

28.0 28.0 

7.0 7.1 
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Unit 

v 

v 

v 

mA 

mA 

v 

v 

v 
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PROGRAMMING INFORMATION (continued) 

AC SPECIFICATIONS (TA= 25°C) 

Parameter Symbol 

Programming Pulse Duty Cycle -
Programming Pulse Width trw * 

Programming Pulse Ramp Rate (Rise) -

Programming Pulse Ramp Rate (Fall) -

Address Input Set-up Time ts A 

Chip Enable Input Set-up Time tsc 

Address Input Hold Time tHA 

Chip Enable Input Hold Time tHC 

Programming Pulse Trailing Edge to Sense Strobe Time trs 

Programming Pulse Number -

Programming Time/Device -

Additional Programming Pulse Number -

* Note: Stipulated at 150U load and 15V. 

TYPICAL WAVEFORMS 

Vee 

CE 

SENSE PULSE 

SENSE STROBE 
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Min Typ Max Unit 

70 - - % 

7.2 7.5 7.8 µs 

50 - 70 V/µs 

- - 150 V/µs 

500 - - ns 

500 - - ns 

500 - - ns 

500 - - ns 

700 - - ns 

- - 100 Time 

- - 2048 ms 

4 4 4 Time 



PROGRAMMING PROCEDURE 

1. Apply the proper power; Vee 
5.0V, GND = OV 

2. Select the desired word using nine 
address inputs. 

3. Take either (or both) chip enable 
inputs high. 

4. Apply 20mA sense current to the 
desired output after a delay of tsc, 
and confirm that the output voltage 
"Vo" is higher than, or equal to, 
the sensed voltage "VREF". (In the 
case of Vo < VREF, select the 
next desired address after a delay 
of tHA·) 

5. Apply a programming pulse with 
amplitude of 200mA and duration 
of tpw. 

6. Apply the 20mA sense current and 
compare Vo with VREF after a 
delay of tps. 
a) In the case of Vo~ VREF· the 

selected bit is still in the logic 
ZERO state. Repeat steps "5" 
and "6". 

b) In the case of Vo< VR E F, the 
selected bit is then in the logic 
ONE state. Apply the sense cur­
rent again, and confirm Vo < 
VR E F after a delay of equal to 
(or greater than) tpw without 
intervening with programming 
pulse. In the case of Vo ~ 
VR E F, repeat step "5" and "6" 
again. 

7. After confirmation of Vo< VREF· 

apply four additional programming 
pulses. In the case of Vo~ VREF, 
then, repeat steps "5" and "6", 
again. Select the next desired word 
after a delay of tH A. 

Note: 1 I Sense current must be 
interrupted (=zero) during 
each address change. 

21 Programming must be done 
bit by bit. 

3) Ambient temperature during 
programming must be room 
temperature (25° ± 2° C). 
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Fig. 21 - PROGRAMMING FLOW CHART 
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MB 7053 
MB 7058 

PACKAGE DIMENSIONS 

16-LEAD CERAMIC DUAL-IN-LINE PACKAGE 
(CASE DIP16-C) 

''""M'"t : : : : : : :IJ~:i~: 
I .754 (19.15) 1 

.787 (20.0) 

--"""""~50 
.325(]]1~--:::.--~ J90(7.37) Tu .310 (7.87) 

t .008 (0.20) 
.014 (0.36) 

D1mens1ons in 
inches (millimeters) 

Circuit diagrams utilizing Fujitsu products are included as a 
means of illustrating typical semiconductor applications; con­
sequently, complete information sufficient for construction 
purposes is not necessarily given. The information herein has been 
carefully checked and is be)ieved to be entirely reliable. However, 
no responsibility is assumed for inaccuracies. Furthermore, such 
information does not convey to the purchaser of the semiconduc­
tor devices described herein any license under the patent rights of 
Fujitsu Limited or others. Fujitsu Limited reserves the right to 
change device specifications. 
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PROGRAMMABLE 
4096-BIT READ 
ONLY MEMORY 

TTL 4096-BIT PROGRAMMABLE READ ONLY MEMORY 

The Fujitsu MB 7054 and MB 7059 
are electrically field programmable, 
high-speed bipolar TTL 4096-bit read 
only memories organized as 1024 
words by 4 bits. With three-state 
outputs provided on the MB 7054 and 
uncommitted collector outputs on the 
MB 7059, memory expansion is 
simple. Both devices have on-chip 
address decoding and chip enable, and 
they are fully compatible with both 
DTL and TTL circuits. 

The memory is fabricated with all 
logic "zeros" (positive logic). Logic 
level "ones" can be electrically pro· 
grammed in the selected bit locations 
at the rate of 10 µs/bit (typical). 

Additional circuitry is built into the 
Fujitsu PROM chip to allow factory 
testing after packaging for AC, DC and 
programming parameters. The extra 

test cells and unique testing methods 
provide enhanced correlation between 
programmed and unprogrammed 
circuits in order to perform tests of 
key paramet~rs prior to shipment. 
This results in extremely high 
programmability. 

• 1024 words x 4 bits organization, 
fully decoded. 

• High programmability of 99% 
typical (98% minimum) 

• Programming by diffused 
aluminum eutectic process 

• Ultra-fast programming time of 
10 µs/bit (typical) 

• AC characteristics guaranteed 
over full operating voltage and 
temperature range via unique 
testing techniques 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value 

V cc Pin Potential to <Jround Pin Vee -0.5 to+ 7.0 

Input Voltage VIN -1.5 to+ 5.5 

Output Voltage VouT -0.5 to+ 5.5 

Output Voltage (during programming) VPRG -0.5 to +28.5 

Input Current l1N - 20 

Output Current louT +100 

Output Current (during programming) IPRG +220 

Temperature Under Bias TA -25 to +125 

Storage Temperature Tstg -55 to +150 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. 
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Unit 

v 

v 

v 

v 

mA 

mA 

mA 

oc 

oc 

MB 7054 
MB 7059 

• Fast access time of 45 ns 

• DTL/TTL compatible inputs 
and outputs 

• Active pull-up (3-state) on MB 
7054 or resistor pull-up (open· 
collector) on MB 7059 

• Two chip enable (CE) leads for 
simplified memory expansion 

• Standard 18-pin DIP package 

• Second-source available 

PIN ASSIGNMENT 

A6 18 Vee 

A5 2 17 A7 

A4 3 16 As 

A3 4 15 Ag 

Ao 5 14 o, 

A1 6 13 02 

A2 7 12 03 

CE 1 8 11 04 

GND 9 10 CE2 
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GUARANTEED OPERATING RANGES 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.75 5.0 5.25 v 

Input Low Voltage V1L - - 0.8 v 

Input High Voltage V1H 2.0 - - v 

Ambient Temperature TA 0 - 75 oc 

DC CHA.RACTERISTICS 
(Full guaranteed operating ranges unless otherwise noted.) 

Parameter Symbol Min Typ Max Unit 

Input Leakage Current (V1H = 4.5V) IR 1 - - 60 µA 

Input Leakage Current (V1H = 5.5V) IR2 - - 1.0 mA 

Input Load Current (V1 L = 0.4V) IF - - -0.5 mA 

Output Low Voltage (loL = 16mA) VoL - - 0.45 v 

Output Leakage Current (Vo= 5.5V, chip disabled) lo1H - - 40 µA 

Output Leakage Current (Vo= 0.4V, chip disabled) lo1L - - -40 µA 

Input Clamp Voltage U1N = -10mA) Vic ' - - -1.5 v 
·------

Power Supply Current (V1N =OPEN or GND) Ice - - 130 mA 

Output Leakage Current (Vo = 5.5V, chip enabled) loLK• - - 100 µA 

Output High Voltage (lo= -2.4mA) 

t 
MB 7054 VoH . 2.4 - - v 

Output High Voltage (lo = -0.4mA) MB 7059 VoH* 2.4 - - v 

Output Short Circuit Current (Vo= GND) T MB 7054 los 
. -15 - -60 mA 

Output ~hart Circuit Current (Vo= GND) _J MB 7059 los* -1.0 - -6.0 mA 

*Note: Denotes guaranteed characteristics of the output high-level (ON) state when the chip is enabled (V16E = 0.4V) and the 
programmed bit is addressed. These characteristics cannot be tested prior to programming, but are guaranteed by 
factory testing. 

CAPACITANCE (f = 1MHz; Vee= +5V; V1N = +2V;TA = 25°C) 

Parameter Symbol Min Typ Max Unit 

Input Capacitance C1 - - 10 pF 

Output Capacitance Co - - 12 pF 
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Fig. 1- AC TEST CONDITIONS 
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c,L MB7054 MB7059 
R2 

R1 R2 CL R1 

tAA 300n soon 30pF 300n 
...;:- tors .. , .. soon 10pF 

INPUT CONDITIONS tors "O" 300n soon 10pF 300n 
Amplitude .................. OV to3V teN "1" soon 30pF 
Rise and Fall Time ........... 5ns from 1 V to 2V 

teN "O" 300n soon 30pF 300n Frequency ................... 1 MHz 

AC CHARACTERISTICS 
(Full guaranteed operating ranges unless otherwise noted.) 

Parameter Symbol Min Typ 

Access Time (via address input) tAA * - (45) 

Output Disable Time to1s 
. - (16) 

Output Enable Time tEN 
. - (22) 

*Note: Values in parenthesis denote conditions at TA = 25°C. 

OPERATION TIMING DIAGRAM 

CHIP ENABLE INPUT 

to1s .. , .• 

OUTPUT 

to1S "O" 
OUTPUT 

'------- V1L 
teN "1" 
~-----VoH 

1.5V 

teN "O" 

,1_.s_v ____ VoL 

R2 CL 
soon 30pF 
3.3Kn 10pF 
soon 10pF 
3.3Kn 30pF 
soon 30pF 

Max Unit 

70 ns 

40 ns 

40 ns 

Notes: 1) Output disable time is the time taken for the output to reach a high resistance state when either chip enable is 
taken high. Output enable time is the time taken for the output to become active when both chip enables are 
taken low. The high resistance state is defined as a point on the output waveform equal to a /l V of 0.5V from the 
active output level. 

2) tAA, to IS"1" and tE N "1" cannot be tested prior to programming, but are guaranteed by factory testing. 
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Fig. 2 - MB 7054nos9 BLOCK DIAGRAM 

Ao 

A, 

A2 4096 BITS 
ADDRESS 1OF64 

(64 x 64) 

A3 INVERTERS DECODER 
MEMORY CELLS 

A4 

A5 

As 

A1 ADDRESS 
MULTI-

As INVERTERS 
Ag 

CE 1 CHIP OUTPUT 

ENABLE BUFFERS 

04 03 02 o, 

TYPICAL INPUT CHARACTERISTICS CURVES 

< 
! 
~ 0 
w 
a: 
a: 
:::> 
u 
I- -0.5 
:::> 
0.. 

~ 
l:l 
~-1.0 
0 
0 
<( 

<i 
~-1.5 

Fig. 3 - l1NA INPUT CURRENT 
vs V1N INPUT VOLTAGE 

TA1=25~ 
vecr4.5v_:::,. I,/ 

V'- 'Vee-::; 5.0V 
r:,, ' ' -

Vee =5.5V 

MB 7054/59 

-1 0 1 2 
V1N, INPUT VOLTAGE (V) 
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Fig. 4 - l1Nc INPUT CURRENT 
<{ VS V1N INPUT VOLTAGE 
! 
I- TA 1= 25°C 
ai 0 1---t---1-1---t--t---t-"""1~_, 
~ Vee=.t5V ~ 
:::> 

~ ~ J'Veq = 5.0V 
~ -0.5 LGv~e = 5.5v-r----.---. 
~ 
w 
..J 
Ill 
<( 
z -1.0 J---itH--t---t--t---t----jJ----1 
w 
!!: MB 7054/59 
::c 
u 
~--1.5~~-~~-~~~~~ 
.: -1 0 1 2 

V1N, INPUT VOLTAGE (V) 



OUTPUT CIRCUIT INFORMATION 

THREE-STATE OUTPUT 

A "three-state" output is a logic 
element which has three distinct out­
put states of ZERO, ONE and OFF 
(wherein OFF represents a high 
impedance condition which can neither 
sink nor source current at a definable 
logic level). Effectively, then, the 
device has all the desirable features of 
a totem-pole TTL output (e.g., greater 
noise immunity, good rise time, line 
driving capacity), plus the ability to 
connect to bus-organized systems. 

In the case where two devices are on 
at the same time, the possibility exists 
that they may be in opposite low im­
pendance states simultaneously; thus, 
the short circuit current from one 
enabled device may flow through the 
other enabled device. While physical 
damage under these conditions is 
unlikely, system noise problems could 
result. Therefore, the system designer 
should consider these factors to ensure 
that this condition does not exist. 

OPEN-COLLECTOR OUTPUT 

The open-collector output is often 
utilized in high speed applications 
where power dissipation must be mini­
mized. When the device is switched, 
there is no current sourced from the 
supply rail. Consequently, the current 
spike normally associated with TTL 
totem-pole outputs is eliminated. In 
high frequency applications, this mini­
mizes noise problems (false triggering) 
as well as power drain. For example, 
the transient current (low impedance 
high-level to low impedan-ce low-level) 
is typically 30mA for the MB 7054 
(3-state) compared to typically 3.0mA 
for the MB 7059 (open-collector). 

16-INPUT 

MULTIPLEXER 

16-INPUT 

MULTIPLEXER 

2-90 

MB 7054 
MB 7059 

Fig. 5 - MB 7054 OUTPUT 

_L 

Fig. 6 - MB 7059 OUTPUT 
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TYPICAL OUTPUT /SWITCHING CHARACTERISTICS CURVES 

~ 

Fig. 7 - lo L OUTPUT LOW CURRENT 
VS VoL OUTPUT LOW VOLTAGE 

70 
.1 J 
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.3 
0 

0 
0 

..J-

~ 
v 

L 

~ 

~ MB 7054 
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VoL, OUTPUT LOW VOLTAGE (mV) 

Fig. 9 - loH OUTPUT HIGH CURRENT 
vs VoH OUTPUT HIGH VOL T4GE 

~ 
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cc a -20 1---~7""---~>t-c-~--=,.-0-:----t 
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:c 
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0.. 
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0 -50 1----+--+---t---+----t--t----t 

£ 
.9 -60 1----+---+--~---+-----t-~~ 

2 3 4 
VoH, OUTPUT HIGH VOLTAGE (V) 

fig. 11 -tAA ACCESS TIME 
vs AMBIENT TEMPERATURE 
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Fig. 8- loL OUTPUT LOW CURRENT 
vs VoL OUTPUT LOW VOLTAGE 
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Fig. 10 - loH OUTPUT HIGH CURRENT 
vs VoH OUTPUT HIGH VOLTAGE 
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Fig. 12 - tAA ACCESS TIME 
vs AMBIENT TEMPERATURE 
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Fig. 13 - tDIS DISABLE TIME 
vs AMBIENT TEMPERATURE 
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Fig. 15 - tEN ENABLE TIME 
vs AMBIENT TEMPERATURE 
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Fig. 17 - DELAY TIME INCREASE 
VS CL LOAD CAPACITANCE 
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Fig. 14 - tDIS DISABLE TIME 
VS AMBIENT TEMPERATURE 
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Fig. 16 - tEN ENABLE TIME 
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PROGRAMMING INFORMATION 

FUJITSU PROM TECHNOLOGY 

Fujitsu's sophisticated Fine Emitter 
technology and programming pulse 
method enables higher programm­
ability and faster programming time 
than ordinary PROMs, for the highest 
reliability. 

Fast programming time of typically 
10µs/bit is achieved with a fine emitter 
cell which requires less programming 
energy; thus, negligible thermal stress. 
Further, Fujitsu advanced technology 
allows very high programmability of 
typically 99%. 

To assure that the element is program­
med properly, an additional four pro­
gramming pulses are applied immedi­
ately after a sense pulse indicates 
conduction in the programmed bit. 
This high reliability feature virtually 
eliminates aluminum m1grat1on in the 
programmed cell. The basic manufac­
turing process is a highly reliable gold 
doped TTL process. 

SPECIAL FACTORY TESTING 

One extra row and one extra column 
of test cells, plus additional circuitry 
built into the PROM chip, allow im­
proved factory testing of DC, AC and 
programming characteristics. These 
test cells and test circuitry provide 
enhanced correlation between pro­
grammed and unprogrammed circuits 
in order to guarantee high program­
mability and reliability. 

PROGRAMMING 

The device is manufactured with out­
puts low (positive logic "zero") in all 
storage cells. To make an output high 
at a particular cell, a junction must be 
changed from a blocking state to a 
conducting state. This procedure is 
called programming. 

Fig. 19 - PROGRAMMED CELL (CROSS SECTION) 

---+-Aluminum 

Si02 

-1----1---Emitter 

-+----Base 

Epitaxial Layer 

Buried Layer 

Substrate 

~ Programmed by diffused aluminum eutectic process 

Fig. 20 - INTERNAL PROGRAMMING CIRCUIT 

Ao __ ~' 
I 
As--~~ 

As 

~9~~~~~~~~~~~~~ 
CE1 
CE2 
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A logic "one" can be permanently 
programmed into a selected bit loca­
tion. The desired bit for programming 
is selected using eight address inputs to 
turn on transistors 01 and 02. By 
taking either (or both) chip enable 
inputs high, the chip is disabled and 
transistor 03 is held off. Then, a train 
of programming pulses applied to the 
desired output flows through the junc­
tion into transistor 01. This program­
ming current changes the junction to 
the conducting state. The pulse train is 
stopped as soon as the sensed voltage 
indicates that the selected bit is in the 
logic one state. 

An additional 4 programming pulses 
are required to ensure that the bit is 
fully programmed, and to achieve high 
reliability. 

One output must be programmed at a 
time, since the int€rnal decording 
circuit is capable of sinking only one 
unit of programming current at a time. 

DC SPECIFICATIONS (TA= 25°C) 

Parameter 

Input Low Voltage 

Input High Voltage 

Power Supply Voltage 

Programming Pulse Current 

Sense Pulse Current 

Programming Pulse Clamp Voltage 

Sense Pulse Clamp Voltage 

Sensed Voltage for a Programmed "1" 

VERIFICATION 

After the device has been program­
med, the correct program pattern can 
be verified by taking both chip enable 
inputs low. To guarantee ful I supply 
voltage and full temperature range 
operation, a programmed device 
should source 2.4mA/MB7054 (400µA 
/MB7059) at VoH=2.1V and Vee= 
4.35V at 25°C ambient temperature. 

LIABILITY 

Fujitsu utilizes an extensive testing 
procedure to ensure device perform­
ance prior to shipment. However, 
100% programmability is not guaran­
teed, and it is imperative that this 
specification be rigorously adhered to 
in order to achieve a satisfactory pro­
gramming yield. Fujitsu will not 
accept responsibility for any device 
found defective if it was not program­
med according to this specification. 
Devices returned to Fujitsu as defec­
tive must be accompanied by a com­
plete truth table with clearly indicated 
locations of supposedly defective 
memory cells. 

Symbol Min 

V1L 0 

V1H 2.0 

Vee 5.0 

IPRG 190 

ls NS 19 
-

VPRG 27.5 

Vs NS 27.5 

VREF 6.9 

2-94 

11111111111111111111111111111111111111111111111111111111111111111 

MB 7054 FUJITSU 

MB 7059 11111111111111111111111111111111111111111111111111111111111111111 

Typ Max Unit 

- 0.8 v 

- 5.25 v 

5.0 5.25 v 

200 210 mA 

20 21 mA 

28.0 28.0 v 

28.0 28.0 v 

7.0 7.1 v 

I 
I 
I 

I 
I 

~ 
~ 

I 
i ~ 
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PROGRAMMING INFORMATION (continued) 

AC SPECIFICATIONS (TA= 25°C) 

Parameter 

Programming Pulse Duty Cycle 

Programming Pulse Width 

Programming Pulse Ramp Rate (Rise) 

Programming Pulse Ramp Rate (Fall) 

Address Input Set-up Time 

Chip Enable Input Set-up Time 

Address Input Hold Time 

Chip Enable Input Hold Time 
t--------

Programming Pulse Trailing Edge to Sense Strobe Time 

Programming Pulse Number 

Programming Time/Device 

Additional Programming Pulse Number 

*Note: Stipulated at 150[2 load and 15V. 

TYPICAL WAVEFORMS 

Vee 

Ao 
I 
Ag 

PROGRAMMING PULSE--- -

SENSE PULSE 

SENSE STROBE 

Symbol 

-
tpw * 

-

-

ts A 

tsc 

tHA 

tHC 

tps 

-

-

-
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Min Typ Max Unit 

70 - - % 

7.2 7.5 7.8 µs 

50 - 70 V/µs 

- - 150 V/µs 

500 - - ns 

500 - - ns 

500 - - ns 

500 - - ns 
-

700 - - ns 

- - 100 Time 

- - 4096 ms 

4 4 4 Time 



PROGRAMMING PROCEDURE 

1. Apply the proper power; Vee 
5.0V, GND = OV 

2. Select the desired word using ten 
address inputs. 

3. Take either (or both) chip enable 
inputs high. 

4. Apply 20mA sense current to the 
desired output after a delay of tsc. 
and confirm that the output voltage 
"Vo" is higher than, or equal to, 
the sensed voltage "V R E F ". (In the 
case of Vo < VREF. select the 
next desired address after a delay 
of tHA·) 

5. Apply a programming pulse with 
amplitude of 200mA and duration 
of tpw. 

6. Apply the 20mA sense current and 
compare Vo with VREF after a 
delay of tps. 
a) In the case of Vo~ VREF· the 

selected bit is still in the logic 
ZERO state. Repeat steps "5" 
and "6". 

b) In the case of Vo< VREF. the 
selected bit is then in the logic 
ONE state. Apply the sense cur­
rent again, and confirm Vo < 
V RE F after a delay of equal to 
(or greater than) tpw without 
intervening with programming 
pulse. In the case of Vo 6 
VR E F. repeat step "5" and "6" 
again. 

