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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, worldwide, 1ts 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

— ICs. Shipments of the company's
‘M’ series — the world’s first fourth-
generation, all-LSl, 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 ICs was dictated by its
internal computer and telecommunica-
tions needs. The new Fujitsu policy

of selling 1Cs to independent cus-
tomers means that designs are now
dictated primarily by market require-
ments. A good example is FAI'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 ICs 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.

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 EROM:s, 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
1Cs that come as close to ‘Zero
Defects' as technology permits. The
company intends to remain a quality
manufacturer.



Product Reliability

To deliver ICs 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’ lines — 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
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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
FAIl must be prepaid.

WARRANTY

FAIl 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 FALI 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

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

FAIl'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 FAl memory device
for your particular application? How
can FAl 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

vi

NR: Not Required

* Note: Clock Driver

. Access | Cycle Power 'R\;‘g?'
Device Organi- Time | Time . " | Clock | Output Alternate
Number Description zation Max | Min Su:)p;les pat;&n Level | Level Case Source | PG.NO.
(ns) (ns) v (mW)
Silicon Gate NMOS
MB 8107N 4096 Bit Dynamic High 4096x1 300 470 | +12, +5| 680 MOS TTL DiP22-A 121078
E Speed with Single 250 430 680 3-State . T1 4060 1-3
H Phase Clock 200 400 680
Y 150 350 760
'MB 8215E 4096 Bit Dynamic High 4096x1 100 220 +12, | 530 MOS | Current DIP22-A
H* Speed with Single 70 220 -5.2, | 530 Mode — 1-1
Phase Clock +7 .
MB 8224N 4096 Bit Dynamic High 4096x1 280 450 |+12, 5| 460 TTL TTL DIP16-A,B,D | MK 4096
E Speed 230 370 460 3-State 1-23
H* 200 350 460 .
MB 8227N 4096 Bit Dynamic High 4096x1 250 375 [+12, +5| 470 TTL TTL DIF18-A,B,0 | MK 4027
E Speed (gated CAS, RAS 200 375 470 3-State : L 1-32
‘H Only Refresh and Page 150 320 470
Mode Capability)
MB 8116E 16K Bit Dynamic High 16384x1 200 375 |+12, t5| 460 TTL TTL DIP16-A,B MK 4116
H Speed 150 375 460 3-State 1-44
Y 120 320 460
* Note: Coming Soon
STATIC RANDOM ACCESS MEMORIES
Access | Cycle Power .
Power Dissi-
Device : Organi- Time Time Output Alternate
Number Description zation Max Min Su&))lles pat;())(n Level Case Source
(ns) (ns) (mW)
Silicon Gate NMOS
MB 8101N 1024 Bit StaticRAM 256x4 450 450 +5 370 TTL DIP22-A 12101 1-56
E* 250 250 370 3-State .
M8 8111N 1024 Bit Static RAM 256x4 450 450 +5 370 TTL DIP18-A 12111 1-64
E* 250 250 370 3-State
MB8102 1024 Bit Static RAM 1024x1 | 450 450 +5 370 3:rsl'al-m DIP18.A,B8 | 12102 1-7
MB 8112N 1024 Bit Static RAM 256x4 450 450 +5 370 TTL DIP16-A, B 12112 1-79
E* 250 250 370 3-State
MBM 2115N | 1024 Bt Static Ultra 1024x1 120 120 +5 340 TTL DIP18-A, B 12115
E Fast Low Power 95 95 340 Open-Drain . . 1-87
H 70 70 520
Y 45 45 680
MBM 2125N 1024 Bit Static Ultra 1024x1 120 120 +5 340 TTL DiP16-A, B 12125
E Fast Low Power 95 95 340 3-State
H 70 70 520
Y 45 45 680 . :
MB 8114* 4096 Bit Static Ultra 1024x4 150 150 +5 480 TTL DIP18-A 12114 194
Fast Low Power 3-State . -
* Note: Coming Soon
Interface Memory Compatibility 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 - MB 8916
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READ ONLY MEMORIES