7 _ After confirmation of Vo < V R E F, 
apply four additional programming 
pulses. lnthecaseofVo~VREF. 
then, repeat steps "5" and "6", 
again. Select the next desired word 
after a delay of tH A. 

Note: 1) Sense current must be 
interrupted (= zero) during 
each address change. 

2) Programming must be done 
bit by bit. 

'3) Ambient temperature during 
programming must be room 
temperature (25° ± 2°C). 
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Fig. 21 - PROGRAMMING FLOW CHART 
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PACKAGE DIMENSIONS 

18-LEAD CERAMIC DUAL-IN-LINE PACKAGE 
(CASE DIP18-C) >--

' '" lOMI "f ~ ~ ~ ~ ~ ~ ~ ~ Li: :irn n' ~LIBL*i:g :rn: 
I · .882 (22.40) I I .008 (o.201 

.090 (2.29) 

.110 (2.79) 

.911 (23.14) .014 (0.36) 

t 
_L .200 l08) MAX 

I 
.020 (0.51) .120 (3.05) 
.050 (1.27) .140 (3.56) 

-I ~.015 (0.38) 
.023 (0.58) 

----~~~~~'-<--~~-"<-

. 042 (1.06) .032 (0.81) TYP 

.062 (1.58) D1mens1ons in 

inches {m1ll1meters) 

Circuit diagrams utilizing Fujitsu products are included as a 
means of illustrating typical semiconductor applications; con­
sequently, complete information sufficient for construction 
purposes is not necessarily given. The information herein has been 
carefully checked and is believed to be entirely reliable. However, 
no responsibility is assumed for inaccuracies. Furthermore, such 
information does not convey to the purchaser of the semiconduc­
tor devices described herein any license under the patent rights of 
Fujitsu Limited or others. Fujitsu Limited reserves the right to 
change device specifications. 
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PROGRAMMABLE 
8192-BIT READ 
ONLY MEMORY 

8192-BIT READ ONLY MEMORY 

The Fujitsu MB7055 is an electrically • High programmability of 96% 
field programmable, high-speed/low- typical 
power bipolar TTL 8192-bit read only • Programming by diffused aluminum 
memory housed in a 24-pin dual-in-line eutectic process 
package. It is a direct plug-in replace-
ment for MOS BK bit EPROMs. With • Ultra-fast programming time of 

two chip enable inputs and 3-state 10 µs/bit (typical) 

outputs, memory expansion is simple. • AC characteristics guaranteed over 
full operating voltage and tempera-

The memory is fabricated With all ture range via unique testing 
logic "zeros" (positive logic). Logic techniques 
level "ones" can be electrically pro- • Fast access time of 150 ns typical 
grammed in the selected bit locations 
at the rate of 10 µs/bit (typical). • Small power dissipation of 0.04 

mW/bit typical 

Additional circuitry is built into the • DTL/TTL compatible inputs and 
Fujitsu PROM chip to allow factory output 
testing after packaging for AC, DC and 
programming parameters. The extra • Standard 24-pin DIP package 

test cells and unique testing methods • Pin-to-pin compatible with MB8518 

provide enhanced correlation between and Intel 2708 
programmed and unprogrammed 
circuits in order to perform tests of 
key parameters prior to shipment. PROGRAMMING 
This results in extremely high pro-
grammability. The MB7055 can be programmed 

• +5V single power supply 
using same specification as used for 
the MB7052/IM5623, MB7057/ 

• 1024 x 8 bits organization, fully IM5603, MB7053/IM5624, MB7058/ 
decoded IM5604, MB7054 and MB7059. 
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MB 7055 
MB 7060 

PIN ASSIGNMENT 

A1 

As 

As 

A4 

Aa 

A2 

A1 

Ao 

o, 
02 
03 

GND 

TOP VIEW 

Vee 

As 

Ag 

N.e. 

eE1 

N.e. 

eE2 

Os 

07 

05 

05 

04 
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BLOCK DIAGRAM 

I 
I 
I 

INPUT I BUFFERS& 8192164 x12BI 
1 OF64 I BIT MEMORY CELLS 

DECODER I 
I 
I 

---------

INPUT 
BUFFERS 8 x 16 INPUT MUL TIPLEXERIS 

E~~::..E &OUTPUTS 

ELECTRICAL CHARACTERISTICS 
COMMERCIAL GRADE 
TA= 0°C to +75°C, Vee= 5V ± 5% 

I 1L = -0.18 mA max.: Vi= 0.4V 
l1H = 60µA max.: V1=4.5V 

V1H = 2V min.: V1L = o.av max. 
Vic= -1.5V max.: 11 = -10 mA 
•cc= 70 mA typ.: 100 mA max. 

Vol= 0.45V max.: lo= 3.6 mA 
VoH = 2.4V min.: 10 = -1.0 niA 
lo1H = 40µA max.: Vo= 5.5V 
lo1L = -40 µA max.: v0 = 0.4V 

'oLK = 100 µA max.: v0 = 5.5V 

2-99 

los = -3 mA min.: -15 mA max. 
C1N = 10 pF max.: CouT = 12 pF 

max. 
tAA = 150 ns typ.: 250 ns max. 
tA°c = 60 ns typ.: 150 ns max. 
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QUADRUPLE TTL 
TO MOS LEVEL 
SHIFTER/DRIVER 

QUADRUPLE TTL TO MOS LEVEL SHIFTER/DRIVER 

The MB 8901 is a level shifter from 
TTL/DTL level input to MOS level 
output, and also a high-speed clock 
driver. Using Schottky barrier diodes 
and PNP transistors in the circuit, the 
power dissipation is remarkably 
reduced without degradation of 
switching speed. 

• High speed: 23 ns (tPLH @ 300 pF) 

• Wide operating range of V cc2: 
variable output voltage (+9V to 
+17V) 

• Low power dissipation 
50 mW for output low state 
70 mW for output high state 
(stand by power per circuit) 

• TTL or DTL compatible inputs 

• Standard 16-leads dual-in-line 
ceramic package 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value 

Supply Voltage* Vcc1 + 7 

Supply Voltage* Vcc2 +23 

Input Voltage* V1N -0.5 to 5.5 

Operating Free-Air Temperature Top -25 to +100 

Storage Temperature Tstg -65 to +150 

*These voltage values are with respect to GND lead. 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. 
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Unit 

v 

v 

v 
oc 

oc 

MB 8901 

PIN ASSIGNMENT 

(TOP VIEW) 
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RECOMMENDED OPERATING CONDITION 

Rating Symbol 

Supply Voltage Vcc1 

Supply Voltage Vcc2 

Operating Free·Air Temperature Top 

DC CHARACTERISTICS 
(TA= 0°C ~ 70°C unless otherwise noted) 

Parameter Symbol Conditions 

Input High Voltage V1H 

Input Low Voltage V1L 

Min. 

2.0 

Output High Voltage VoH 
VIL= 0.8V Vcc2 

louT = -0.1 mA 

V1H = 2.0V 

Output Low Voltage Vol 
vcc1 = 4.75V 
Vcc2 = 16.8V 
louT=0.1 mA 

V1L=0.4V 
Input Low Current (Input A) l1L(A) Vcc1 = 5.25V 

Vcc2 = 16.8V 

Input Low Current (Input B) l1L(B) same as above 

Input High Current (Input A) l1H(A) V1H = 2.4V 

Input High Current (Input B) l1H(B) V1H = 2.4V 

Operating Supply Voltage of V CC2 Vcc2 

Vcc1 = 5.25V 

1cc1 L 
Vcc2 = 16.BV 

l1H = 5.25V 
Supply Current (Output Low) (* 1) TA=25°C 

1cc2L same as above 

Vcc1 = 5.25V 

lcc1H 
Vcc2 = 16.8V 

VIL= OV 
Supply Current (Output High) (*2) TA=25°C 

lcc2H same as above 

(* 1) The typical values are applicable for V CC 1 = 5.0V, V CC2 = 16.0V, TA = 25° C. 
(*2) These values are total current for a package. 

3-4 

-0.5 

9.0 

Value Unit 

5.0 ± 5% v 

9.0 to 17 v 

0 to +70 oC 

Typ. Max. Unit 

v 

0.8 v 

Vcc2 
v 

-0.3 

0.35 0.6 v 

-1.0 -1.6 mA 

-2.0 -3.2 mA 

40 µA 

80 µA 

17 v 

40 60 mA 

0.2 0.5 mA 

26 40 mA 

10 16 mA 
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AC CHARACTERISTICS 

(TA= 25°C) 

Parameter Symbol Conditions Min. Typ. Max. Unit 

vcc 1 =5.ov 
Input to Output Delay tPLH Vcc2 = 16.ov 10 18 23 ns 

~L = 300 pF 

Input to Output Delay tPHL same as above 7 14 20 ns 

vcc1 = 5.ov 
Output Rise Time tTLH Veer 16.ov 12 21 30 ns 

CL= 300 pF 

Output Fall Time tTHL same as above 12 22 30 ns 

tPHL + tTHL tDHL same as above 20 36 45 ns 

tPLH + tTLH tDLH same as above 25 40 50 ns 

WAVEFORMS 

3.0V tr= 7 ns 

POWER CONSIDERATION 

The total power dissipation of the MB 8901 1s given as 

(1) 

3.5 
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where, 

n =The number of circuits operating at frequency f, 
lsT = DC power dissipation per circuit, 

CL V cc2f =The power required for charging and discharging load capacitance, 
f = The frequency of switching, 

CL = The total load capacitance. 

Pcc1 and Pcc2 are expressed as below, 

where, 

Pcc1=8PsTH1 + (1 - 8)Psn 1 + K1 (f) 

Pcc2 = 8PsTH2 + (1 - 8)Psn2 + K2(f) 

Pcc1 =The power supplied from V CC1 when the circuit is operating with no load capacitance, 
Pcc2 =The power supplied from V CC2 when the circuit is operating with no load capacitance, 

PsTH1 =The DC component of Pcc1 when output is High, 
PsTL 1 =The DC component of Pcc1 when output is Low, 
PsTH2 =The DC component of Pcc2 when output is High, 
PsTL2 =The DC component of Pcc2 when output is Low, 

8 = Duty ratio, 
K1 (f) =The AC component of PcC1• 
K2(f) =The AC component of Pcc2· 

Assuming that 

where, 

PsTH = PsTH1 + PsTH2 

Psn = PsTL 1 + Psn2 

PsTH =The DC power dissipation when output is High, 
PsTL =The DC power dissipation when output is Low. 

Then, substitution of Eqs. (2), (3), (4), (5) into Eq. (1) yields, 

On the other hand, each component of DC power per circuit can be obtained as follows. 

Psn 1 = (lcc1 L/4l Vcc1 

PsTL2 = (lcc2L/4) Vcc2 

PsTH1 = (lcc1H/4l Vcc1 

PsTH2 = Occ2H/4) Vcc2 

The typical and maximum values of lcc1 L· lcc2L· lcc1 Hand lcc2H are shown in the specification table. 

For example, we calculate each value of Eqs. (1) to (10) in the case of duty ratio 8= 50%. 
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(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 
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Items Typ. Max. Items Typ. Max. 

Vcc1 5.0V 5.25V Vcc2 16.0V 16.8V 

lcc1L/PKG 40mA 60mA lcc2L/PKG 0.2mA 0.5mA 

lcc1H/PKG 26mA 40mA lcc2H/PKG 10mA 16mA 

PsTL 1/CCT 50mW 78.8 mW PsTL2/CCT 0.8mW 2.1 mW 

PsTH1/CCT 32.5 mW 52.5 mW PsTH2/CCT 40mW 67.2 mW 

PsTL/CCT 50.8 mW 80.9mW PsTH/CCT 72.5 mW 119.7mW 

Pcc1/CCT 41.2+K1(f)mW 65.6 + K1(f) mW Pcc2/CCT 20.4 + K2(f) mW 34.6 + K2(f) mW 

Total Power Dissipation 

Typ. 2 PT= n[41.2 + Ki(f) + 20.4 + K2(f)] +CL Vcc2f + (4- n)PsT 

Max. PT= n [65.6 +Ki (f) + 34.6 + K2(f)] +CL V~c2f + (4 - n)PsT 

We should estimate PT in the case of PsT = PsTL and in the case of PsT = PsTH· 

The Eq. of PT can be reduced as shown in the table below, assuming Ki (f) = 0 because Pcc1 hardly depends on the 
frequency. 

Items PsT Total Power Dissipation 

Typ. PT= n [61.6 + K2(f)] + CL(i6)2f + 50.8(4 - n) 

PsTL 
PT= n[100.2 + K2(f)] + CL(i6.8)2f + 80.9(4- n) Max. 

Typ. PT= n[6i.6 + K2(f)] + CL(16)2f + 72.5(4- n) 
1srn 

PT= n[100.2 + K2(f)] + CL(16.8)2f + 119.7(4 - n) Max. 

The values of the K2(f) can be calculated by substracting PsT2[= 1/2(PsTH2 + PsTL2)l from Pcc2 in Fig. 1. 

The total power dissipation should be restricted by the upper limit of the junction temperature and the thermal 
resistance of the package. The maximum load capacitance of one package or of one circuit is determined from the 
current capability of lead wire. Thus, the load capacitance must be limited by two factors that are power dissipation 
and current density of lead wire. For the MB 8901 these limits are shown as below. 

Total Power Dissipation/PKG .................................................. Max. 600 mW 

Total Load Capacitance/PKG .................................................. Max. 1000 pF 

Load Capacitance/CCT ....................................................... Max. 600 pF 

The maximum total load capacitance of MB 8901 (which contains four circuits in a package) can be derived by 
substituting these limits to the Eqs. of PT (corresponding to each frequency of switching). The result of the calculation 
in the case of n = 4 is shown in Fig. 2. 

Besides, we can obtain the maximum total load capacitance of any duty ratio by applying [l:IPsTH + (1 - l:l)PsTLl 
for PsT· 

3.7 
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Fig. 1-Pcci AND Pcc2 VS. 
FREQUENCY OF SWITCHING 

z' 
9 §: DUTY RATIO 50% 
f- E 
~ ;: 1000 .t---t--+-1H-t-+ttt--+-+-++ttttt----t 

"' tJ 
~ ~ 500 t---t--+-1H-t-+ttt--+-+-++HW 

ffi 8 300 1---+--+-IH-t-+++l--+-+-++c 
s: "". 
~ ~ 
c J: 
~-;:. 100 ~~~~~-~11~12~ _, 8 r: 
~ "' 50 ~~C::.;.;;Mii!~~R~HffF==l 

100K 500K 1M 5M 10M 

FREQUENCY OF SWITCHING (Hz) 

1000 
w 
~ 900 
:..: 
tJ 800 

~ ii: 700 

..!?: 600 
w 
~ 500 
<( 
f- 400 

~ 
a.. 
<( 

300 

tJ 200 
c 
<( 
0 _, 100 

Fig. 2-THE MAXIMUM LOAD 
CAPACITANCE VS. FREQUENCY 

THE MAXIMUM LOAD CAPACITANCE PER ONE PACKAGE 

E WJ+t.woRST CAS l vcc1 = 5.25V; Vcc2 = 16.SV 
ICC1L = 60 mA; lcc2 L = 0.5 mA 

H = 16 mA l lcc1H = 40 mA; lcc2 

THE MAXIMUM 1o1~ANC~' 
\ 1-!-J+H·FTYPICAL 

Vcc1 = 5.0V; Ve 

PER ONE CIRCUIT 

CASE 

l C2 = 16.0V 
C2L =0.2mA 
C2H = 10 mA 

ICC1L = 40 mA; le 
l\'CC1H = 26 mA; le 

1 ' ; 
0 
0.1M 0.5M 1M 

N 
5M 10M 

FREQUENCY OF SWITCHING (Hz) 
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(QUADRUPLE TTL 
TO MOS LEVEL 
SHIFTER/DRIVER) 
((AND.function)) 

QUADRUPLE TTL TO MOS LEVEL SHIFTER/DRIVER 
(AND FUNCTION) 

The MB8902 is a level shifter from 
TTL/DTL level input to MOS level 
output, and also a high speed clock 
driver. Using Schottky barrier diodes 
and PNP transistors in the circuit, the 
power dissipation is remarkably 
reduced without degradation of 
switching speed. 

• High speed: 23 ns max. ltPLH 
@300 pF) 

ABSOLUTE MAXIMUM RATINGS 

Rating 

Supply Voltage (*1) 

Supply Voltage (*1) 

Input Voltage (*1) 

Operating Free-Air Temperature Range 

Storage Temperature Range 

• Wide operating range of Vcc2: 
Variable output voltage {9V 
to 17V) 

• Low power dissipation: 

40 mW for output low state 
40 mW for output high state 
(Stand by power/circuit, @ 
Vcc2 = 12vi 

• TTL or DTL compatible inputs 

• Standard ceramic 16-leads dual-in­
line package 

Symbol Value Unit 

Vcc1 7 v 

Vcc2 23 v 

V1 -0.5 to +5.5 v 

Tap -25 to +100 oc 

Tstg -65 to +150 oc 

(*1) These voltage values are with respect to GND lead. 
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MB8902 

PIN ASSIGNMENT 

TOP VIEW 
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RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol 

Supply Voltage Vcc1 

Supply Voltage Vcc2 

Operating Free-Air Temperature Range Top 

DC CHARACTERISTICS 
(TA= 0°C ~ 70°C) 

Parameter Symbol Conditions Min. 

Input High Voltage V1H 2.0 

Input Low Voltage VIL 

Output High Voltage VoH 
V1H = 2.0V Vcc2 

loUT = -0.1 mA 

VIL= 0.8V 

Output Low Voltage VoL 
Vcc1 =4.75V 
Vcc2 = 12.6v 
louT=0.1 mA 

VIL= 0.4V 
Input Low Current (Input A) l1L (A) Vcc1 = 5.25V 

Vcq= 12.6V 

Input Low Current (Input B) l1L (B) Same as above 

Input High Current (Input A) l1H (A) V1H = 2.4V 

Input High Current (Input B) l1H (B) V1H = 2.4V 

Operating Supply Voltage of Vcc2 Vcc2 

Vcc1 =5.25V 

lcc1L 
Vcc2 = 12.6v 

VIL= OV Supply Current (Output Low)(* 1) 
TA= 25°C 

lcc2L Same as above 

Vcc1 =5.25V 

lcc1H 
Vcc2 = 12.6v 
V1H = 5.25V 

Supply Current (Output High)(*1) 
TA= 25°C 

lcc2H Same as above 

(*1) The typical values are applicable for Vcc1 = 5.0V, Vcc2 = 12.0V, TA= 25°C. 
(*2) These values are total current for a package. 

3-10 

-0.5 

9.0 

Value Unit 

5.0 ± 5% v 

9.0to17 v 

Oto +70 cc 

Typ. Max. Unit 

v 

0.8 v 

Vcc2 v -0.3 

0.35 0.6 v 

-1.0 -1.6 mA 

-2.0 -3.2 mA 

40 µA 

80 µA 

17 v 

30 50 mA 

0.2 0.5 mA 

16 30 mA 

10 16 mA 



AC CHARACTERISTICS 

(TA= 25°C) 

Parameter Symbol Conditions Min. 

Vcc1 = 5.ov 
Input to Output Delay tPLH vcc2 = 12.ov 7 

CL= 300 pF 

Input to Output Delay tPHL Same as above 7 

vcc 1 = 5.ov 
Output Rise Time tTLH Vcc2 = 12.ov 7 

CL= 300 pF 

Output Fall Time tTHL Same as above 7 

tPLH +tTLH tDLH Same as above 20 

tPHL +tTHL tDHL Same as above 15 

WAVEFORMS 

tr= 7 ns --~--
___ ___,_ tf = 7 ns 

3.0V 

90% 

ov 10% 10% 

-------100ns-----...i 
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Typ. Max. Unit 

16 23 ns 

15 20 ns 

15 25 ns 

16 25 ns 

31 45 ns 

31 40 ns 

-------11-------------+---------- Vcc2 

---------+--+----------+----+----GND 

3-11 
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POWER CONSIDERATION 

The total power dissipation of the MB 8902 is given as 

where, 

n: The number of circuits operating at frequency f. 
PsT; DC power dissipation per circuit. 

CL V~c2f: The power required for charging and discharging load capacitance. 
f: The frequency of switching. 

CL: The total load capacitance. 

Pcc1 and Pcc2 are expressed as below, 

where, 

Pcc1=0PsTH1 + (1 - OlPsTL 1 + K1 (f) 

Pcc2 = 0PsTH2 + (1 - OlPsTL2 + K2(f) 

Pcc1: The power supplied from Vcc1 when the circuit is operating with no load capacitance. 
Pcc2: The power supplied from V CC2 when the circuit is operating with no load capacitance. 

PsTH1: The DC component of Pcc1 when output is High. 
PsTL 1: The DC component of Pcc1 when output is Low. 
PsTH2: The DC component of Pcc2 when output is High. 
PsTL2: The DC component of Pcc2 when output is Low. 

0: Duty ratio. 
K 1(f): The AC component of Pcc1· 
K2(f): The AC component of Pcc2· 

Assuming that 

where, 

PsTH = PsTH1 + PsTH2 

PsTL = PsTL 1 + PsTL2 

PsTH: The DC power dissipation when output is High. 
PsTL: The DC power dissipation when output is Low. 

Then, substitution of Eqs. (2). (3). (4), (5) into Eq. (1) yields, 

PT= n[OPSTH + (1 -O)PSTL +Kl (f) + K2(f)] +CL V~c2f + (4 - nlPsT 

On the other hand, each component of DC power per circuit can be obtained as follows, 

PsTL1 = (lcc1L/4)Vcc1 

PsTL2 = (lcc2L/4)Vcc2 

Psrn1 = Occ1H/4)Vcc1 

PsTH2 = Occ2H/4)Vcc2 
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The typical and maximum value of lcc1 L· lcc2L· lcc1 Hand lcc2H are shown in the specification table. 

For example, we calculate each value of Eqs. (1) to (10) in the case of duty ratio IJ = 50%. 

Items Typ. Max. 

Vcc1 5.0V 5.25V 

lcc1 L/PKG 30 mA 50 mA 

lcc1H/PKG 16 mA 30 mA 

PsTL1/CCT 37.5 mW 65.6 mW 

PsTH1/CCT 20 mW 39.4 mW 

PsTL/CCT 38.1 mW 67.2 mW 

Pcc1/CCT 28.8 + K1 (f) mW 52.5 +K1 (f) mW 

Vcc2 12.0 v 12.6 v 

lcc2L/PKG 0.2mA 0.5mA 

lcc2H/PKG 10 mA 16 mA 

PsTL2/CCT 0.6mW 1.6mW 

PsTH2/CCT 30 mW 50.4 mW 

PsTH/CCT 50 mW 89.8 mW 

Pcc2/CCT 15.3 + K2(f) mW 26.0 + K2(f) mW 

Total Power Dissipation 

Typ. PT= n [28.8 + K1 (f) + 15.3 + K2(f)] +CL V~c2f + (4 - n)PsT 

Max. PT= n [52.5 + K1 (f) + 26.0 + K2(f)] +CL V~c2f + (4 - n)PsT 

We should estimate PT in the case of PsT = PsTL and in the case of PsT = PsTH· 

The Eq. of PT can be reduced as shown in the table below, assuming K1 (f) = 0 because Pcc1 hardly depends on the 
frequency. 

3-13 
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Items PsT 

Typ. 
PsTL 

Max. 

Typ. 
lsTH 

Max. 

Total Power Dissipation 

PT= n[44.1 + K2(f)] + CL(12)2f +38.1(4- n) 

PT= n[78.5+ K2(f)] +CL(12.6)2f+ 67.2(4- n) 

PT=n[44.1 +K2(f)] +CL(12)2f+50(4-n) 

PT= n [78.5 + K2(f)] + CL(12.6)2f + 89.8(4 -n) 

The values of the K2(f) can be calculated by subtracting PsT2[= 1/2(PSTH2 + PsTL2ll from Pcc2 in Fig. 1. 

The total power dissipation should be restricted by the upper limit of the junction temperature and the thermal resistance of 
the package. The maximum load capacitance of one package or of one circuit is determined from the current capability of 
lead wire. Thus, the load capacitance must be limited by two factors that are power dissipation and current density of lead 
wire. For the MB 8902 these limits are shown in the table below. 

Total Power Dissipation/PKG Max. 600 mW 

Total Load Capacitance/PKG Max. 1000 pF 

Load Capacitance/CCT Max. 600 pF 

The maximum total load capacitance of MB 8902 (which contains four circuits in a package) can be derived by substituting 
these limits to the Eqs. of PT (corresponding to each frequency of switching). The result of the calculation in the case of 
n = 4 is shown in Fig. 2. 

Besides, we can obtain the maximum total load capacitance of any duty ratio by applying WPsTH + (1 - IJ)PSTL) for PST· 

FIG. 1 - Pcc1 AND Pcc2 
VS. FREQUENCY SWITCHING 

100K SOOK 1M 5M 10M 

FREQUENCY OF SWITCHING (Hz) 

FIG. 2 - THE MAXIMUM LOAD 
CAPACITANCE VS. FREQUENCY 

1000 THE MAXIMUM LOAD CAPACITANCE PER ONE PACKAGE 

500 !----+--+--+--+- TYPICAL CASE 
Vcc1 = s.ov, Vcc2 = 12.ov 

400 t----+--+---+--- 1cc1 L = 30 mA, lcc2L = 0.2 mA 

300 1----+--t--~t-t--\:- lcc1H = 16 mA, lcc2H = 10 mA 

0.5M 1M SM 10M 20M 
FREQUENCY OF SWITCHING (Hzl 
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(QUADRUPLE TTL 
TO MOS LEVEL 
SHIFTER/DRIVER) 
((NANO.function)) 

QUADRUPLE TTL TO MOS LEVEL SHIFTER/DRIVER 
(NANO FUNCTION) 

The MB8907 1s a level shifter from 
TTL/DTL level input to MOS level 
output, and also a high speed clock 
driver. Using Schottky barrier diodes 
and PNP transistors in the circuit, the 
power dissipation is remarkably 
reduced without degradation of 
switching speed. 

• Wide operating range of Vcc2: 
Variable output voltage (9V 
to 17V) 

• Low power dissipation: 

40 mW for output low state 
40 mW for output h 1gh state 
(Stand by power/c1rcu1t,@ 
Vcc2 = 12v) 

• TTL or DTL compatible inputs • High speed: 23 ns max. (tpLH 
@300 pF) 

• Standard ceramic 16-leads dual-in-
1 ine package 

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol Value Unit 

Supply Voltage ( * 1) Vcc1 7 v 

Supply Voltage ( * 1) Vcc2 23 v 

Input Voltage (*1) V1 -0.5 to +5.5 v 

Operating Free-Air Temperature Range Top -25 to +100 oc 

Storage Temperature Range Tstg -65 to +150 oc 

(*1) These voltage values are with respect to GND lead. 

3-15 
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RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol 

Supply Voltage Vcc1 

Supply Voltage Vcc2 

Operating Free-Air Temperature Range Tap 

DC CHARACTERISTICS 

Parameter Symbol Conditions 

Input High Voltage V1H 

Input Low Voltage VIL 

Min. 

2.0 

Output High Voltage VoH 
V1H=2.0V Vcc2 

louT = -0.1 mA 

VIL= 0.8V 

Output Low Voltage Vol 
Vcc1 = 4.75V 
Vcc2 = 12.sv 
loLJT = 0.1 mA 

VIL =0.4V 
Input Low Current (Input A) Ill (A) vcc1 = 5.25V 

Vcc2 = 12.sv 

Input Low Current (Input B) Ill (B) Same as above 

Input High Current (Input A) l1H (A) V1H = 2.4V 

Input High Current (Input B) l1H (B) V1H = 2.4V 

Operating Supply Voltage of Vcc2 Vcc2 

Vcc1 = 5.25V 

lcc1 L 
Vcc2 = 12.sv 

Supply Current (Output Low)(* 1) 
VIL= OV 

TA= 25°C 

lcc2L Same as above 

Vcc1 = 5.25V 

lcc1H 
Vcc2 = 12.6v 

Supply Current (Output H1gh)(*2) 
V1H = 5.25V 
TA= 25°C 

lcc2H Same as above 

( * 1) The typical values are appl 1cable for V cc 1 = 5.0V, V CC2 = 12.0V, TA = 25° C. 
(*2) These values are total current for a package. 

3-16 

-0.7 

9.0 

Value Unit 

5.0 ± 5% v 

9.0 to 17 v 

0 to +70 oC 

Typ. Max. Unit 

v 

0.8 v 

Vcc2 v 
-0.35 

0.3 0.45 v 

-1.0 -2.0 mA 

-2.0 -4.0 mA 

40 µA 

80 µA 

17 v 

40 60 mA 

0.2 2 mA 

25 40 mA 

10 20 mA 



AC CHARACTERISTICS 

Parameter Symbol Conditions 

vcc1 = 5.ov 
Input to Output Delay tPLH Vcc2 = 12.ov 

CL= 300 pF 

Input to Output Delay tPHL Same as above 

Vcc1 = 5.ov 
Output Rise Time tTLH Vcc2 = 12.ov 

CL= 300 pF 

Output Fall Time tTHL Same as above 

tPLH + tTLH toLH Same as above 

tPHL + tTH L tDHL Same as above 

WAVEFORMS 

3-17 

Min. 

7 

7 

7 

7 

20 

15 
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Typ. Max. Unit 

16 23 ns 

15 20 ns 

15 25 ns 

16 25 ns 

31 45 ns 

31 40 ns 
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POWER CONSIDERATION 

The total power dissipation of the MB 8907 is given as 

where, 

n: The number of circuits operating at frequency f. 
PsT; DC power dissipation per circuit. 

CL V~c2f: The power required for charging and discharging load capacitance. 
f: The frequency of switching. 

CL: The total load capacitance. 

Pcc1 and Pcc2 are expressed as below, 

where, 

Pcc1 = 8PsTH 1 + (1 - 8lPsTL 1 + K, (f) 

Pcc2 = 8PsTH2 + (1 - 8)PsTL2 + K2(f) 

Pcc1: The power supplied from Vcc1 when the circuit is operating with no load capacitance. 
Pcc2: The power supplied from V CC2 when the circuit is operating with no load capacitance. 

PsTHl: The DC component of Pcc1 when output is High. 
PsTL 1: The DC component of Pcc1 when output is Low. 
PsTH2: The DC component of Pcc2 when output is High. 
PsTL2: The DC component of Pcc2 when output is Low. 

8: Duty ratio. 
K1 (f): The AC component of Pcc1. 
K2(f): The AC component of Pcc2· 

Assuming that 

where, 

PsTH = PsTHl + PsTH2 

PsTL = PsTL 1 + PsTL2 

PsTH: The DC power dissipation when output is High. 
PsTL: The DC power dissipation when output is Low. 

Then, substitution of Eqs. (2), (3), (4), (5) into Eq. (1) yields, 

PT= n[8PsTH + (1 -8)PsTL +Kl (f) + K2(f)] +CL V~c2f + (4 - n)PsT 

On the other hand, each component of DC power per circuit can be obtained as follows, 

PsTL1 = Occ1L/4lVcc1 

PsTL2 = Occ2L/4lVcc2 

PsTHl = Occ1H/4lVcc1 

PsTH2 = Occ2H/4)Vcc2 
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The typical and maximum value of lcc1 L· lcc2L• lcc1 Hand lcc2H are shown in the specification table. 

For example, we calculate each value of Eqs. (1) to (10) in the case of duty ratio 0 = 50%. 

Items Typ. Max. 

Vcc1 5.0 v 5.25V 

lcc1L/PKG 40 mA 60 mA 

lcc1H/PKG 25 mA 40 mA 

PsrL1/CCT 40 mW 78.8 mW 

PsrH1/CCT 31.3mW 52.5 mW 

PsTL/CCT 40.6mW 85.1 mW 

Pcc1/CCT 35.6 + K1 (f) mW 65.7 + K1(f) mW 

Vcc2 12.0 v 12.6 v 

1cc2L/PKG 0.2mA 2.0mA 

lcc2H/PKG 10 mA 20 mA 

PsTL2/CCT 0.6mW 6.3mW 

PsrH2/CCT 30 mW 63 mW 

PsTH/CCT 61.3mW 115.5mW 

Pcc2/CCT 15.3 + K2(f) mW 34.7 + K2(f) mW 

Total Power Dissipation 

Typ. Pr= n (35.6 + K1 (f) + 15.3 + K2(f)] +CL Vtc2f + (4 - n)Psr 

Max. Pr= n[65.7 + K1(f) + 34.7 + K2(f)] +CL Vtc2f+ (4 - n)Psr 

We should estimate Pr in the case of Psr = PsrL and in the case of Psr = PsTH· 

The Eq. of Pr can be reduced as shown in the table below, assuming K1 (f) = 0 because Pcc1 hardly depends on the 
frequency. 

3-19 
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Items PsT Total Power Dissipation 

Typ. 
PsTL 

PT= n[50.9 + K2(f)] + CL(12)2f + 40.6(4- n) 

Max. PT= n[100.4 + K2(f)] + CL(12.6)2f + 85.1 (4 - n) 

Typ. 
PsTH 

PT= n [50.9 + K2(f)] + CL(12)2f + 61.3(4 - n) 

Max. PT= n[100.4 + K2(f)] + CL(12.6)2f + 115.5(4 - n) 

The values of the K2(f) can be calculated by subtracting PsT2[= 1/2(PsTH2 + PsTL2ll from Pcc2 in Fig. 1. 

The total power dissipation should be restricted by the upper limit of the junction temperature and the thermal resistance of 
the package. The maximum load capacitance of one package or of one circuit is determined from the current capability of 
lead wire. Thus, the load capacitance must be limited by two factors that are power dissipation and current density of lead 
wire. For the MB 8907 these limits are shown in the table below. 

Total Power Dissipation/PKG Max. 600mW 

Total Load Capal\!tance/PKG Max. 1000 pF 

Load Capacitance/CCT Max. 600 pF 

The maximum total load capacitance of MB 8907 (which contains four circuits in a package) can be derived by substituting 
these limits to the Eqs. of PT (corresponding to each frequency of switching). The result of the calculation in the case of 
n = 4 is shown in Fig. 2. 

Besides, we can obtain the maximum total load capacitance of any duty ratio by appling [8PsTH + (1 - 8lPsTLl for PST· 
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FIG. 1 - Pcc1 AND Pcc2 
VS. FREQUENCY OF SWITCHING 
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FIG. 2- LOAD CAPACITANCE 
VS. FREQUENCY 

THE MAXIMUM LOAD CAPACITANCE PER ONE PACKAGE 

1 
1 

THE MAXIMUM LO~~ CAPACITANCE PE RONE CIRCUIT 

1 
TYPICAL CASE (n = 4) 
DUTY RATIO= 500,(,-
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~ 
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~ 
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DUALCML 
TO MOS LEVEL 
SHIFTER 

DUAL CML TO MOS LEVEL SHIFTER 

MB8909 

The MB8909 is a level shifter from PIN ASSIGNMENT 
CML level input to MOS level output, 
and also a high speed clock driver, Vcc1 GND1 01 Vcc2 Vcc2 Oz GNDz 

using Schottky barrier diodes and 
PNP transistors in the circuit. 

• High speed: 

12 ns typ. (tPLH@ 300 pF) 
16 ns typ. (tnH@ 300 pF) 

• Wide operating range of Vcc2 

Variable output voltage 
(7V to 16V) 

'11 112 N.C. N.C. N.C. GNDR 121 

TOPVleW 

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol Value Unit 

Supply Voltage (*1) Vcc1 -0.3 to+ 7 v 

Supply Voltage (*1) Vcc2 -0.3 to +20 v 

Supply Voltage (*1) VEE -7 to+0.3 v 

Supply Voltage (*1) V1 VEE to +0.3 v 

Output Load Capacitance CL 
1200 pF/PKG 
600 pF/CCT 

Operating Free-Air Temperature Range Top -25 to +100 oc 

Storage Temperature Range Tstg -55 to +150 oc 

(*1) These voltage values are with respect to GND lead. 

3-21 

Vee 

122 



11111m11111111111111111111111111111111111111111111 

FUJITSU 
lllllllllllllllllllll~llllllllllllll~llllllllml MB 8 9 0 9 

RECOMMENDED OPERATING CONDITION 

Parameter Symbol 

Supply Voltage (*1) Vcc1 

Supply Voltage (*1) Vcc2 

Supply Voltage (*1) VEE 

Output Load Capacitance CL 

Operating Temperature Top 

(*1) These voltage values are with respect to GND lead. 

DC CHARACTERISTICS 

(TA= 0°C to +70°C) 

Parameter Symbol Conditions 

Input High Voltage V1H 

Input Low Voltage VIL 

Input Low Current l1L V1L = -1.75V 

Input High Current l1H V1H = -0.85V 

Output Low Voltage VoL 
VIN= V1H 

loL = 0.1 mA 

Output High Voltage VoH 
V1N =VIL 

loH = -0.1 mA 

Output Clamp Voltage Voe 
VIN= VIL 

loH=20mA 

Output Current loL 
VIN =V1H 
VoL=1.5V 

lcc1L V1H =-0.85V 

Supply Current ("ON")/PKG lcc2L Same as above 

IEEL Same as above 

lcc1H V1L = -1.75V 

Supply Current ("OFF")/PKG IGC2H Same as above 

IEEH Same as above 

Value Unit 

5.0 ± 5% v 

7.0 to 16.0 v 

-5.2 ± 4% v 

O- 300 pF/CCT 

Oto+70 oc 

Min. Typ. Max. Unit 

v 

v 

150 500 µA 

0.35 1.0 mA 

0.35 0.6 v 

Vcc2 Vcc2 v 
-0.5 -0.3 

Vcc2 v 
+1.0 

20 mA 

15.9 23 mA 

150 µA 

-32 -22 mA 

12.4 18.5 mA 

7.0 10 mA 

-29.5 -21.9 mA 

Note: The typical values are applicable for Vcc1=5.0V, Vcc2 = 12.0V, VEE= -5.2V, V1H = -0.85V, V1L = -1.75V, 
TA=25°C. 
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TESTING VOLTAGE VALUES 

TA 0°C 25°C 

V1Hmin. -1.17 -1.14 

V1Lmax. -1.46 -1.44 

AC CHARACTERISTICS 

TA= 25°C, Vcc1 = 5.0V, Vcc2 = 12.0V, VEE= -5.2V 

Parameter Symbol Conditions 

lcc1 Tc= 250 ns 
CL= 0 pF 

Supply Current lcc2 Duty Cycle = 50% 
V1H = -0.85V 

IEE V1L = -1.75V 

SWITCHING CHARACTERISTICS 

TA= 0°C to +70°C, Vcc1 = 5.0V ± 5%, Vcc2 = 12.0V ± 5%, VEE= -5.2V ± 4% 

Parameter Symbol Conditions 

Propogation Time, Input to Output tPLH 

Propagation Time, Input to Output tPHL CL= 300 pF 

Output Rise Time ~LH 
Tc= 250 ns 

V1H = -0.85V 
±0.03V 

Output Fall Time ~HL VIL= -1.75V 

Delay Time, Low-to-High Level 
± 0.03V 

tDLH 

Delay Time, High-to-Low Level tDHL 

Min. 

Min. 

7 

5 

18 

15 

1m1m11m1111m11111111111111m111m11111m1 

PU.JITSU 
MB 8 9 0 9 111111111111~1111111~111111111~1111111111100111 

70°C 

-1.05 

..:1.42 

Typ. Max. Unit 

14.5 

8.5 mA 

23.5 

Typ. Max. Unit 

12 19 

11 17 

16 23 
ns 

13 20 

28 39 

24 32 

Note: The typical values are applicable for Vcc1 = 5.0V, Vcc2 = 12V, VEE= -5.2V, TA= 25°C. 
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SWITCHING CHARACTERISTICS (con't) 

Tc 

INPUT 50% 

toLH 
tPHL 

tPLH 

OUTPUT tTLH 

toHL 

3-24 
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QUADRUPLE 
2-INPUT OR ECL 
TO MOS LEVEL 
SHIFTER/DRIVER 

QUADRUPLE 2-INPUT OR ECL TO MOS LEVEL/SHIFTER 

The MB 8903 is a quad 2-input OR 
gate and consists of four ECL to MOS 
translators which convert MB 10K 
logic levels to NMOS levels. 

It is designed for use in N-channel 
memory systems as a Read/Write, 
Data/Address Driver. 

It may also be used as a high fanout 
ECL to TTL translator, or in other 
applications requiring the capability 

ABSOLUTE MAXIMUM RATINGS 

Rating 

Supply Voltage 

Supply Voltage 

Input Voltage 

Output Voltage 

Capacitive Load 

Operating Frequency 

Operating Temperature Range 

Storage Temperature 

to drive high capacitive loads. 

• Fast propagation delay: 10 ns typ. 
@ 300 pF/ckt 

• Low power dissipation: 420 mW 
typ./pkg@ 5.0 MHz (all 4 drivers 
have 300 pF) 

• Input: ECL 1 OK 

• Output: +0.4V, Vol max. 
+3.0V, VoH min. 

Symbol Value Unit 

Vee Oto+7.0 v 

VEE -8.0 to 0 v 

VIN VEE to 0 v 

Vo o to Vee+ 0.5 v 

CL 
0 pF to 600 pF /ckt 

0 pF to 1800 pF /pkg 

te 0 to +10 MHz 

Top -25 to +100 oc 

Tstg -55 to +150 oc 

3-25 

MB8903 

PIN ASSIGNMENT 

TOP VIEW 



111111111m11w1111m1mm11111111111111111111 

FUJITSU 

111111m1m1~11111111111111~111111111111111m11 MB a 9 o 3 

RECOMMENDED OPERATING CONDITION· 

Parameter Symbol Value Unit 

Supply Voltage Vee 5.0 ± 5% v 

Supply Voltage VEE -5.2 ± 5% v 

Capacitive Load CL 0 pF to 300 pF/ckt 

Operating Frequency tc 0 to 5 MHz 

Operating Temperature Range Top 0 to +70 oc 

AC CHARACTERISTICS 

Parameter Symbol Condition Min. Max. Unit 

Propagation Delay tPLH 13 ns 

Propagation Delay tPHL Vee= 5.oov 18 ns 
VEE= -5.20V 

Rise Time tTLH CL= 300 pF 15 ns 

Fall Time tTHL 13 ns 

Input voltage values are below. 

TA (oC) V1Hmax. V1Lmin. V1Hmin. V1Lmax. 

0 -0.845 -1.870 -1.150 -1.490 

25 -0.810 -1.850 -1.105 -1.475 

70 -0.730 -1.830 -1.055 -1.450 

(Units V) 

3-26 
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DC CHARACTERISTICS 

(Air flow is greater than 2.5 m/sec) 

Parameter Symbol Conditions TA (oC) Min. Max. Unit 

Vee= 4.75V 
VEE= -5.20V 0 3.0 v 

Output High Voltage VoH Vi= V1Hmax. 25 3.0 v 
lo= -0.1 mA 70 3.0 v 

(* 1) 

Vee= 4.75V 
VEE= -5.20V 0 3.0 v 

Output High Threshold Voltage Varn Vi= V1Hmin. 25 3.0 v 
10 = -0.1 mA 70 3.0 v 

(* 1) 

Vee= 5.25V 
VEE= -5.20V 0 0.4 v 

Output Low Threshold Voltage VoTL Vi= V1Lmax. 25 0.4 v· 
10 = 0.1 mA 70 0.4 v 

(* 1) 

Vee= 4.75V 
VEE= -5.20V 0 0.4 v 

Output Low Voltage VoL1 Vi= V1Lmin. 25 0.4 v 
10 =0.1 mA 70 0.4 v 

(*1) 

Vee= 4.75V 
VEE= -5.20V 0 0.6 v 

Output Low Voltage VOL2 Vi= V1Lmin. 25 0.6 v 
10 = 20mA 

(* 1) 
70 0.6 v 

Vee= 5.oov 

l1HA 
VEE= -5.20V 

25 265 µA 
Vi= V1Hmax. 

(*1) 
Input High Current 

Vee= s.oov 

11HB 
VEE= -5.20V 

25 370 µA 
Vi= V1Hmax. 

(* 1) 

Vee= 5.oov 

Input Low Current l1L 
VEE= -5.20V 

25 0.5 µA 
Vi= V1Lmin. 

(* 1) 

(*1) Other inputs are open. 
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DC CHARACTERISTICS (continued) 

Parameter Symbol 

Positive Power Supply Current lccH 

Positive Power Supply Current lecL 

Negative Power Supply Current IEE 

(*1) Other inputs are open. 

WAVEFORMS 

INPUT 

OUTPUT 

Conditions 

Vee= 5.oov 
VEE= -5.20V 
Vi= V1Hmax. 

Vee= 5.oov 
VEE= -5.20V 

Inputs open 

Vee= 5.oov 
VEE= -5.2V 
Inputs open 

2.4V 

tTLH tTHL 

INPUT PULSE 
V1H = -0.89V, V1L = -1.69V 
tTLH = tTHL = 2.0 ns ± 0.2 ns 
PRR=5MHz 

3-28 

TA {OC) Min. Max. Unit 

25 32 mA 

25 57 mA 

25 -40 mA 
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FIG. 1 - POWER DISSIPATION 
VS. FREQUENCY 
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FIG. 2 - OUTPUT VOLTAGE 
(HIGH) VS. OUTPUT CURRENT 

FIG. 3 - OUTPUT VOLTAGE 
(LOW) VS. OUTPUT CURRENT 
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FIG. 4 - OUTPUT VOLTAGE (HIGH) 
VS. TEMPERATURE 
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FIG. 8 - SWITCHING TIMES 
VS. LOAD CAPACITANCE 
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FIG. 10 - SWITCHING TIMES 
VS. POSITIVE SUPPLY VOLTAGE 
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18 r--+- Vee= -5.2V ----..-+---+--+--+---+--< 
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FIG. 9 - SWITCHING TIMES 
VS. TEMPERATURE 

µ-vcc=5.ov 
Vee= -5.2V 

Duty Ratio= 50% 
J--r-PRR = 5 MHz 

t- CL= 300 pF 
1--

tPHL -1 
I 

tTLH 
I 

tPLH 

tTHL-1 

20 40 60 80 100 
AMBIENT TEMPERATURE (°C) 

FIG. 11 - SWITCHING TIMES VS. 
NEGATIVE SUPPLY VOLTAGE 

Vee= 5.ov 
18 I--+-- Ta= 25°C 1--+--+--+---t-+--+--i 

l--+--PRR=5MHz-+-t--+--+--+--+--I 
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; 14 J- Duty Ratio= 50% +--+--+---+-t--+--+---t 
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4t---+--+---+-+--+--+--+--t-t--+--+---I 

2t---+--+--+-+---+--+---+----+-+---+--+---I 

o,__.....__.____.~.._....._....__..__.~..__.__...__, 

-4.5 -5.0 -5.5 
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DUAL LINE 
RECEIVER 

DUAL LINE RECEIVER 

• High common-mode rejection ratio • Gate inputs for logic versatility 

• High input impedance • TTL or DTL drive capability 

• High input sensitivity • High de noise margins 

• Differential input common-mode 
voltage range of ±3V 

• Standard ceramic 14-lead dual-in· 
line package 

• Strobe inputs for receiver selection 

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol Value Unit 

Supply Voltage (*1) Vee 7 v 

Supply Voltage ( *1) VEE -8.5 v 

Differential Input Voltage (*2) ±6 v 

Common mode input voltage ( * 1) ±5 v 

Strobe Input Voltage (*1) 5.5 v 

Operating Free-Air Temperature Range Top 0 to +70 oc 

Storage Temperature Range Tstg -65 to +150 oc 

( * 1) These voltage values are with respect to network ground terminal. 
(*2) These voltage values are at the noninverting (+)terminal with respect to the 

inverting (-) terminal. 
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PIN ASSIGNMENT 

STROBE 

Vee VEE 2A 2B N.e. 2Y 2G 

1A 1B N.e. 1Y ~ GND 

STROBES 

TOP VIEW 



FUNCTION TABLE 

DIFFERENTIAL INPUTS STROBES 

A-B G 

v10 ;;..25mV Lor H 

Lor H 

-25 mV.;;; Vm.;;; +25 mV L 

H 

Lor H 

v10 o;;;-25mV L 

H 

RECOMMENDED OPERATING CONDITIONS (*3) 

Parameter Symbol 

Supply Voltage (*1) Vee 

Supply Voltage (*1) VEE 

Output Sink Current 

Differential Input Voltage 

Common Mode Input Voltage (*1) 

Input Voltage Range, Any Input to Ground (*4) 

Operating Free-Air Temperature Range Top 

s 

Lor H 

L 

Lor H 

H 

L 

Lor H 

H 

1111111111111111111111111111111111111111111111111111 
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OUTPUT 
v 

H 

H 

H 

INDETERMINATE 

H 

H 

L 

Value Unit 

5± 5% v 

-5 ± 5% (or -6 ± 5%) v 

-16 mA 

±5 v 

±3 v 

-5 to +3 v 

Oto +70 oc 

(*3) When using only one channel of the line receiver, the inputs of the other channel should be grounded. 
(*4) The recommended combinations of input voltages fall within the shaded area of the figure that follows. 

3-33 



1111111111111111111111111111111111111111111111111111 

FUJITSU 

1111111111111111111111111111111111111111111111111111 MB 8911 

> 
w· 

~ 
~ 
0 
> 
0 
z 
;:) 
0 
a: 
(!) 

0 
I­
<( 

!::; 
a. 
z 

RECOMMENDED COMBINATIONS 
OF INPUT VOLTAGES FOR 

LINE RECEIVERS 

-5 -4 -3 -2 -1 0 2 3 

INPUT B TO GROUND VOLTAGE, V 

AC CHARACTERISTICS 

(Vee= 5V, VEE= -5V, TA= 25°C) 

Parameter Symbol Conditions Min. 

Propagation Delay Time, Low to High Level, RL = 390S1 
10 

from Differential Inputs A and B to Output tPLH(D) CL=15pF 

Propagation Delay Time, High to Low Level, RL = 390S1 
10 

from Differential Inputs A and B to Output tPHL(D) CL=15pF 

Propagation Delay Time, Low to High Level, 
tPLH(S) 

RL = 390S1 
5 

from Strobe Input G or S to Output CL= 15 pF 

Propagation Delay Time, High to Low Level, 
tPHL(S) 

RL = 390S1 
5 

from Strobe Input G or S to Output CL=15pF 

(*4) These maximum values are applicable for VEE= -6V. 
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Typ. Max. Unit 

21 
28 

[(27) *4] 
ns 

21 
26 

[(27) *4] 
ns 

13 20 ns 

13 20 ns 



DC CHARACTERISTICS 

(TA= 0°C to +70°C unless otherwise specified) 

Parameter Symbol 

High·Level Input Current into 1A or 2A l1H 

Low-Level Input Current into 1A or 2A Ill 

l1HG1 

High-Level Input Current into 1G or 2G 

l1HG2 

Low-Level Input Current into 1G or 2G l1LG 

l1HS1 

High-Level Input Current into S 

l1HS2 

Low-Level Input Current into S l1LS 

Low-Level Output Voltage Vol 

High-Level Output Current loH 

High Logic-Level Supply Current from Vee lccH 

High Logic-Level Supply Current from VEE IEEH 

Conditions 

Vee= max., VEE= max. 
V10 = 0.5V 
Vic= 2.5V 

Vee= max., VEE= max. 
V10 = -2V 
V1c= -1V 

Vee= max., VEE= max., 
V1H(S) = 2.4V 

Vee= max., VEE= max. 
VIH(S) = 5.5V 

Vee= max., VEE= max. 
VIL(S) = 0.4V 

Vee= max., VEE= max. 
VIH(S) = 2.4V 

Vee= max., VEE= max. 
V1H(S) = 5.5V 

Vee= max., VEE= max. 
'VIL(S) = 0.4V 

Vee= min., VEE= min. 
lslNK = 16 mA 

Vic= OV 

Vee= min., VEE= min. 
VoH = 5.25V 

Vee= max., VEE= max. 
V10=25mV 

Vee= max., VEE= max. 
VID = 25mV 
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Min. Typ. Max. Unit 

75 µA 

-10 µA 

40 µA 

1 mA 

- 1.6 mA 

80 µA 

2 mA 

- 3.2 mA 

0.4 v 

250 µA 

14 30 mA 

-11 -15 mA 
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DUAL DIGIT 
DRIVER/SENSE 
AMPLIFIER 

DUAL DIGIT DRIVER/SENSE AMPLIFIER 

The MB 8912 is a TTL/DTL compatible 
high-speed digit driver (write amplifier) 
and sense amp I ifier. 

PIN ASSIGNMENT 

This digit driver turns a MOS memory 
device such as MB 8201 into WRITE 
mode and writes a signal with TTL/ 
DTL input signals. The sense amplifier 
senses output signal of the MOS 
memory device and converts the 
signal to TTL/DTL level. 

High speed operation of the circuits 
is achieved by use of Schottky barrier 
diodes. 

• High speed operation 

Write delay time, 22 ns max. 
Write recovery time, 18 ns max. 
Read delay time, 22 ns max. 
Strobe delay time, 18 ns max. 

• High input sensitivity 

• High common-mode rejection ratio 

• TTL or DTL compatible input/ 
output 

• Standard ceramic 16-leads dual-in­
line package 

ABSOLUTE MAXIMUM RATINGS 

Rating 

Supply Voltage 

Supply Voltage 

Input Voltage 

Output Voltage 

Operating Free-Air Temperature Range 

Storage Temperature Range 

Symbol Value Unit 

Vee 0 to +7 v 

VEE -7 to 0 v 

V1 -0.5 to +5.5 v 

Vo -0.5 to +5.5 v 

Tap -25 to +100 QC 

Tstg -65 to +150 QC 
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RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Value Unit 

Supply Voltage Vee 5.a ± 5% v 

Supply Voltage VEE -5.2 ± 5% v 

Dor 5 Input Voltage (*1) V1D Vee +a.25, -1.aa v 

Dor 5 Input Voltage (*1) V1(D-D) 12 to 1aaa mV 

Operating Free-Air Temperature Range Top a to +7a oc 

Output Sink Current FIO a to +22 mA 

(*1) READ mode. 

DC CHARACTERISTICS 
(TA= a0 c ~ +70°C) 

Conditions 
Parameter Symbol Min. Max. Unit 

Vee VEE 

Input High Voltage V1H 2.a v 

Input Low Voltage VIL a.a v 

DID Output Low Voltage VoL(D) 
Stb = a.SV 

4.75V -5.46V a.5 v 
RL = 3aan (A) 

DID Output High Voltage VoH(D) 
Stb = a.SV 

5.25V -5.46V 5.a5 v 
RL = 3aQQ (A) 

SIA Input Sense Voltage Vl(S) P.S, Stb =av 4.75V -4.94V 12 1aoa mV 

SIA Output Low Voltage VoL(S) 
Din, P.s, Stb =a.av 

4.75V -5.46V a.5 v 
loL = 22 mA 

SIA Output High Voltage VOH(S) 
Din= a.av (Bl 

4.75V -4.94V 2.4 v 
loH =-a.a mA 

Input Low Current 11L1 VIL= a.4V 5.25V -5.46V 1.6 mA 

Input Low Current l1L2 V1L=a.4V 5.25V -5.46V 3.2 mA 

Input High Current l1H V1H = 2.4V 5.25V -5.46V 2aa µA 

Output Short Current 1os 
W.E, Stb = 2.av 

5.25V -5.46V 1aa 3aa mA 
D = 5.aV, (C) 

Ice W.E, P.S, Din= av 
92 

Supply Current D WRITE Mode 
Stb = 2.av 

5.25V -5.46V mA 

IEE 3a 
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(A) TRUTH TABLE (B) TRUTH TABLE 

CONDITIONS OUTPUT CONDITIONS 
Dout 

P.S Din W.E 5 D 5 D P.S Stb 

0.8V 0.8V 0.8V VoH VoL 5.0 v 4.75V 0.8V 0.8V VoH 

0.8V 0.8V 2.0V VoH VoH 4.75V 5.0 v 2.0V 0.8V VoH 

0.8V 2.0V 0.8V VoL VoH 4.75V 5.0 v 0.8V 2.0V VoH 

2.0V 0.8V 0.8V VoH VoH 4.75V 5.0 v 2.0V 2.0V VoH 

(C) Measurement Time: 0.3 sec., max. 

AC CHARACTERISTICS 

(TA= 0°c- +70°C, Vee= SV, VEE= -5.2V) 

Parameter Symbol Conditions Min. Max. Unit 

Write Delay two D,D output, RL = 300Q, CL= 50 pF 22· ns 

Write Recovery twR Same as above 18 ns 

Data Hold toH Same as above 3 ns 

Data Set-Up tos Same as above 10 ns 

Enable Write Delay tEW Same as above 22 ns 

Minimum Write Width tww Same as above 24 ns 

Read Delay tso Dout output, R L = 280Q, CL = 30 pF 22 ns 

Strobe Delay tso Same as above 18 ns 

Strobe Recovery tsR Same as above 18 ns 

Enable Read Delay tER Same as above 18 ns 

Minimum S.trobe Width tws Same as above 18 ns 
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DUAL DIGIT 
DRIVER/SENSE 
AMPLIFIER 

DUAL DIGIT DRIVER/SENSE AMPLIFIER 

The Fujitsu MBB915 is a dual digit 
driver/sense amplifier with TTL level 
open-collector outputs which enable 
to make Wired-OR connection. This 
device is designed to provide with high 
speed operation and high sensitivity, 
and is suitable for the peripheral of 
the Fujitsu MBB201 High Speed MOS 
Random Access Memory and similar 
device which have common tllrminals 
for both data inputs and data outputs. 
Th is device is also designed to provide 
high noise-filtering ratio by adopting 
differential amplifier input circuitries. 

• High speed operation with 
Schottky clamped TTL; 

two= 14 ns typ. at CL= 50 pF 
tRD = 14 ns typ. at CL= 15 pF 

• High Sllnsitivity with differential 
amplifier inputs: Vis= 3 mA 

• Connectable of Wired-OR with 
open-collector outputs 

• MOS/TTL interface pllripheral 

• Dual power supplies: Vee= 5.0V, 
VEE= -6.0V 

• Power consumption: 420 mW 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value 

Vee Pin Potential to GND Pin Vee -0.3 to +7.0 

VEE Pin Potential to GND Pin VEE -8.0to +0.3 

Input Voltage except D and 5 Vi -0.5 to +5.5 

Input Voltage for D and 5 V10 -0.5to +5.5 

Output yoltage Vo -0.5 to +5.5 

Operating Temperature Tap -25 to +100 

Storage Temperature Tstg -55 to +150 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. 
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Unit 

v 

v 

v 

v 

v 

oc 

oc 

MB 8915 

• High noise-filtering ratio with 
differential amplifier inputs 

• Fujitsu original device 

• Standard 16-pin dual-in-line 
package 

PIN ASSIGNMENT 

D1 16 

D1 2 15 

We1 3 14 

DJN1 4 13 

cs 5 12 

DJN2 6 11 

We2 7 10 

GND 8 9 

TOPVleW 

Vee 

STB1 

DouT1 

Vee 

DouT2 

STB2 

D2 

D2 
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FUNCTIONAL DESCRIPTION/ APPLICATION INFORMATION 

DIGIT DRIVER 

DIN WE cs 

0 0 0 
1 0 0 
0 1 0 
0 0 1 
1 1 0 
1 0 1 
0 1 1 
1 1 1 

APPLICATION NOTE 

When the MB8915 is connected to the 
MB8201 MOS RAM, sense resistors 
shall be connected externally between 
Vee and D(D) terminals as in the 
figure to the right: 

D 

0 
1 
1 
1 
1 
1 
1 
1 

LOGIC DIAGRAM 

FUNCTION TABLE 
(TRUTH TABLE) 

i5 

1 
0 
1 
1 
1 
1 
1 
1 

D-D 

L 
H 
L 
L 
H 
H 
L 
H 

H:D-5 > OV 
L:D-5 < OV 

MB8201 
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SENSE AMP 

STB cs 

0 0 
0 0 
1 0 
0 1 
1 0 
0 1 
1 1 
1 1 

Rs1 = Rs2 ~ 300!1 - 1K !1 

DouT 

1 
0 
1 
1 
1 
1 
1 
1 

MB8915 

i5 D 



GUARANTEED OPERATING RANGES 

Parameter Symbol 

Supply Voltage Vee 

Supply Voltage VEE 

Output Sink Current F/0 

D(O) Input Voltage (Read Mode) V10 

D-0 Voltage Difference (Read Mode) V1(D - 0) 

Ambient Temperature Ta 

AC CHARACTERISTICS 

(Vee= 5.0V, VEE= -6.0V and TA= 0°C to +70°C unless otherwise noted) 

Parameter Symbol 

Two1 

Propagation Delay Time Two2 
WE2 to D2 for Write Mode 
(RL = 300 ohm, CL= 50 pF) TwR 

Tww 

Propagation Delay Time 
CS to D2 for Write Mode TEW 
(RL = 300 ohm, CL= 50 pF) 

Propagation Delay Time 
D2 to Dout2 for Read Mode 

TRD(HL) 

(RL = 390 ohm, CL= 15 pF) TRD(LH) 

Tso 
Propagation Delay Time 
Stb2 to Dout2 TsR 
(RL = 390 ohm, CL= 15 pF) 

Tws 

Propagation Delay Time TER(HL) 
CS to Dout2 for Read Mode 
(RL = 390 ohm, CL= 15 pF) TER(LH) 

Note: CL includes jig and probe capacitance. 
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Value Unit 

4.75 to 5.25 v 

-6.3 to -5.7 v 

0 to 20 mA 

V cc -1.0 to V cc +0.25 v 

12 to 1000 mV 

0 to +70 oc 

Value 
Unit 

Test 
Min. Typ. Max. Circuit 

- - 21 ns 

- - 22 ns 
Fig. 17 

- - 18 ns 

- - 24 ns 

- - 22 ns Fig. 18 

- - 22 ns 
Fig. 19 

- - 27 ns 

- - 18 ns 

- - 24 ns Fig. 20 

- - 18 ns 

- - 18 ns 
Fig. 21 

- - 24 ns 
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DC CHARACTERISTICS 

IV1H = 2.0V, VIL= O.SV and TA= 0°C to +70°C unless otherwise noted) 

Parameter Symbol 
Value Test 

Min. Typ. Max. Unit Circuit 

Output High Voltage for Sense Amplifier Mode 
VoH(DO) 4.5 

(Vee= 4.75V, VEE= -5.7V, RL = 390 ohm) 
- - v Fig. 1 

Output High Voltage for Digit Driver Mode 
VoH(D)l 5.05 

(V CC= 5.25V, VEE= -6.3V, RL = 300 ohm) 
- - v Fig. 2 

Output High Voltage for Digit Driver Mode 
VoH(D)2 2.4 

(Vee= 4.75V, VEE= -6.3V, loH = -0.8 mA) 
- - v Fig. 3 

Output Low Voltage for Sense Amplifier Mode 
(Vee= 4.75V, VEE= -6.3V, loL = 20 mA) VoL(DO) - - 0.5 v Fig. 4 

Output Low Voltage for Digit Driver Mode 
VoL(D) (Vee= 4.75V, VEE= -6.3V, RL = 300 ohm) 

- - 0.5 v Fig. 5 

Input High Current for inputs except CS 
Vee= 5.25V, VEE= -6.3V, V1H = 2.4V) 11H1 - - 100 µA Fig. 6 

Input High Current for CS 
l1H2 (Vee= 5.25V, VEE= -6.3V, V1H = 2.4V) 

- - 200 µA Fig. 7 

Input Low Current for inputs except CS 
l1L 1 (Vee= 5.25V, VEE= -6.3V, V1L = 0.4V) 

- - -1.6 mA Fig. 8 

Input Low Current for CS 
(Vee= 5.25V, VEE= -f:f.3V, V1L = 0.4V) l1L2 - - -3.2 mA Fig. 9 

Output Leakage Current for Sense Amplifier Mode 
loH(DO) (Vee= 4.75V, VEE= -5.7V, Vo(DO) = 5.5V) 

- - 100 µA Fig. 10 

Output Leakage Current for Digit Driver Mode 
loH(D) (Vee= 5.25V'. VEE= -6.3V, VoH1 = 5.25V, VoH2 = 5.7V) 

- - 5 µA Fig. 11 

Power Supply Current from Vee for Stand-by Mode 
lcc1 85 

(Vee= 5.25V, VEE= -6.3V) 
- - mA Fig. 12 

Power Supply Current from VEE for Stand-by Mode 
1EE1 -30 

(Vee= 5.25V, VEE= -6.3V) 
- - mA Fig. 12 

Power Supply Current from V CC for Read Mode 
lcc2 92 

(Vee= 5.25V, VEE= -6.3V) 
- - mA Fig. 13 

Power Supply Current from VEE for Read Mode 
IEE2 -30 

(Vee= 5.25V, VEE= -6.3V) 
- - mA Fig. 13 

Power Supply Current from Vee for Write Mode 
1cc3 92 mA Fig. 14 

Vee= 5.25V, VEE= -6.3V) 
- -
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DC CHARACTERISTICS (continued) 

Parameter Symbol 

Power Supply Current from VEE for Write Mode 
IEE3 (V CC= 5.25V, VEE= -6.3V) 

Input Clamp Voltage 
Vic (Ill= -1 mA) 

Input Current Sensitivity 
ll(D) (Vee= 5.25V/4.75V, VEE= -6.3V/-5.7V) 

Note: Terminals not specified in this table and figures are in the open condition. 

DC/ AC TEST CIRCUIT 

FIG. 1 - VoH(DO) Vee 

cs 
VIL DIN1 o, 

DIN2 D2 cs 

V1L 

V1H WE1 Doun 
V1H 

WE2 DouT2 
V1L 

STB1 Dt * 
V1H 

STB2 D2 

-VEE -
FIG. 2 - VoH(D)1 

WE1 Doun 
} OPEN 

~ DOUT2 

VIL SfB, 01 VoH(Dl1 
STB2 D2 l -- VEE 
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Value 
Unit 

Test 
Typ. Max. Circuit 

- -30 mA Fig. 14 

- -0.23 v Fig. 15 

- 3.5 mA Fig. 16 

*INPUT CONDITIONS 

STB D i5 

V1L 4.75V 5.00V 

V1L 5.00V 4.75V 

V1H 5.00V 4.75V 

V1H 5.00V 4.75V 

*INPUT CONDITIONS 

cs D1N WE Measuring 
T!rminals 

V1L V1H V1L D 

V1L V1L V1H 0/0 

V1L V1L V1L D 

V1H V1L V1L 0/0 
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FIG. 3 - VoH(D)2 ,.....-__, 
V1H cs 

DIN1 

D1N2 

OPEN 
we 1 

WE2 

STB1 

FIG. 4 - VoL(DO) 

V1L 

D1N1 

DIN2 

WE2 

STB1 

STB2 

FIG. 5 - VoL(D) 

Vee 

D1 

D2 

Doun 
}OPEN 

DouT2 

D1 
VoH(D)2 

1 -Vee -
Vee 

D1 5.0V 

D2 

loL 

Doun 

DoUT2 

o, VoL(DO) 

D2 1 -Vee -

*INPUT CONDITIONS 

} OPEN 

Measuring 
D1N Terminals 

V1L D 

V1H D 

D1 '-----+---11""' VOL(DI 
D2I--------

1 --
344 



FIG. 6-l1H1 OPEN vcc 

cs 
D1N1 o, 
D1N2 D2 

WE1 DouTt, 

WE2 DouT2 

STB1 Dt 

STB2 D2 

- Vee -
FIG. 8- l1L1 OPEN vcc 

cs 
01N1 Ot 

01N2 02 

WE1 oouTt 

WE2 OouT2 

STB1 o, 

STB2 02 

-- Vee 

FIG.10-loH 
(DO) 

Vee 

D1Nt 
cs o, 

OPEN 
01N2 02 

WE1 oouTt 

WE2 oouT2 

V1H STB1 Ot 

STB2 02 

- Vee -

FIG. 7 - ll'H2 l1H2 --. 
V1H 

OPEN OPEN 

FIG. 9-11L2 l1L2 

OPEN OPEN 

} OPEN 

loHIOOI -
Vo(OOI 

} OPEN 
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Vee 

D1Nt Dt 

D1N2 D2 

we 1 DouTt 
OPEN 

WE2 DouT2 

STB1 o, 
STB2 D2 

- Vee -

01N1 Ot 

01N2 02 

WE1 OouT1 
OPEN 

WE2 OouT2 

STB1 o, 

STB2 02 

- Vee -
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FIG. 11 - loH(D) 
Vee 

cs 
DJN1 01 t-----i-~-....., 

D1N2 D2 t----+--t-...., 

VI H C>-9-11-l:li WE 1 

WE2 

o, ----· 
D2 t----'W 

FIG. 12 - lcc1/IEE1 

VJH 

OPEN 

f IEE1 

FIG. 14 - 'cc3/IEE3 

WE1 DouT1 

WE2 DouT2 

V1H C>-1......,t-C.J STB1 D1 

STB2 D2 

OPEN 

OPEN 
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V1H n-<._..-Cll WE1 

WE2 

FIG.15-V1c 
Vee OPEN 

WE1 DouT1 

WE2 DouT2 
OPEN 

STB1 D1 

STB2 D2 



FIG. 16 - ll(D) 

Vee* 

cs 
D1 D1N1 

D1N2 D2 

WE1 Doun 

WE2 DouT2 

STB1 D1 

STB2 D2 

Vee VEE 

5.25V -6.3V 

4.75V -5.7V 

'./., 

R R R 

R =3000HM 
RL =3900HM 

R 

*INPUT CONDITIONS 

ll(D) 2!_(121.. 
D1/D2 D1/D2 

-40µA open 

open -40µA 

-40µA open 

open -40µA 
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Vo LIMIT 

5.0V Min. 

0.5VMax. 

4.5V Min. 

0.5V Max. 
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FIG. 17 - PROPAGATION DELAY 
TIME, WE2 TO D2 

INPUT 
WAVE 

V1H (3.0V) 

INPUT 
WAVE 

V1L (OV) 

OUTPUT 
WAVE 

90% 

Vee 

INPUT PULSE CONDITIONS 

RL 

WE2 

OUTPUT 
WAVE 

D2 

..,.. CL 

...J.... 6 -L.. - -- Vee -

--- tTHL tTLH ---

-, 

twD2 

'\. l--tw'W-

50% '-k 
' 
---, 

twR 

Vcc-0.5V 

L?~ -----i-', ___ , 
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tTHL = tTLH = 7 ns 
tw=50ns 
f = 5 MHz 



FIG. 18 - PROPAGATION DELAY 
TIME, CS TO D2 

INPUT 
WAVE 

V1H (3.DV) 

INPUT 
WAVE 

V1L (OV) 

OUTPUT 
WAVE 

WE2 

Vee 

RL 

OUTPUT 
WAVE 

D2 

ICL 

- -- Vee -

----tw----
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INPUT PULSE CONDITIONS 

tTHL = tTLH = 7 ns 
tw=5Dns 
f = 5 MHz 
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FIG.19-PROPAGATION DELAY 
TIME, D2 TO DouT2 Vee 

INPUT 
WAVE 

OUTPUT 
WAVE 

INPUT 
WAVE 

Vee 
90% 

OUTPUT 
WAVE 

----- tTHL tfLH -----

tRD 
-----(LH) 

toe------ tw ----

3-50 

INPUT PULSE CONDITIONS 

tfHL = tfLH = 3 ns 
tw=50ns 
f = 5 MHz 

INPUT AMPLITUDE 
Vp= 100mV 

tRD 
(HLI 



FIG. 20 - PROPAGATION DELAY 
TIME, STB2 

Vee 
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INPUT PULSE CONDITIONS 

INPUT 
WAVE 

INPUT 
WAVE 

V1H (3.0V) 

OUTPUT 
WAVE 

0211---~1--~ Vee - 50 mv 

Vee 

r-------tTHL tTLH -----

---1----, 
903 

'· !--tws-
50%~, 

' V1LIOV) -----

OUTPUT 
WAVE 

tso 

- - """ 

i------tw----
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tsR 

' ' ' 

tTHL = tTLH = 7 ns 
tw=50ns 
f = 5 MHz 
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FIG. 21 - PROPAGATION DELAY 
TIME cs TO DouT2 

INPUT 
WAVE 

Vee 

OUTPUT 
WAVE 

INPUT PULSE CONDITIONS 

tTHL = 1TLH = 7 ns 
tw=50ns 
f = 5 MHz 

Dz I---+--~ Vee - 50 mV 

INPUT 
WAVE 

OUTPUT 
WAVE 

VEE 

.,.__ __ ,._ 1THL tTLH ------1.i 

V1H (3.0V) -~90%~~ 

10% 

tER 
(HL) 

V1L (OV) ------1----... 

------tw'----.i 
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tER 
(LH) 



PACKAGE DIMENSIONS 

16 

R .040 (1.0) REF 

'V 

16-LEAD CERAMIC DUAL-IN-LINE PACKAGE 
(CASE DIP16-A) 

9t 

.287 (7.29) 

.299 (7.59) 

,1.=-~?==io:::s===c::s===c:=;r==c'5"~,,--=8~_J 
cc ~ I 

.760 (19.30) . 

.800 (20.32) 

3.53 

! 
_L.160 (4.06) MAX 

.120 (3.!)5) 

.140 (3.561 

1111111111111111111111111111111111111111111111111111 
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l 

.290 (7.37) 

.310 (7.87) 

i:ooa (0.20> 
.012 (0.30) 

Dimensions in 
inches (millimeters) 
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DUAL SENSE AMPLIFIER 

The MB8916 is an EGL (CML) com­
patible high speed sense amplifier. 

This sense amplifier senses output 
signal of the MOS memory devices 
(such as MB8215, MB8207) and 
converts the signal to EGL (CML) 
level. 

• High speed operation: 

Read delay time, 4.5 ns max, 
Strobe delay time, 3.2 ns max. 

• High input sensitivity 

• EGL (CML) compatible input/ 
output 

• Standard ceramic 16-leads dual-in­
line package 

ABSOLUTE MAXIMUM RATINGS 

Rating 

Supply Voltage 

Symbol 

Vcc2 
Vcc1 
VEE 

Value 

-0.3 to +10.5 
-0.3 to+ 6.5 
-8.0 to +0.3 

PIN ASSIGNMENT 

TOP VIEW 

Uh it 

v 
v 
v 

Input Voltage Vi -0.3 to V CC2 + 0.5 v 
VR/S -5.0 to +0.3 v 

Input Difference Voltage 
±5.0 v (between In+ and In-) 

Output Current lo Oto +50 mA 

Operating Free-Air Temperature Range Top -25 to +100 oc 

Storage Temperature Range Tstg -55 to +150 oc 

3.54 

MB 8916 



TRUTH TABLE 

IN R/S OUT+ 

IN+>1N- L H 

IN+< IN- L L 

Not Stable H L 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol 

Vcc2 
Supply Voltage Vcc1 

VEE 

Input Voltage v, 

Input Difference Voltage VID 

Operating Free-Air Temperature Range Top 

1111111111111111111111111111111111111111111m111111 
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OUT-

L 

H 

H 

Value Unit 

6.5 to 8.5 v 
5.0 ± 5% v 

-5.2 ± 5% v 

3.2 to Vcc2 +0.25 v 

±4.5 v 

0 to +70 oc 

Note: When one of S/A circuit is left unused, inputs of the circuit should be biased in the range of the recommended input 
voltage (ex. V cc2l to ensure operation of the other circuit. 

3-55 
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DC CHARACTERISTICS 

Characteristics 

Input Offset Voltage 

Input Offset Current 

Input Current 

Voltage Gain 

Output Voltage High Level • 1 

Output Voltage Low Level * 1 

Output Voltage High Level •2 

Output Voltage Low Level •2 

Input Current (R/S) High Level 

Input Current (R/S) Low Level 

Supply Current V CC1 

Vcc2 

VEE 

•1. R/S: V1Hmax. & open. 
*2. R/S: V111min. & V1Lmax. 

Symbol 
TA= 0°C 

Min. Typ. Max. 

V10 

110 

l1N 

Gv 

VoH -1.005 -0.845 

VoL -1.870 -1.660 

VOHA -1.020 

Vo LA -1.640 

l1H 

l1L 

'cc1 

'cc2 

IEE 

Power Supply Voltage: Vcc1 = 5.0V, Vcc2 = 7.0V, VEE= -5.2V 

Bias Voltage: V1H max. V1Lmin. 

TA: 0°C -0.845 -1.870 
25°C -0.810 -1.850 
70°C -0.730 -1.830 

Outputs must be connected to a 50-ohm resistor to -2V. 

TA=25°C 

Min. Typ. Max. Min. 

-3 ±1 + 3 

-1 ±0.1 + 1 

7 20 

57 

-0.960 -0.900 -0.810 -0.905 

-1.850 -1.750 -1.650 -1.830 

-0.980 -0.925 

-1.630 

265 

0.5 

10.0 14.8 19.0 

9.0 14.4 18.5 

25.0 35.3 45.0 

VIHA min. VILA max. 

-1.150 -1.496 
-1.105 -1.475 
-1.055 -1.450 

TA=70°C 
Unit 

Typ. Max. 

mV 

µA 

µA 

dB 

-0.730 v 

-1.625 v 

v 

-1.605 v 

µA 

µA 

mA 

mA 

mA 

Condition 

V1N+= 7.0V (7.1V) 
V1N- = 7.1V (7.0V) 
VIN+= 7.0V (7.1V) 
VIN-= 7.1V (7.0V) 

Same as above 

Same as above 

~ 
Gii 

Git 

'° .. 
~ 

§ 
~ 
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AC CHARACTERISTICS 

Characteristics 

Read Delay Time 

Strobe Delay Time 

Output Rise Time 

Output Fall Time 

=>!Aaa a:>e1Ja1u1 

Symbol 

tRD(l) 

tRD(O) 

tsD(ll 

tsD(Ol 

tTLH 

tTHL 

TA= 0°C 

Min. Typ. Max. Min. 

3.8 2.0 

2.6 1.0 

1.5 

1.5 

TA=25°C TA= 70°C 
Unit Condition 

Typ. Max. Min. Typ. Max. 

2.9 3.8 4.5 ns 

1.9 2.6 3.2 ns 

0.9 1.5 2.1 ns 

0.8 1.5 2.1 ns 

~ .. 
00 

'° -°" 
i 
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WAVEFORMS 

OUTPUTS MUST BE 
TERMINATED THROUGH 
A 50-0HM RESISTOR 
T0-2V 

OUT-

R/S 

OUT-

1RO(O) 

50mV 

1R0(1) 

1THL 

2'0% 

tR0(1) 

--------------- -0.89V 

------ -1.69V 

tso<o1 tso( 11 

tso<11 tso(ol ..____,~ 

*This specification is applicable under the condition of 2.5m/sec air flow. 
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4-BIT DRIVER/RECEIVER 

fhe Fujitsu MB 424 is a 4-bit bus 
driver /receiver which has two control 
lines to enable drivers or receivers. 
This device is suitable to expand the 
bi-directional data bus and the address 
lines for the microcomputer system 
using the Fujitsu MBL 6800 micro­
processor unit or similar devices. 

• Schottky clamped TTL 

• 3-state outputs 

• "L" level output sink current: 
40 mA {Driver) 
16 mA (Receiver) 

• "H" level output current: 
10 mA (Driver) 

2 mA (Receiver) 

• Low input load current by using 
PNP transistor: 200µA max. 

• Schottky input-clamping diode 

• High speed operation with high 
capacitance load 

Driver: tpd = 12 ns typ., 
20 ns max. at 300 pf 

Receiver: tpd = 7 ns typ.', 
14 ns max at 30 pf 

• Especially high speed operation 
on 3-state 

• Pin compatible with Signetics 
8T26 and Motorola Me6880 

• Standard 16-pin dual-in-line 
package 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value 

Vee Pin Potential to GND Pin Vee - 0.5 to +7.0 

Input Voltage Vi - 1.0 to +5.5 

Output Voltage Vo - 0.5 to +7.0 

Operating Temperature Top -15.0 to +75.0 

Storage Temperature Tstg -40.0 to +125.0 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. 

3-59 

Unit 

v 

v 

v 

oe 

oe 

MB424 

SYMBOL PIN NAME 

RE RECEIVER ENABLE 

DE DRIVER ENABLE 

DI DATA INPUT 

DB DATA BUS 

RO RECEIVER OUTPUT 

PIN ASSIGNMENT 

RE 1 1s Vee 

ROo 2 L. 15 DE 

DBo 3 14 R03 

Dlo 4 13 DB3 

(TOP VIEW) 

R01 5 12 013 

DB1 6 11 R02 

011 7 10 OB2 

GND 8 9 012 
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FUNCTIONAL DESCRIPTION/ APPLICATION INFORMATION 

LOGIC DIAGRAM 

ROo Dlo 

DE DBo DB1 

FUNCTION TABLE 

Mode Control Driver Receiver 
RE DE State State 

0 0 HZ RO= DB 

0 1 DB= DI RO=DI 

1 0 HZ HZ 

1 1 DB= DI HZ 

HZ: high impedance state. 

3-60 

013 

DB3 

Reference 
Figure 

Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 



REFERENCE FIGURE 

FIG.1 

DB -

FIG. 3 

DB 

APPLICATIONS 

• Half-duplex data transmission 
• Memory interface buffer 
• Data routing in bus-oriented system 
• MOS/CMOS to TTL interface 
• High current driver 

GUARANTEED OPERATING RANGES 

Item Symbol 

Supply Voltage Vee 

Driver Output Current 
"H" state 10HD 
"L" state 1oLD 

Receiver Output Current 
"H" state loHR 
"L" state 10LR 

Ambient Temperature TA 

3-61 

FIG.2 

FIG. 4 
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- DB -

- DB 

Range Unit 

+4.75 to+ 5.25 v 

10 Max. mA 
40 Max. mA 

2 Max. mA 
16 Max. mA 

0 to +75 oc 
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DC CHARACTERISTICS 

(TA= 0°C to +75°C unless otherwise noted) 

Parameter 

Output High Voltage for DB 
(Vee= 4.75V, loH = -10 mA, V1L=0.85V) 

Output High Voltage for RO 
(Vee= 4.75V, loH = -2 mA, VIL= 0.85V) 

Output Low Voltage for DB 
(Vee= 4.75V, loL = 40 mA, V1H = 2.0V) 

Output Low Voltage for RO 
(Vee= 4.75V, loL = 16 mA, V1H = 2.0V) 

Input High Current for RE, DE and DI 
(Vee= 5.25V, V1H = 5.5V) 

Input Low Current for All Inputs 
(Vee= 5.25V, V1L = 0.4V) 

Output Short Circuit Current for DB 
(V CC = 5.25V) 

Output Short Circuit Current for RO 
(Vee= 5.25V) 

Output Leakage Current for DB/RO 
(High Impedance State, Vee= 5.25V, 
Vo= 5.25V/0.4V) 

Power Supply Current 
(All Outputs are High, Vee= 5.25V) 

Power Supply Current 
(All Outputs are Low, Vee= 5.25V) 

Input Clamp Voltage for All Inputs 
(Vee= 4.75V, l1L = -5mA 

Symbol 

VoH1 

VoH2 

VoL1 

VOL2 

11H 

l1L 

'os1 

1os2 

1oz 

1ccH 

'ccL 

Vic 

. All typical values are at V CC= 5.0V and TA= 25°C. 
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Min. 

2.6 

2.6 

-

-

-

-

-50 

-30 

-

-

-

-

Typ.* Max. Unit 
Test 

Circuit 

3.3 - v Fig. 1 

3.2 - v Fig. 2 

- 0.5 v Fig. 3 

- 0.5 v Fig. 4 

Fig. 5 - 25 µA 
Fig. 6 

Fig. 7 
-40 -200 µA Fig. 8 

Fig. 9 

- -150 mA Fig. 10 

- - 75 mA Fig. 11 

- ±100 µA Fig. 12 

39 71 mA Fig. 13 

51 87 mA Fig. 14 

Fig. 15 - -1.0 v Fig. 16 
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AC CHARACTERISTICS (see NOTE) 

(Vee= 5.0V, TA= 25°C ± 2°C unless otherwise noted) 

Parameter Symbol Min. Typ. Max. Unit Test 
Circuit 

Propagation Delay Time DI to DB tPLH 11 20 ns 
Fig. 17 (R 1 = 30 ohm, R2 = 260 ohm, CL= 300 pf) tPHL 

- 13 20 ns 

Propagation Delay Time DB to RO tPLH 7 14 ns 
Fig. 18 -!R1 = 92 ohm, R2 = 1.3K ohm, CL= 30 pf) tPHL 7 14 ns 

Driver Enable Time 
(R3 = 70 ohm, R4 = 2.4K ohm, tpzL - 20 35 ns 
R5 = 5K ohm, CL= 300 pf) 

Fig. 19 
Driver Disable Time 
(R3 = 70 ohm, R4 = 2.4K ohm, tpLz - 12 25 ns 
R5 = 5K ohm, CL= 300 pf) 

Receiver Enable Time 
(R3 = 240 ohm, R4 = 2.4K ohm, tpzL - 17 30 ns 
R5 = 5K ohm, CL= 30 pf) 

Fig. 20 
Receiver Disable Time 
(R3 = 240 ohm, R4 = 2.4K ohm, tpLz - 8 15 ns 
R5 = 5K ohm, CL= 30 pf) 

Note: CL includes jig and probe capacitance. 

DC/ AC TEST CIRCUIT 

FIG.1 VoH1 FIG. 2 VoH2 
Vee Vee 

2.0V 0.85V 

FiE DBO V1L 

1DE DB1 DE 'DB1 

!DBz 

DB3 11:;is3 

V1L Dlo ROo 

}~1 ···{ 
010 

011 R01: 011 

Dlz ROz Dlz 

013 R03 13 \VOHI 

l.. -
3-63 
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FIG. 3 VOL1 

2.0V 

RE 

DE 

V1H Dlo 

Dl1 

Dl2 

Dl3 

FIG. 5 l1H 

V1H 
DE 

O"N{ 
Dlo 

Dl1 

Dl2 

Dl3 

FIG. 7 l1L 

RE 
VIL 

DE 

o"•{ 
Dlo 

Dl1 

Dl2 

Dl3 

Vee 

DBo loL 
DB1 

DB2 

DB3 

ROo 

}~·r R01 

R02 

R03 

Vee 

DBo 

DB1 

DB2 

OPEN 

R01 

R02 

R03 

Vee 

DBo 

DB1 

DB2 

DB3 
OPEN 

ROo 

R01 

R02 

R03 
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FIG.4 VOL2 
Vee 

0.85 

RE 
DBo V1H 

DE DB1 

DB2 

DB3 

O"N{ 
Dlo ROo 

Dl1 R01 

Dl2 R02 

Dl3 R03 

FIG. 6 l1H 
Vee 

2.0V 

RE 
DBo 

DE DB1 

DB2 

DB3 
OPEN 

Dlo ROo 

Di1 R01 

Dl2 R02 

Dl3 R03 

FIG. 8 Ill 
Vee 

2.0V 

RE 
DBo 

DE DB1 

DB2 

DB3 
OPEN 

Dlo 

Dl1 R01 

R02 

Dl3 R03 



FIG. 9 l1L 
Vee 

0.85V 

RE 
DBo 

DE DB1 

DB2 

DB3 

0'"{ 
Dlo ROo 

}0'" Dl1 R01 

Dl2 R02 

013 R03 

FIG.11 los2 
Vee 

DBo 

DE DB1 

DB2 

DB3 

o"'{ 
Dlo ROo 

Dl1 R01 

Dl2 R02 

Dl3 R03 

FIG.13 lccH Vee 
• leeH 

RE 
DBo 

DE DB1 

DB2 

DB3 

ROo 

}~'" 
Dlo 

Dl1 R01 

Dl2 R02 

Dl3 R03 
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FIG. 10 los1 

4.5V 

RE 

DE 

Dlo 

Dl1 

Dl2 

Dl3 

FIG.12 loz 

Cl) RE 
I-:J . ._w 
I- I- DE 
:J <( 
ot;; 
Ww 
~(.J 
<( z 
:i: <( Dlo 00 
I- w 

Dl1 ... 
z:i: o-

Dl2 - :c !:: Cl c- Dl3 z :c 
0 
(.J 

FIG. 14 lccL 

4.5V 

RE 

DE 

DBO 

Dl1 

Dl2 

IDl3 
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Vee 

DBo 

DB1 

DB2 

DB3 

ROo 

}"' R01 

R02 

R03 

Vee 

DBo 

DB1 

DB2 

DB3 

ROo 

R01 

R02 

R03 

Vee t 
ieeL 

DBo 

DB1 

DB2 

OPEN 

R01 

R02 

R03 
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FIG. 15 Vic 

RE 

DE 

Dlo 

Dl1 

Dl2 

Dl3 

--

Vee 

Fig. 17-tPLH/tpHL (DI TO DB) 

DBo 

DB1 

DB2 

DB3 

ROo 

R01 

R02 

R03 

INPUT Vee OUTPUT 2.6V 
WAVE WAVE 

DE=RE = 2.6V D;1S460 

OPEN 

FIG.16 Vic 
Vee 

- RE - DBO 

DE DB1 

DB2 

DB3 

~'·{ 
ROo 

}0"1 
Dlo 

Dl1 R01 

Dl2 R02 

Dl3 R03 

- -- -

PRR = 5 MHz 

5 ns 

2.6V 

INPUT 
WAVE 

ov 

50 ns 

tPLH tPHL 

VoH 

OUTPUT 
WAVE 

Vol 
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Fig. 18-tPLH/tpHL (DB TO RO) 

INPUT 
WAVE 

Vee 

DE=RE=OV 

Fig. 19-tpZL/tpLz (DRIVER) 

INPUT 
WAVE 

Vee 

RE= DI= 2.GV 

OUTPUT 
WAVE 

OUTPUT 
WAVE 

Rs 

FIG. 20 tpZL/tpLz (RECEIVER) 

INPUT 
WAVE 

Vee 

DE=DI = OV 
DB= 2.GV 

OUTPUT 
WAVE 

2.6V 

D;1S460 

INPUT 
WAVE 

OUTPUT 
WAVE 
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PRR = 5 MHz 

2.6V 

50 ns 

tPHL------1~ 

VoH ---"'------! 

VoL-----" 

Vee PRR = 5 MHz 

Vee 

INPUT 
WAVE 

OUTPUT 
WAVE 

100 ns 

VoL _____ ,.. 

INPUT 
WAVE 

OUTPUT 
WAVE 

3-67 

PRR=5MHz 

VzH-----.... 
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PACKAGE DIMENSIONS 

16 

INDEX 

1.2010.041> I I 
1.50(0.059) ~ r--

9 

0.5 MIN. (0.0197) 

r--2~·~~:fx. -----i--1--1-5.0 MAX. Ir--- ~I (0.197) 

1.27MAX. 
(0.050) 

I I I 2.54 TYP. r- ~ (0.100) 

o.4010.016> 11 
0.59(0.023) --l i--

3-68 

0.24(0.009) 
0.36(0.014) 

3.0MIN. 
(0.118) 

11.6TvP.I 
1,'"""' I 

I 1.6010.299> I 
~9.00(0.354)--! 

Dimensions in millimeters 
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4-BIT PARALLEL Bl-DIRECTIONAL BUS D-RIVER 
(NON-INVERTING) 

The Fujitsu MB 425 is a 4-bit non­
inverting bi-directional bus driver/ 
receiver. The function of driver or 
receiver is selected by Direction 
Control input. This device is designed 
for non-inverting data bus buffer/ 
driver of the Fujitsu MBL 6800 
microprocessor unit or similar devices. 

• Sc;hottky clamped TTL 

• 3-state outputs 

• "H" level output voltage 
(loH = -1 mA): 3.65V min. 

• Low input load current by using 
PNP transistor: 250 µA max. 

• High-speed operation with high 
capacitance load 

Driver: !pd = 17 ns typ., 
30 ns max. at 300 pF 

Receiver: !pd = 10 ns typ., 
25 ns max. at 30 pF 

SYMBOL 

cs 

DCE 

DI 

DB 

RO 

MB425 

PIN NAME 

CHIP SELECT 

DIRECTION 
CONTROL ENABLE 

DATA INPUT 

DATA BUS 

RECEIVER OUTPUT 

• "L" level output sink current: 
55 mA (Driver) 

• Especially high speed operation on 
3-state 

PIN ASSIGNMENT 

16 mA (Receiver) • Pin compatible with Intel 8216 

• "H" level output current: 
10 mA (Driver) 

1 mA (Receiver) 

• Standard 16-pin dual-in-line 
package 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value 

Vee Pin Potential to GND Pin Vee - 0.5 to +7.0 

Input Voltage V1 - 1.0 to +5.5 

Output Voltage Vo - 0.5 to +7.0 

Operating Temperature Top -15.0 to +75.0 

Storage Temperature Tstg -40.0 to +125.0 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. 
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Unit 

v 

v 

v 

cc 

cc 

cs 1 16 Vee 

ROo 2 lx 15 DCE 

DBo 3 14 R03 

Dlo 4 13 DB3 

(TOP VIEW) 

R01 5 12 Dl3 

DB1 6 11 R02 

Dl1 7 10 ,DB2 

GND 8 9 Dl2 
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FUNCTIONAL DESCRIPTION/ APPLICATION INFORMATION 

LOGIC DIAGRAM 

DCE ROo Dlo 

DBo DB1 

FUNCTION TABLE 

Mode Control Driver Receiver 
cs DCE State State 

0 0 DB= DI HZ 

0 1 HZ RO= DB 

1 0 HZ HZ 

1 1 HZ HZ 

HZ: high impedance state 
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Reference 
Figure 

Fig. 1 

Fig. 2 

Fig. 3 . 

Fig. 4 



FIG.1 

FIG.3 

APPLICATIONS 

• Data Bus Buffer for the Fujitsu 
MBL 6800 microprocessor unit or 
similar devices. 

• Interface Buffer of memory and 
1/0 device to a bi-directional bus 
of microcomputer system. 

REFERENCE FIGURE 

DB 

DB 

GUARANTEED OPERATING RANGES 

Item Symbol 

Supply Voltage vek 
Driver Output Current 

"H" state lo HD 
"L" state loLD 

Receiver Output Current 
"H" state loHR 
"L" state lo LR 

Ambient Temperature TA 

3-71 
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FIG. 2 

DB 

FIG.4 

DB 

Range Unit 

+4.75 to +5.25 v 

10 Max. mA 
55 Max. mA 

1 Max. mA 
16 Max. mA 
0 to +75 oc 
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DC CHARACTERISTICS (see NOTE) 

(TA = 0° C to 75° C unless otherwise noted I 

Parameter 

Output High Voltage for RO 
(Vee= 4.75V, loH = -1 mA, V1H = 2.0V) 

Output High Voltage for DB 
(Vee= 4.75V, loH = -10 mA, V1H = 2.0V) 

Ouput Low Voltage for RO/DB 
(Vee= 4.75V, loL = 16 mA/25 mA, VIL= 0.95V) 

Output Low Voltage for DB 
(Vee= 4.75V, loL = 55 mA, V1 L = 0.95V) 

Input High Current for CS and DCE 
(Vee= 5.25V, V1H = 5.5V) 

Input High Current for DI 
(Vee= 5.25V, V1H = 5.5V) 

Input Low Current for CS and DCE 
(Vee= 5.25V, V1L = 0.4V) 

Input Low Current for DI and DB 
(Vee= 5.25V, Vi L = 0.4V) 

Output Short Circuit Current for RO 
(Vee= 5.25VI 

Output Short Circuit Current for DB 
IV cc= 5.25VI 

Output Leakage Current for RO 
(high impedance state, Vee= 5.25V, 
Vo= 0.45V/5.25V) 

Output Leakage Current for DB 
(high impedance state, Vee= 5.25V, 
Vo= 0.45V/5.25V) 

Power Supply Current (All Inputs are High, 
Vee= 5.25VI 

Power Supply Current (All Inputs are Low, 
Vee= 5.25VI 

Input Clamp Voltage for All Inputs 
(Vee= 4.75V, I 1 L = -5 mA) 

Symbol 

VoH1 

VoH2 

VoL1 

VoL2 

l1H1 

l1H2 

l1L1 

llL2 

1os1 

los2 

loz1 

loz2 

lccH 

lccL 

Vic 

0 Note: All typical values are at Vee= 5.0V and TA= 25 C. 
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Min. Typ. Max. Unit Test 
Circuit 

3.65 4.2 - v Fig. 1 

2.4 3.2 - v Fig.2 

- 0.45 v Fig. 3 -
Fig. 4 

- - 0.6 v f:ig. 3 

- - 20 µA Fig. 5 

- - 10 µA Fig. 6 

- -80 -500 µA Fig. 7 

-40 -250 µA Fig. 8 -
Fig. 9 

-15 - - 65 mA Fig. 10 

-30 - -120 mA Fig. 11 

- - ± 20 µA Fig. 12 

- - ±100 µA Fig. 12 

- 67 130 mA Fig. 13 

- 69 130 mA Fig. 14 
-

- 1.0 v Fig. 15 - - Fig.16 
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AC CHARACTERISTICS (see NOTE) 

(Vee= 5.0V, TA= 25°C ± 2°C unless otherwise noted) 

Parameter Symbol Min. Typ. Max. Unit Test 
Circuit 

Propagation Delay Time DB to RO tPLH - 10 25 ns Fig. 17 
(R1=300 ohm, R2 = 600 ohm, CL= 30 pF) tPHL - 10 25 ns 

Propagation Delay Time DI to DB tPLH - 15 30 ns Fig. 18 
(R1=90 ohm, R2 = 180 ohm, CL= 300 pF) tPHL - 20 30 ns 

Receiver Enable Time 
(R 1 = 300 ohm, R2 = 600 Ohm, CL= 30 pF) tpzL - 16 35 ns 

Fig. 19 
Receiver Disable Time 
(R1 = 300 ohm, R2 = 600 ohm, CL= 5 pF) tpLz - 15 35 ns 

Receiver Enable Time 
(R1=10K ohm, R2 = 1K ohm, CL= 30 pF) tpzH - 30 55 ns 

Fig. 20 
Receiver Disable Time 
(R1=10K ohm, R2 = 1 Kohm, CL= 5 pF) tpHz - 10 25 ns 

Driver Enable Time 
(R1 = 90 ohm, R2 = 180 ohm, CL= 300 pF) tpzL - 23 45 ns 

Fig. 21 
Driver Disable Time 
(R1 = 90 ohm, R2 = 180 ohm, CL= 5 pF) tpLz - 6 20 ns 

Driver Enable Time 
(R1=10K ohm, R2 = 1K ohm, CL= 300 pF) tpzH - 30 55 ns 

Fig. 22 
Driver Disable Time 
(R1=10K ohm, R2 = 1K ohm, CL= 5 pF) tpHz - 6 20 ns 

Note: CL includes jig and probe capacitance. 
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DC/ AC TEST CIRCUIT 

FIG.1 VoH1 
Vee 

a.95V 

cs 

2.aV DCE 

~··{ 
Dia 

Dl1 

Dl2 

Dl3 

FIG. 3 Vol1NoL2 Vee 

cs 

DCE 

V1L 

Dia 

Dl1 

Dl2 

Dl3 

FIG. 5 l1H1 
Vee 

V1H 
DCE 

o"•{ 
Dia 

Dl1 

Dl2 

Dl3 

D8a V1H 

D81 

D82 

D83 

ROa loH 

R01 

R02 

R03 
VoH 

j_ 

D8a 

D81 

D82 

D83 

ROa 

}0"1 R01 

R02 

R03 

--

D8a 

D81 

D82 

D83 
OPEN 

ROa 

R01 

R02 

R03 
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FIG. 2 VoH2 
Vee 

a.95V 

cs 
D8a 

DCE D81 

D82 

D83 

V1H Dia ROa 

}~1 Dl1 R01 

Dl2 R02 

Dl3 R03 

FIG.4 VoL1 
Vee 

a.95V 

cs 
D8a V1L 

2.av DCE D81 

D82 

D83 

~··{ 
Dia ROa loL 

Dl1 R01 

Dl2 R02 

Dl3 R03 
Vol 

j_ 

FIG. 6 l1H2 Vee 

0.95V 

Cs 
D8a 

DCE D81 

D82 

D83 

Dia RO a 
OPEN 

Di1 R01 

Dl2 R02 

Dl3 R03 



FIG.7 llL1 Vee 

V1L 
OBo 

OCE OB1 

OB2 

OB3 

0""{ 
OPEN 

Olo ROo 

01, R01 

012 R02 

013 R03 

FIG. 9 ltl2 Vee 

0.95V 

cs OBo 

2.0V OCE OB1 

OB2 

~'·{ 
OB3 

Olo ROo 

}o'" 01, R01 

012 R02 

013 R03 

FIG.11 los2 Vee 

cs 
OBo 

OCE OB1 

OB2 

OB3 

4.5V Olo ROo 

}~" 01, R01 

012 R02 

013 R03 
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FIG. 8 ltl2 

0.95V 

cs 
OCE 

Olo 

Di1 

012 

013 

FIG.10 los1 

cs 

4.5V OCE 

O"N{ 
Olo 

01, 

012 

013 

FIG. 12 loz 

V> cs I-::i . 
Cl. w 
I- I- OCE 
::i <( 

0 ti 
Ww 
lo.: (J 
<( z 
::!! <( 

Olo 0C 
I- w 

01, Cl. 
z ::!! o-

012 - J: !:: CJ c-z J: 013 
0 
(J 
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Vee 

OBo 

OB1 

OB2 

OB3 
OPEN 

R01 

R02 

R03 

Vee 

OBo 4.5V 

OB1 

OB2 

083 

Vee 

OBo 

OB1 

OB2 

OB3 

ROo 

R01 

R02 

R03 



1111111111111111m111111111111111111111111111111111 

FUJITSU 

11111111111111111111111111~111111111111111111111111 MB 425 

FIG.13 lccH 

Cs 

4.5V OeE 

Olo 

011 

012 

013 

--
FIG.15 V1c 

cs 

OeE 

Olo 

011 

012 

013 

--

Vee 

Vee 

FIG. 14 lccL 

t ieeH 

OBo 4.5V 

OB1 4.5V 

OB2 

OB3 

ROo 

}~,. R01 

R02 

R03 

--
FIG.16 Vic 

-
OBo -
OB1 4.5V 

OB2 

OB3 

O"N{ 
ROo 

OPEN 

R01 

R02 

R03 
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Vee 

t ieeL 

cs 
OBo 

oeE OB1 -
OB2 -
OB3 

Olo ROo 

}·" 01, R01 

012 R02 

013 R03 

--
Vee 

cs 
OBO llL 

OeE OB1 

OB2 

OB3 

,010 ROQ 

to"I 011 .R01 

\012 R02 

013 R03 

--
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FIG. 20 tpzH/tpHz (RECEIVER) 

INPUT 
WAVE 

OUTPUT 
Vee WAVE 

01 =OB= Vee 

FIG. 21 tpZL/tpLz (DRIVER) 

INPUT 
WAVE 

OUTPUT 
Vee WAVE 

CS= DI= OV 

FIG. 22 tpzH/tpHz (DRIVER) 

INPUT 
WAVE 

OUTPUT 
Vee WAVE 

CS =OV 
DI= Vee 

Vee 

Vee 

Vee 

INPUT 
WAVE 

2.5V 

PRR = 1 MHz 

VoH-------. 

OUTPUT 
WAVE 

INPUT 
WAVE 

PRR=5MHz 

100 ns 

VzH-----.... 

OUTPUT 
WAVE 

INPUT 
WAVE 

PRR = 5 MHz 

2.5V 

VoH ----'--­

OUTPUT 
WAVE 
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5 ns 



PACKAGE DIMENSIONS 

INDEX 

1.27MAX. 
(0.050) 

16 9 

0.5 MIN. (0.0197) 

20(~~7~8~X. ---i_-1--1-5.0 MAX. ----xi (0.197) 

0.24(0.009) 
0.36(0.014) 

I ~2.54TYP. r- (0.100) 

o.40(0.016) 11 
0.59(0.023)--j r-

3.0MIN. 
(0.118) 

3.79 
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I 1.60(0.299) I 
I---9. 00( 0. 354) --l 

Dimensions in millimeters 
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4- BIT PARALLEL Bl-DIRECTIONAL BUS DRIVER (INVERTING) 

MB426 

The Fujitsu MB 426 is a 4-bit inverting 
'Ji-directional bus driver/receiver. The 
function of driver or receiver is selected 
by Direction Control input. This device 
is designed for inverting data bus 
buffer/driver of the Fujitsu MBL 6800 
micro-processor unit or similar devices. 

• "H" level output voltage 
OoH = -1 mA): 3.65V min. 

SYMBOL PIN NAME 

• Schottky clamped TTL 

• 3-state outputs 

• "L" level output sink current: 
,...,.. A 1.-.. • - \ 
OU rTtf"\ \L.11 lV"'t I 

16 mA (Receiver) 

• "H" level output current: 
10 mA (Driver) 

1 mA (Receiver 

• Low input load current by using 
PNP transistor: 250 µA max. 

• High-speed operation with high 
capacitance load 

Driver: tpd = 14 ns typ., 
25 ns max. at 300 pF 

Receiver: tpd = 11 ns typ., 
25 ns max. at 30 pF 

• Especially high speed operation 
on 3-state 

• Pin compatible with Intel 8226 

• Standard 16-pin dual-in-line 
package 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value 

Vee Pin Potential to GND Pin Vee - 0.5 to +7.0 

Input Voltage V1 - 1.0 to +5.5 

Output Voltage Vo - 0.5 to +7.0 

Operating Temperature Top -15.0 to +75.0 

Storage Temperature Tstg -40.0 to +125.0 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. 
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Unit 

v 

v 

v 
QC 

QC 

cs CHIP SELECT 

DCE DIRECTION 
CONTROL ENABLE 

DI DATA INPUT 

DB DATA BUS 

RO RECEIVER OUTPUT 

PIN ASSIGNMENT 

cs 1 1& Vee 

ROo 2 lx 15 DCE 

DBo 3 14 R03 

Dlo 4 13 DB3 

(TOP VIEW) 

R01 5 12 Dl3 

DB1 6 11 R02 

Dl1 7 10 DB2 

GND 8 9 Dl2 



FUNCTIONAL DESCRIPTION/ APPLICATION INFORMATION 

LOGIC DIAGRAM 

DCE ROo Dlo ROz Dlz 

DBo DBz 

FUNCTION TABLE 

Mode Control Driver Receiver 
~ DCE State State 

0 0 DB= Di HZ 

-
0 1 HZ RO= DB 

1 0 HZ HZ 

1 1 HZ HZ 

HZ: high impedance state. 
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DB3 

Reference 
Figure 

Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 
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FIG.1 

FIG. 3 

APPLICATIONS 

• Data Bus Buffer for the Fujitsu 
MBL 6800 micro-processor unit 
or similar devices 

• Interface Buffer of memory and 
1/0 device to a bi·directional bus 
of micro-computer system 

REFERENCE FIGURE 

DB 

DB 

GUARANTEED OPERATING RANGES 

Item Symbol 

Supply Voltage Vee 
Driver Output Current 

"H" state IOHD 
"L" state lo LO 

Receiver Output Current 
"H" state loHR 
"L" state lo LR 

Ambient Temperature TA 

3·82 

FIG. 2 

-- DB 

FIG.4 

DB 

Range Unit 

+4.75 to +5.25 v 

10 Max. mA 
50 Max. mA 

1 Max. mA 
16 Max. mA 
0 to +75 "c 
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DC CHARACTERISTICS (see NOTE) 

(TA= 0°C to 75°C unless otherwise noted) 

Parameter Symbol Min. Typ. Max. Unit Test 
Circuit 

Output High Voltage for RO 
VoH1 3.65 4.2 - v Fig. 1 

(Vee= 4.75V, loH = -1 mA, V1L =0.95V) 

Output High Voltage for DB 
VoH2 2.4 3.2 - v Fig.2 

(Vee= 4.75V, loH = -10 mA, VIL= 0.95V) 

Ouput Low Voltage for RO/DB 
Vol1 - - 0.45 v Fig. 3 

(Vee= 4.75V, loL = 16 mA/25 mA, V1H = 2.0V) Fig. 4 

Output Low Voltage for DB 
VoL2 - - 0.6 v Fig. 3 

(Vee= 4.75V, loL = 50 mA, V1H = 2.0V) 

Input High Current for CS and DCE 
l1H1 - - 20 µA Fig. 5 

(Vee= 5.25V, V1H = 5.5V) 

Input High Current for DI 
l1H2 - - 10 µA Fig. 6 

(Vee= 5.25V, V1H = 5.5V) 

-
Input Low Current for CS and DCE 

l1L1 - -80 -500 µA Fig. 7 
(Vcc=5.25V, VIL =0.4V) 

Input Low Current for DI and DB 
l1L2 -40 -250 µA Fig. 8 -

(Vee= 5.25V, V1L = 0.4V) Fig. 9 

Output Short Circuit Current for RO 
los1 -15 - - 65 mA Fig. 10 

(Vee= 5.25V) 

Output Short Circuit Current for DB 
los2 -30 - -120 mA Fig. 11 

(Vee= 5.25V) 

Output Leakage Curr~nt for RO 
(high impedance state, Vee= 5.25V, loz1 - - ± 20 µA Fig. 12 
Vo = 0.45V /5.25V) 

Output Leakage Current for DB 
(high impedance state, Vee= 5.25V, loZ2 - - ±100 µA Fig. 12 
Vo = 0.45V /5.25V) 

Power Supply Current (All Inputs are High, 
lccH - 42 80 mA Fig. 13 

Vee= 5.25V) 

Power Supply Current (Al I Inputs are Low, 
lccL - 65 120 mA Fig. 14 

Vee= 5.25V) 

Input Clamp Voltage for Al I Inputs - 1.0 v Fig. 15 
Vic - -

Fig. 16 (Vee= 4.75V, 11 L = -5 mA) 

0 
Note: All typical values are at Vee= 5.0V and TA= 25 C. 
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AC CHARACTERISTICS (see NOTE) 

(Vee= 5.0V, TA= 25°C ± 2°C unless otherwise noted) 

Parameter 

Propagation Delay Time DB to RO 
(R1=300 ohm, R2 = 600 ohm, CL= 30 pF) 

Propagation Delay Time DI to DB 
(R1=90 ohm, R2 = 180 ohm. CL= 300 pF) 

Receiver Enable Time 
(R1 = 300 ohm, R2 = 600 Ohm, CL= 30 pF) 

Receiver Disable Time 
(R1=300 ohm, R2 = 600 ohm, CL= 5 pF) 

Receiver Enable Time 
(R1=10K ohm, R2 = 1K ohm, CL= 30 pF) 

Receiver Disable Time 
(R1=10K ohm, R2 = 1K ohm, CL= 5 pF) 

Driver Enable Time 
(Rj = 90 ohm, R2 = 180 ohm, CL= 300 pF) 

Driver Disable Time 
(R1=90 ohm, R2 = 180 ohm, CL= 5 pF) 

Driver Enable Time 
(R 1 = 10K ohm, R2 = 1 Kohm, CL= 300 pF) 

Driver Disable Time 
(R1=10K ohm, R2 = 1K ohm, CL= 5 pF) 

Note: CL includes jig and probe capacitance. 

Symbol Min. 

tPLH -
tPHL -

tPLH -
tpHL -

tpzL -

tpLz -

tpzH -

tpHz -

tpzL -

tpLz -

tpzH -

tpHz -

3-84 

Typ. Max. Unit Test 
Circuit 

11 25 ns Fig. 17 
12 25 ns 

12 25 ns Fig. 18 
16 25 ns 

26 45 ns 

Fig. 19 

12 25 ns 

15 35 ns 

Fig. 20 

10 25 ns 

25 45 ns 

Fig. 21 

7 20 ns 

19 45 ns 

Fig. 22 

7 20 ns 



DC/ AC TEST CIRCUIT 

FIG. 1 VOH1 Vee 

0.95V 

cs 
OBo V1L 

2.0V OCE OB1 

OB2 

OB3 

""'{ 
Olo ROo 

011 R01 

012 R02 

013 
VoH 

_L 

FIG. 3 Vol 1/VoL2 Vee 

0.95V 

cs 
OBo 

OCE OB1 

V1H Olo 

}"f 011 R01 

012 R03 

013 R02 

FIG. 5 llH1 Vee 

V1H 
OBo 

OCE OB1 

OB2 

OB3 

~··{ 
OPEN 

Olo ROo 

011 R01 

012 R02 

013 R03 
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FIG. 2 VoH2 

0.95V 

cs 

OeE 

V1L Olo 

011 

012 

013 

FIG.4 Voll 

0.95V 

cs 

2.0V OCE 

~"{ 
Olo 

011 

012 

013 

FIG. 6 l1H2 

0.95V 

cs 

OCE 

Olo 
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Vee 

DBo loH 
DB1 

DB2 

DB3 
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R02 

R03 

Vee 
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'R02 

VOL 

_L 
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ROo 

R01 

R02 

R03 



lllllllllllllllllllll~lllll~lllllllllll 
FWITSU 

lllllllllllllllllllllllllll~llllllllllllllllllll MB 426 

Fig. 7-11L1 
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011 

012 
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Fig. 9-11L2 

0.95V 
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Fig. 11-1os2 Vee 
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Fig. 8.-llL2 Vee 

0.95V 
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013 R03 

FIG. 10-los1 Vee 

cs 
080 

4.5V OCE OB1 

OB2 

OIQ 

'011 R01 

012 

013 

Fig. 12-10 z Vee 

IJ) Cs OBo I-::> . 
o..W 
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:0:1t.> OB3 

~·~ Olo ROo o:c 
.... ,~ 011 z':a: 01-

012 E5 
O[-z,:i:: 013 R03 

8 
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Fig. 13.-lccH Vee 
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Fig. 14-•ccL 
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Fig. 17-tPLH/tPHL (DB TO RO) 
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PACKAGE DIMENSIONS 

INDEX 

16 

I I 1.2010.041) --i j---1.50(0.059) 

9 

0.5 MIN. (0.0197) 

r--~l.~~fX·---i_-+--+-5.0 MAX. Ir-- ~I (0.197) 

1.27 
MAX. 

(0.050) 
I I I 2.54 TYP. r- t---1-- (0.100) 

0.4010.016) 11 
0.59(0.023)--! i--

3-90 

0.24(0.009) 
0.36(0.014) 

3.0MIN. 
(0.118) 

I 1.6010.2991 I 
i.- 9.00(0.354) ---l 

Dimensions in millimeters 
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8-BIT TTL 
INPUT/OUTPUT 
PORT 

8-BIT TTL INPUT/OUTPUT PORT 

The Fujitsu MB 471 is an 8-bit input/ 
output port which consists of 8-bit 
latch, 3-state output buffers, device 
selection/control logic and service 
request flip-flop for micro-processor. 
Through these built-in circuits, the 
MB 471 can be used for various 
functions such as latches, gated 
buffers or multiplexers and especially 
for main peripheral and input/output 
functions of microcomputer system 
using the Fujitsu MBL6800 micro­
processor unit or similar devices. 

• Schottky clamped TTL 

• 3-state outputs 

• "L" level output sink current: 
15mA 

• "H" level output current: 1 mA 

• "H" level output voltage: 3.65V 
min. 

• Low input load current by using 
PNP transistor: 250 µA max. 

• Parallel 8-bit register and buffer 

• Asynchronous clear 

• High speed operation: tpd = 18 ns 
typ. 

• Schottky input-clamping diode 

• Pin compatible with Intel 8212 

• Standard 24-pin dual-in-line 
package 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value 

Vee Pin Potential to GND Pin Vee -0.5to+7.0 

Input Voltage V1 -1.0 to +5.5 

Output Voltage Vo -0.5 to +7.0 

Operating Temperature Top -15to+ 75 

Storage Temperature Tstg -40 to +125 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. 

3-91 

Unit 

v 

v 

v 

oe 

oe 

MB471 

PIN CONFIGURATION 

SYMBOL PIN NAME 

Dl1-Dla DATA INPUT 

D01-DOa DATA OUTPUT 

DS1, DS2 DEVICE SELECT INPUT 

MD MODE INPUT 

STB STROBE INPUT 

INT INTERRUPT OUTPUT 

CLR CLEAR INPUT 
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FUNCTIONAL DESCRIPTION/APPLICATION INFORMATION 

FUNCTION TABLE 

(1) Data Output (DOI 

MD DS1·DS2 STB DI CLR 

~ 
L 

H 
L L H 

L 
H H x 

L H 

H 
L x r--

L 

L x x x 
L 

H x x 
H 

H 

H 
L x x t-------1 

L 

(2) Interrupt Output (INTI 

MD Ds1·Ds2 CLR STB DI 

H x x 

L x 
x L 

HLL 
x 

H 

HLL H L 

Note: 

x: I rrevelant 
Oo: The state before Data Latch output (0) 
HZ: High impedance state 

DS1°DS2 = H: When Q§i =Land DS2 = H 
DS1°DS2 = L: When DS1 =Hor DS2 = L 

WR 

~ L L 

H 

L 

x 

H 

L 

S (SR) 

L 

L 

H 

L_rH 
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EN DO 

L 
!----

H 

L 
H t----1 

H 

Oo 

L 

L HZ 

L 
t----1 

H 
H 

Oo 

L 

C(SR) 

x 

x 

HLL 

L 

REMARKS 

DATA LATCH 

DATA INPUT 
INPUT 
MODE 

HOLD 

RESET 

HIGH IMPEDANCE 

DATA INPUT 

OUTPUT 
MODE 

HOLD 

RESET 

O(SR) INT REMARKS 

H L INTERRUPT 

H H RESET 

L L INTERRUPT 

H H RESET 
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STB -----~..._.... 

MD-----4t---Hl....-CIJ 

111111111111111111111111111111111111m1111111111111 

FUJITSU 

MB 4 71 1111111111111111111111111111111111111111111111111111 

I 
I 
I 

1-++-.i.---1 >-'1'--- 009 

I 
I I 

RESET L.- -- _J L ___ J 
DRIVER 

3-93 



11111111111111111111m11111111111111111111111111111 

FUJITSU 
1111111111111111111111111111111111111111111111111111 MB 4 71 

MD 

DS1 

DS2 

CLR L.J 
STB 

DOn 

( 1 I Data Latch 

The data latch consists of eight 
flip-flops as shown in the Logic 
Diagram. All of the flip-flops are 
D-type. The output Q of the flip­
flop follows the data input D of 
the flip-flop while the clock input 
C of the flip-flop is "H" level. 
When the clock input C returns 
"L" level, the data is latched in 
the flip-flop. The data latch is 
cleared simultaneously upon the 
eight flip-flops through the reset 
input R of each flip-flop by an 
asynchronous reset input CLR. 
The clock input C is not disturbed 
by the reset input CLR. 

(2) Output Buffer 

Each of the data latch outputs Q 
is connected to an output buffer 
as shown in the Logic Diagram. 

FUNCTIONAL TIMING DIAGRAM 

LI LI 

FUNCTIONAL DESCRIPTION 

All of the output buffers are 3-
state and non-inverting type and 
have a common enable line EN. 
This common enable line EN 
either enables all of the buffers 
to transmit the data from the data 
latch outputs Q or disable all of 
the buffers to set its output state 
into a high-impedance. This high 
impedance state allows the MB 
471 to be connected directly onto 
a bi-directional data bus of the 
Fujitsu MBL6800 microprocessor 
or similar devices. 

(3) Control Logic 

The MB 4 71 has the control 
inputs DS1, DS2. MD and STB as 
shown in the Logic Diagram. 
These inputs control the functions 
of device selection, data latching, 

3-94 

LI 

ITTJ 

output buffer state selection and 
service request flip-flop as fol lows: 

(a) DS1, DS2 (Device Selection) 

The device selection inputs 
OS, and DS2 are used for 
device selection and setting 
the service request flip-flop. 
When the input DS 1 is "L" 
level and the input DS2 is 
"H" level, the output of the 
device selection logic is "H" 
level and this device is 
selected. Then, the output 
buffers are enabled and 
simultaneously the service 
request flip-flop SR is asynch­
ronously set. 



(bl MD (Model 

The mode selection input MD the clock input Cs of the data 
is used for controlling the latch and the service request 
output buffer state together flip-flop SR. When the input 
with the output of the device MD is "L" level, the data 
selection logic DS1 •DS2 and latch enables to receive a 
selecting the source of clock clock signal from the input 
signal to the clock inputs C of STB. The clock input of the 
the data latch. When the service request flip-flop SR 
input MD is "H" level, i.e., receives unconditionally a 
output mode, the output clock signal from the input STB 

buffers are enabled and the and the service request flip-flop 

source of clock signal to the SR is synchronously reset by 

data latch is from the device 
the signal. 

selection logic DS1 ·DS2. (d) SR (Service Request Flip· 
When the input MD is "L" Flop) 
level, i.e., input mode, the 
output buffer state is deter· The service request flip-flop 
mined by the device selection 
logic DS1 • DS2 and the 

SR is used to generate and 
control interrupt signal for a 

source of clock signal to the microcomputer system. When 
data latch is from the strobe the input CLR is "L" level, 
inputSTB. 

the SR is set in the non· 

(cl STB (Strobel interrupt state. The output Q 
of SR is connected to an 

The strobe input STB is used inverting input of a "NOR" 

to transmit a clock signal to gate and the other input of 

GUARANTEED OPERATING RANGE 

Item Symbol Range 

Supply Voltage Vee +4.75 to +5.25 

Output High Current loH 1.0 Max. 

Output Low Current loL 15 Max. 

Pulse Width tw 25 Min. 

Data Set-Up Time ts 15 Min. 

Data Hold Time tH 20Min. 

Ambient Temperature TA 0 to +75 

3.95 
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the "NOR" gate is non­
inverting and connected to 
the output of the device 
selection logic DS 1 • DS2. 
When the interrupt output 
mi of the "NOR" gate is 
"LOW" level, it is in the 
interrupt state so as to 
connect to active low input 
priority generating circuits. 

APPLICATIONS 

• Gated Buffer 

• Bi-directional Bus Driver 

• Interrupting Input Port 

• Interrupting Instruction Port 

• Output Port 

• Peripheral Circuit for the Fujitsu 
MBL6800 microprocessor unit or 
similar devices. 

Unit 

v 

mA 

mA 

ns 

ns 

ns 

oc 
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DC CHARACTERISTICS (see NOTE) 

TA= 0°C to +75°C (unless otherwise noted) 

Parameter Symbol 

Output High Voltage 
(Vee= 4.75V, loH = -1 mA, VoH 
VIL= 0.85V, V1H = 2.0V) 

Output Low Voltage 
(Vee= 4.75V, loL = 15 mA, Vol 
VIL= 0.85V, V1H = 2.0V) 

Input High Current 
l1H for DI, DS2, STB, CLR 

(Vee= 5.25V, V1H = 5.5V) 

Input High Current for MD 
l1H (Vee= 5.25V, V1H = 5.5V) 

Input High Current for DS1 
l1H (Vee= 5.25V, V1H = 5.5V) 

Input Low Current for 
DI, DS2, STB, CLR l1L 
(Vee= 5.25V, V1L = 0.4V) 

Input Low Current for MD 
l1L (Vee= 5.25V, V1L = 0.4V) 

Input Low Current for os1 
l1L Nee= 5.25V, V1L = 0.4V) 

Output Short Circuit Current 
1os (Vee= 5.25Vl 

Output Leakage Current 
(High Impedance State, loz 
V CC= 5.25V, Vo = 0.45V /5.5V) 

Power Supply Current 
(All Outputs are High, lccH 
Vee= 5.25Vl 

Power Supply Current 
(All Outputs are Low, lccL 
Vee= 5.25Vl 

Input Clamp Voltage 
V1c (Vcc=4.75V, l1L =-5mA) 

Min. 

3.65 

-

-

-

-

-

-

-

-15 

-

-

-

-
Note: All typical values are at Vee= 5.0V and TA= 25°C. 
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Value 
Unit 

Test 
Typ. Max. Circuit 

4.2 - v Fig. 1 

- 0.45 v Fig. 2 

- 10 µA Fig. 3 

- 30 µA Fig. 3 

- 40 µA Fig. 3 

- -0.25 mA Fig. 4 

- -0.75 mA Fig. 4 

- -1.0 mA Fig. 4 

- -75 mA 
Fig. 5 
Fig. 6 

- ±100 µA Fig. 7 

48 80 mA Fig. 8 

90 130 mA Fig. 8 

- -1.0 v Fig. 9 
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TA= 25°C ± 2°C, Vee= 5.0V, RL 1 = 300 Ohm, RL2 = 600 Ohm, CL= 30 pF (unless otherwise noted) 

Parameter Symbol 
Value 

Unit 
Test 

Min. Typ. Max. Circuit 

tPLH - 20 30 ns 
Propagation Delay Time DI to DO Fig. 10 

tPHL - 16 25 ns 

tPLH - 25 40 ns 
Propagation Delay Time STB to DO Fig. 11 

tPHL - 22 40 ns 

Propagation Delay Time tPLH - 22 40 ns 

DS1/DS2 to DO 
Fig. 12 

tPHL - 24 40 ns 

Propagation Delay Time CLR to DO tPHL - 28 45 ns Fig. 13 

Propagation Delay Time tPLH - 18 30 ns 

DS1/DS2 to INT 
Fig. 14 

tPHL - 20 30 ns 

Propagation ~ Time tPLH - 32 45 ns 
Fig. 15 

CLR/STB to INT 
tPHL - 22 40 ns 

Output Enable Time DS1/DS2 to DO 
(Ru= 10K0hm, RL2= 1K0hm, tpzH - 25 40 ns Fig. 16 
CL= 5 pF) 

Output Disable Time DS1/DS2 to DO 
(Ru= 10K Ohm, RL2 = 1K Ohm, tpHz - 14 30 ns Fig. 16 
CL= 5 pF) 

Output Enable Time DS1/DS2 to DO tpzL - 26 40 ns Fig. 16 

Output Disable Time DS1 /DS2 to DO tPLZ - 20 30 ns Fig. 16 

!Fig. 11, 
Pulse Width tw - - 25 ns 12, 13, 

14, 15 

Data Set-Up Time ts - - 15 ns Fig. 10 

Data Hold Time tH - - 20 ns 
Fig. 11, 

12 

Note: CL includes jig and probe capacitance. 

3.97 
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DC/AC TEST CIRCUIT 

FIG.1 VoH 

V1H 
Ds1IMD 

w .... DS2 al 
< Dl1 I-
z 

V1L 0 
j:: 
u z 
:::> ... 
w 
w Dis Ill 
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STB_ -,__ eLR 

V1L 

FIG.3 l1H 

OPEN DS1 MD 

w 
DS2 

l1H .... Dl1 
al I - < I I-
I- I 

V1H 
Ill I w I I- I w 
I.I.! I 
Ill I 

Dis 

STB 
eLR 

FIG.4 l1L 
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DS2 
w 

l1L .... Dl1 - ! I 
I 

Iii 
I 

V1L 
I 

w I I- I ... 
w I 
fl) I 

Dia 

STB 
CLii 

Vee FIG. 2 Vol 

D01 
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I 
I 
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I 
I 
I 
I 

DOs 
iNf V1H 

L_ 
V1L 
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D01 
I 
I 
I 
I 
I 
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I 
I 
I 
I 

DOs 
INT 

Vee 

D01 
I 
I 
I 
I 
I 
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I 
I 
I 
I 

DOa 
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Vee 

DS1 MD 
w .... 
~ 
I-
z 
0 

~ 

DS2 
D01 

I 

Dl1 I 
I 
I 
I 
I 
I 

:::> ... 
w 
w 
Ill 

I 
I 

Dia DOs 

STB-
INT 

CLR 

--
TEST TABLE 

Input Under 
GND 

Apply 
Open 

Tasting Vee 

Dl1-Dl9 
MD DS1 DS2 STB, 

CLR 
L-

Dl1- Dis 
DS1 MD STB DS2, 

CUi 

DS2. All Inputs 
Dl1-Dla, - - Except 

STB, Under 
CLii Tasting 

TEST TABLE 

Input Under 
GND 

Apply 
Open 

Tasting Vee 

Dl1-Dla 
MD DS1 DS2 STB, 

CLR 

Dl1-Dls 
DS1 MO STB ~ 

CLR 

DS2' All Inputs 
Dl1-Dla, - - Except 

STB, Under 
CLii Tasting 



FIG. 5 •os Vee 
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FIG. 8 •cc 

OPEN 

3.99 

11111111111111111111111111111111111m11111111111111 

FUJITSU 

MB 4 71 1111111111111111111111111111111111111111111111111111 

Vee 
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FIG. 10 tPLH/tPHL (DI TO DO) 
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FIG. 11 tPLHltPHL (STB TO DO) 
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INPUT 
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DOn 

-------VOL 

3-102 



FIG. 13 tPHL (CLR TO DO) 
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INPUT 
WAVE 
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INPUT 
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PACKAGE DIMENSIONS 

24-LEAD PLASTIC DUAL IN-LINE PACKAGE 

INDEX 
1 
.532 TYP. 

~~~l 
.. 1 

~ 
.047~ 
. 059 

"'MAX. J 1-- I l --l ~ :g~~ .:.._j .100 TYP. 

3-107 

.020 MIN. 

.200 MAX . 

.118 MIN . 
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ff T 
.600 .600 

TIP.I .654 

~---+-1 
.009 
.014 

DIMENSIONS IN MILLIMETERS 
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HEX THREE-STATE BUFFER/INVERTER 

The Fujitsu MB 485/MB 486/MB 487/ 
MB 488 are 3-state buffers/inverters 
each of which consists of six buffer 
gates and control logic. These devices 
are the most suitable for address 
buffer of the Fujitsu MBL6800 
microprocessor unit or similar devices. 

The MB 485/MB 486 include a 2-input 
enable logic which controls the six 
buffers, and MB 487/MB 488 include 
two enable logics, one of which 
controls the four buffers and the other 
controls two buffers. While the 
MB 485/MB 487 are non-inverting 
type, the MB 486/MB 488 are 
inverting type. 

• Shottky clamped TTL 

• 3- state outputs 

• High speed operation: 8.0 ns typ. 

• Single +5V power supply 

• eonnectable to the Fujitsu MB 
74LS (Logic Series)/MBL 6800 
MPU or similar devices 

• Pin compatible with Motorola 
Xe6885/Xe6886/Xe6887 /Xe6888 
and Signetics 8T95/8T96/8T97 I 
8T98, respectively 

• Low input load current by using 
PNP transitor: 0.4 mA max. 

PIN ASSIGNMENT 

ENABLE 1 

INPUT A 2 

OUTPUT A 3 

INPUT B 4 

OUTPUTS 5 

INPUTe 6 

OUTPUTe 7 

GND 8 

(TOP VIEW) 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol 

Vee Pin Potential to GND Pin Vee 

Input Voltage Vi 

Operating Temperature Top 

Storage Temperature Tstg 

Vee 

ENABLE 2 

INPUT F 

OUTPUT F 

INPUT E 

OUTPUT E 

INPUT D 

OUTPUT D 

MB485 
MB486 
MB487 
MB488 

Value Unit 

+7.0 Max. v 

+5.5 Max. v 

-15to+ 75 oe 

-40 to +125 oe 

• Standard 16-pin dual-in-line 
package 

Note: Permenent device damage may occur if ABSOLUTE MAXIMUM RATINGS 
are exceeded. 

3-108 
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FUNCTIONAL DESCRIPTION/APPLICATION INFORMATION 

BLOCK DIAGRAM/FUNCTION TABLE 

ENABLE 2 ENABLE 1 INPUT OUTPUT 
L 
L 
L 
H 
H 

L 
L 
H 
L 
H 

ENABLE 
L 
L 
H 

L: LOW LEVEL 
H: HIGH LEVEL 

L 
H 
x 
x 
x 

INPUT OUTPUT 
L L 
H H 
x 0 

0: HIGH IMPEDANCE STATE (OPEN) 
X: IRRELEVANT 

L 
H 
0 
0 
0 

ENABLE 2 ENABLE 1 
L L 
L L 
L H 
H L 
H H 

ENABLE INPUT 
L L 
L H 
H x 
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INPUT OUTPUT 
L H 
H L 
x 0 
x 0 
x 0 

OUTPUT 
H 
L 
0 
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APPLICATIONS 

• Address Buffer on the Fujitsu MBL 6800 microprocessor unit or similar devices. 

• Level Converter of TTL/DTL or MOS/CMOS to 3-state TTL bus level 

GUARANTEED OPERATING RANGE 

Supply Voltage (Vccl Ambient 
Part Number Temperature 

Min. Typ. Max. 

MB 485, MB 486, MB 487, MB 488 +4.75V +5.0V +5.25V 0°C to+ 75°C 

AC CHARACTERISTICS 

(Vee= 5.0V, TA= 25°C unless otherwise noted) 

Parameter Symbol Min. Typ. Max. Unit 
Test 

Circuit 

MB 485/MB 487 3 7 12 

tPLH ns Fig. 14 
Propagation Delay MB 486/MB 488 4 7 11 
Input to Output 
(RL = 200 ohm, CL= 50 pF) MB 485/MB 487 3 9 13 

tPHL ns Fig. 14 
MB 486/MB 488 3 6 10 

MB 485/MB 487 3 6 12 
tPLO(E) ns 

Propagation Delay MB 486/MB 488 5 10 16 Fig. 15 
Enable to Output 
(RL = 200 ohm, CL= 5 pF) MB 485/MB 487 3 5 10 

Fig. 16 

tPHO(EI ns 
MB 486/MB 488 3 6 10 

MB 485/MB 487 12 14 25 
tpoL(El ns 

Propagation Delay MB 486/MB 488 11 18 24 Fig. 15 
Enable to Output Fig. 16 
(R L = 200 ohm, CL= 50 pF) MB 485/MB 487 8 19 25 

tpoH(E) ns 
MB 486/MB 488 7 15 22 

Note: CL includes jig and probe capacitance. 
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DC CHARACTERISTICS 

(TA= 0°C to +75°C unless otherwise noted) 

Parameter Symbol Min. 

Output High Voltage (Vee= 4.75V, loH = -5.2 mA) VoH 2.4 

Output Low Voltage (Vee= 4.75V, loL = 43 mA) Vol -

Input High Current for Inputs 
llH(I) -

(Vee= 5.25V, V1H(I) = 2.4V) 

Input High Current for E 
l1H(EI -

(Vee= 5.25V, V1H(E) = 2.4V) 

Input Low Current for Inputs 
llL(I) -

(Vee= 5.25V, Vi L(I) = 0.5V) 

Input Low Current for E 
l1L(E) (Vee= 5.25V, V1L(E) = 0.5V) -

Output 3-State Current (Vee= 5.25V, VoH = 2.4V) loz1 -

Output 3-State Current (Vee= 5.25V, Vol= 0.5V) 1022 -

Output Short Circuit Current (V CC= 5.25V) 1os -40 

Power Supply Current for MB 485/MB 487 
Ice -(Vee= s.2sv) 

Power Supply Current for MB 486/MB 488 
1cc (Vee= 5.25V) -

Input Clamp Voltage (Vee= 4.75V, I 1c = -12 mA) Vic -

Output Clamp Voltage (Vee= OV, loc = -12 mA) Voe -

Input Voltage Rating 01 = 1.0 mA) v, 5.5 

Input High Voltage (Vee= 4.75V, TA= 25°C) V1H 2.0 

Input Low Voltage (Vee= 4.75V, TA= 25°C) VIL -
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Typ. Min. Unit 
Test 

Circuit 

3.0 - v Fig. 1 

- 0.5 v Fig. 2 

- 40 µA Fig. 3 

- - 40 µA Fig. 4 

- -400 µA Fig. 5 

- -400 µA Fig. 6 

- 40 µA Fig. 7 

- - 40 µA Fig. 8 

-80 -115 mA Fig. 9 

65 98 mA Fig. 10 

59 89 mA Fig. 10 

- -1.5 v Fig. 11 

- -1.5 v Fig. 12 

- - v Fig. 13 

- - v -

- 0.8 v -
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FIG.1 VoH 

TEST TABLE 

PART NO. DIA-F 

MB485, MB487 o.sv 
MB486, MB488 2.0V 

FIG. 2 VoL 

TEST TABLE 

PART NO. DIA-F 

MB485, MB487 o.sv 
MB486, MB488 2.0V 

FIG 3. l1H(I) 
Vee • 

o.sv 

ffi 

EN2 

DIA DOA 

Die DOB 

Die DOe 

DID DOD 

DIE DOE 

Dlf DOf 

o.sv 

EN1 

EN2 

w DIA ... 
Ill Die 
c( ... Die ... 
(I) 

DID w ... 
w Die w 
(I) 

Dlf 

O.BV u-------. 

w _, 
Ill 
c( ... 
Iii 
w ... 
w 
w 
(I) 

FIG. 4 llH(E) 

OPEN 
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EN1 

EN2 

DIA 

Die 

Die 

DID 

DIE 

Dlf 

Vee 

DOA 

DOB 

DOe 

DOD 

DOE 

DOf 

Vee 

DOA 

DOB 

DOe 

DOD 

DOe 

DOf 

- -- -
Vee 



FIG. 5 l1L(I) Vee 

o.sv 

EN1 

EN2 

DIA DOA 

Dis DOB 

Die DOe 

DID DOD 

Die DOE 

DIF DOF 

FIG. 7 loz1 

TEST TABLE 
-

PART NO. DIA-F EN1 

2.0V 
o.sv 

MB485, o.sv 
MB486 

2.0V 
2.0V 

o.sv 

MB487, O.SV 
2.0V MB488 2.0V 

FIG. 8. loz2 

TEST TABLE 

PART NO. DIA-F EN1 

2.0V 
o.sv 

MB485, 
O.SV 

MB486 2.0V 
2.0V 

o.sv 

MB487, o.sv 
2.0V MB488 2.0V 

FIG. 6 llL(E) 

OPEN 

EN2 

o.sv 
2.0V 

o.sv 
2.0V 

2.0V 

EN2 

o.sv 
2.0V 

o.sv 
2.0V 

2.0V 
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V1L 

w 
-' 
Ill 
<t 
I-

!;; 
w 
1-
w 
w 
VJ 

w 
-' 
Ill 
<t 
I-
I-
VJ 
w 
I-
w 
w 
VJ 

OPEN 
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Vee 

EN1 

EN2 

DIA DOA 

Dis DOB 

Die DOe 
OPEN 

DID DOD 

Die DOe 

DIF DOF 

--
Vee 

Eiii1 

Erii2 

DIA DOA 

Dis DOB 

Die DOe 

DID DOD 

Die DOE 

DIF DOF 

Vee 

EN1 

EN2 

DIA DOA 

Dis DOs 

Die DOe 

DID DOD 

Die DOe 

DIF DOF 
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FIG 9. 'os Vee 

EN1 

Eiii2 
TEST TABLE 

DIA DOA 
PART NO. DIA.F Dis DOB 

MB485, MB487 4.5V Die DOe 
MB486, MB488 ov DID DOD 

DIE DOE 

DIF DOF 

--
FIG.10. Ice 

Vee 
4.5V 

Vee FIG.11 Vic 

+iee 

EN1 ENi 

EN2 Eiii2 
DIA Do,t\ DIA DOA 

Dis DOB Dis DOB 

Die DOe 
OPEN 

DID 

Die DOe 
OPEN 

DID DOD 

DIE DOE DIE DOE 

DIF DOF Dlf DOF 

FIG.12 Voe FIG.13 V1 
Vee Vee=OPEN 

EN1 EN1 

EN2 EN2 

DIA DOA 
OPEN 

Dis DOB 

Die DOe 

DID DOD 

DIE DOE 

11 DIA DOA -- Dis DOB 

r 
Die DOe 

I OPEN 
I DID DOD 

V1 DIE DOE 

DIF DOF l Dlf DOF 
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INPUT 
WAVE Vee 

- EN1 -
EN2 

DIA 

Die 

Die 

500HM DID 

Die 

DIF 

--
--

INPUT 

tPHL 

OUTPUT 
MB486 
MB488 

tPLH 

OUTPUT 
MB485 
MB487 

OUTPUT 
WAVE 

DOA 

DOe 

DOc 

DOD 

DOe 

DOF 

tPLH 

tPHL 
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Vee 

rL-;;D- - - -, 
I CIRCUIT I 

I 
I 
I 

CL I 
I 
I 

L.- - - - _...J 

--
3V 

ov 

VoH 

tTHL = 'TLH .;; 10 ns 
f = 1.0 MHz 

VoL 

VoH 

VoL 
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FIG. 15 tpLQ(E°)/tpHQ(E°)/tpoL(E)ltPOH(E) FOR MB 485 AND MB 487 

INPUT OUTPUT 
WAVE Vee WAVE Vee 

,....--------1 EN1 I LOAD 
CIRCUIT 

P.G. EN2 I RL I 
DIA DOA I 

500HM Die DOe I 
Die DOc 

(OFF AT tPQHl I 
DID DOD - DIE DOE I -
DIF DOF CL I 

2.0V I 
..d (OFF AT tpoLl I "':" I tPHO tpLQ I -

-----~ -
tPOH tPOL L 

- -- -
0.5V 

VoH t 3.0V 

OUTPUT ~01af }'" ENABLE 
(1.5V 

"'"'''- { 0 

ENABLE OUTPUT 1.5V 

0 

1.5V 

VoL 

3.0V 3.0V 

ENABLE 
-1.sv. l" ENABLE 

0 _,., -, 0 
OUTPUT 

VoL VoH 

tpLolEl OUTPUT 1.5V 
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FIG. 16 tPLO(E°)/tpHO(EVtPoL(E)/tpoH(E) FOR MB 486 AND MB 488 

INPUT 
WAVE Vee 

Eiiii 

P.G. EN2 
DIA 

500HM Die 

Die 

DID - Die -
Dlf 

2.0V 

...d "':" I 1PLO tpHol --
1POL 1POH 

0.5V 

VoH-------~· 

DOA 

DOe 

DOc 

DOD 

DOe 

DOf 

OUTPUT ~~ 4 
1PHolEI ,~~C' ____ ( 1.SV 

,1.5V 

0 

3.0V 

o----OUTPUT 

3.117 

OUTPUT 
WAVE Vee 

,...-,--------1 I LOAD 
CIRCUIT 

I RL I 
I 

I I 
IOFF AT 1PQHI I 

I I 
I CL I 
I I 
I IOFF AT 1PQLI I 
I -----~ L 
- -- -

}'" 
3.0V 

ENABLE 

"°'"' { 
0 

OUTPUT 1.5V 

VoL 

3.0V 

~ ... ENABLE 

..... ~ ·;:. 0 

VoH 

OUTPUT 1.&V 
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PACKAGE DIMENSIONS 

16 

INDEX 

1.20(0.0411 I I 
1.50(0.059) --i ~ 

9 

0.5 MIN. (0.0197) 

r---20(~.~:fx·----i_-+--+-5.0 MAX. Ir-- ~I (0.197) 

1.25MAX. 
(0.049) 

I I I 2.54 TYP. t- r---t- (0.100) 

o.40(0.0161 11 
0.59(0.023)--1 r-

3-118 

0.24(0.009) 
0.36(0.014) 

3.0MIN. 
(0.118) 

I 1.60(0.2991 I 
1--9.00(0.354)--1 

Dimensions in millimeters 



Sales Offices /Representatives 

SALES OFFICES 

Fujitsu America, Inc. 
2945 Oakmead Village, Ct. 
Santa Clara, CA 95051 
(408) 985-2300 
TWX 910-338-0047 
Fujitsu America, Inc. 
Jack Foster 
5910 E. Exeter Blvd. 
Phoenix, AZ 85018 
(602) 994-9179 

REPRESENTATIVES 

Alabama 
Hughes Associates, Inc. 
717 Pratt Ave., N.E. 
Box 33 
Huntsville, AL 35801 
(205) 536-2127 
Arizona 
DAR-C, Inc. 
7360 Acoma Dr., Suite 13 
Scottsdale, AZ 85260 
California 
Reed Electronic Marketing 
P.O. Box 206 
Los Alamitos, CA 90270 
(714) 821-9600 
TWX 910-341-7295 
Reed Electronic Marketing 
11772 Sorrento Valley Rd. 
Suite 160 
San Diego, CA 92121 
(714) 452-1456 
TWX 910-322-1131 
Straube Associates 
483 Willow Rd. 
Menlo Park, CA 94025 
(415) 321-9050 
TWX 910-373-1790 
Colorado 
Straube Associates 
3699 W. 73rd Ave. 
Westminster, CO 80030 
(303) 426-0890 
Connecticut 
Comp Rep Associates 
22 Broadway 
North Haven, CT 06473 
(203) 239-9762 

Florida 
Lawrence Associates, Inc. 
235 Maitland Ave., Suite 111 
Maitland, FL 32751 
(305) 647-1188 
TWX 810-853-0260 
Lawrence Associates, Inc. 
1932 Drew St. 
Clearwater, FL 33518 
(813) 443-2698 
Illinois 
Sieger Associates 
1701 Carmen Dr. 
Elk Grove Village, IL 60007 
(312) 956-0963 
TWX 910-222-2170 
Kansas 
Engineering Services Company 
7830 State Line Rd. 
Prairie Village, KS 66208 
(913) 649-4000 
Maryland 
Component Sales, Inc. 
1726 Reisterstown Road 
Baltimore MD 21208 
(301) 484-3647 
Massachusetts 
Comp Rep Associates 
340 Hunnewell St. 
Needham Heights, MA 02194 
(617) 444-2484 
TWX 710-325-6907 
Minnesota 
HMR Incorporated 
7200 France Ave., South 
Minneapolis, MN 55435 
(612) 831-7400 
TWX 910-576-2755 
Missouri 
Engineering Services Company 
8420 Delmar Blvd. 
St. Louis, MO 63124 
(314) 997-1515 
New Mexico 
Straube Associates 
P.O. Box 14689 
Albuquerque, NM 87111 
(515) 265-7759 
North Carolina 
Component Sales, Inc. 
P.O. Box 18821 
Raleigh, NC 27609 
(919) 782-8433 
TWX 510-928-0513 
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Ohio 
McFadden Sales 
4645 Executive Dr. 
Columbus , OH 43220 
(614) 459-1280 
TWX 810-482-1623 
Pennsylvania 
Bresson Associates, Inc. 
107 Forrest Ave. 
Narberth, PA 19072 
(215) 664-6460 
TWX 510-662-4468 
Tennessee 
Gillum Sales, Inc. 
P.O. Box 1915 
Morristown, TN 37814 
(615) 587-2770 
Texas 
William Reese Associates 
3131 Stemmons Freeway, Suite E 
Dallas, TX 75247 
(214) 638-6575 
TWX 910-861-4274 
William Reese Associates 
4151 Southwest Freeway, Suite 105 
Houston, TX 77027 
(713) 621-3134 
Utah 
Straube Associates 
P.O. Box 9248 
Mill Creek Station 
Salt Lake City, UT 84109 
(801) 943-5650 
TWX 910-925-5817 
Washington 
Olson, Ferree and Associates 
P.O. Box 3307 
Bellevue, WA 98009 
(206) 454-1210 
TLX 328-951 (Rosemarys) 
Canada 
Cantec Representatives, Inc. 
41 Cleopatra Dr. 
Ottawa, Ontario, Canada K2GOB6 
(613) 225-0363 
TWX 610-562-8967 
Cantec Representatives, Inc. 
15432 Oakwood St. 
Pierrefonds, Quebec, Canada H9H 1 Y2 
(514) 620-3121 
Cantec Representatives, Inc. 
624 Elliot Crescent 
Milton, Canada L9T3G4 
(416) 624-9696 
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