Power
Access Program-
‘ Power Dissi-
Device . Organi- Time ming Output Alternate
Number Description zation Max Su:)\;/) ;nes pﬁ/f;?(n Time Level Case Source PG.NO.
(ns) (mW) (sec)
- w
Silicon Gate NMOS o
MB 8518E 8192 Bit Erasable ROM | 1024x8 650 +12, 5 800 100 TTL DiP24-A 12708 (T
H 450 (Typ) 3-State 1-99 Q
MB 8308N 8192 Bit Mask ROM 1024x8 450 +12, 5 775 _ TTL DIP24-B 12308 1 (o]
E* 250 3-State -110 =
* Note: Coming Soon Q
- - :
Bipolar Memories =
o
RANDOM ACCESS MEMORIES
Access S%Telgt Power
" . Time Power | Dissi-
Device Organi- Access Input Qutput Alternate
Description Max Supply | pation Case
Number zation | (pon) 1'\'/"2:(9 ) Max | Level Level Source
(ns) (ns) (mW)
Bipolar
MB 7047 128 Bit ECL Ultra Fast 128x1 |14 (9) 8.5 -5.2 520 ECL ECL DIP16-A,B| MCM 10147 |24
MB 7042 256 Bit ECL Ultra Fast | 256x1 |16 (9) | 9 -6.2 | 750 | ECL ECL DIP16-A,8 ] MCM 10152 1212
MCM 10144
MBM 10410 | 256 Bit ECL 256x1 |35(20) | 12 | -5.2 | 680 | ECL ECL | DIP1B-AB| F 10410 220
MBM 10415 1024 Bit ECL 1024x1 |60(35) | 30 -5.2 780 ECL ECL DIP16-AB | F 10415 2.26
MBM 10415A | 1024 Bit ECL 1024x1 | 35(25) | 10 -5.2 780 ECL ECL DIP16-A,B | F 10415A
MBM 93415 1024 Bit TTL 1024x1 | 70(40) | 40 +5 815 TTL ETL coll DIP18-A,B| F 93415
pen Coll.
2-34
MBM 93415A {1024 Bit TTL 1024x1 |45(30) | 30 +5 816 TTL TTL DIP18-AB | F93415A
Open Coll.
MB7071N 1024-Bit ECL 256x4 [15(12) | — -5.2 [ 1000 | ECL ECL QiT24 J—
H 256x4 (10 (7.5) 2.42
MB7072 N 1024 Bit ECL 256x4 |[15(12) — -5.2 | 1000 ECL ECL DiP 22-A -
H 256x4 |10 (7.5)
PROGRAMMABLE READ ONLY MEMORIES
".\rcif::s ':)OI:’:' Bit Pro- | Chip Pro- A
Device Organi- Power " |gramming | gramming Output ternate
Number Description zaglon ('\1/_‘3;) Supply p?‘;';;" Time Time Level Case Source
(ns) (mW) Typ (us) | Max(ms)
Bipolar
MB 7051 256 Bit TTL 32x8 |75(40) +5 525 10 256 3-State DIP16-AB,C IM 5610 2.50
MB 7056 ' 256 Bit TTL 32x8 |75(40) +5 525 10 256 Open Coll. |DIP168-A,B,C IM 5600
MB 7052 1024 Bit TTL 256x4 | 70(40) +5 685 10 1024 3-State DIP16.A,B,C IM 5623 2.62
MB 7057 1024 Bit TTL 256x4 | 70(40) +5 685 10 1024 Open Coll. [DIP16-A,B,C IM 5603
MB 7053 2048 Bit TTL 512x4 | 70(40) +5 735 10 2048 3-State DIP16-A,B,C IM 5624 274
MB 7058 2048 Bit TTL 512x4 | 70(40) +5 735 10 2048 Open Coll. [DIP16-A,B,C IM 5604
MB 7054 4096 Bit TTL 1024x4 |70 +5 685 10 4096 3-State DIP18-AC 1M 56526 2.86
MB 7059 4096 Bit TTL 1024x4 | 70 +5 685 10 4096 Open Coll. |DIP18-A.C IM 56506 3
/ uPD 406D
MB7056 8192 Bit TTL 1024x8 | 250 +5 500 10 8192 3-State DIP 24-8 | 2708 298
MB7060 8192 Bit TTL 1024x8 | 250 +5 500 10 8192 Open Coll. | DIP 24.8 —_—

vii
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Interface Devices

MEMORY PERIPHERAL CIRCUITS

. Supply
&:ﬁgr Description SL'EC:: Logic V((){;c;:ge Characteristics Case PG. NO.
MB8901 Quadruple TTL-MOS Level TTL/MOS NAND Vce1=5 tp L =20nsMAX DIP16-A,C
Shifter/Driver Vee2=9~17 | tp H=23nsMAX 33
(at C_=300pF, tc=600ns)
MB 8902 | Quadruple TTL-MOS Level TTL/MOS AND Veer=5 tpy L =20nsMAX DIP168-AC
Shifter/Driver Vee2=9~17 | tpLH=23nsMAX 39
(at C_=300pF, tc=200ns)
MB 8907P | Quadruple TTL-MOS Level TTL, DTL NAND Vee=5 tpHL=23nsMAX DiIP16-A,C
Shifter/Driver /MOS Vpp=9~17 tpLy=27nsMAX 315
(at C, =300pF)
MB 8909 Dual 2 Input Positive NOR CML/MOS NOR V=5 tpy =17nsMAX DIP16-A,C
CML to MOS Level Shifter Vpp=7~13 tp H=20nsMAX 321
Vgg=-5.2 (at C_=300pF, tc=250ns)
MB 8903 Quadruple 2 Input or ECL to ECL/MOS OR Vec=5 tpy =18nsMAX DiP16-A,C
MOS Level Shifter/Driver Vgg=-5.2 tpLy=13nsMAX 3-25
(at C|_ =300pF)
MB 8911 Dual Line Receiver (TTL TTL Vee=5b tpy L =26nsMAX DIP14-A |
Compatible, Open Collector J— Vgg=-6.0 tpp H=28nsMAX 332
Output) (at C_=15pF)
MB 8912 | Dual Digit Driver/Sense TTL V=5 trd=22nsMAX DIP16-A,C 336
Amplifier (TTL Compatible) _ Vgg=-56.2 (at C_=30pF)
MB 8915 Dual Digit Driver/Sense TTL Vee=5b trd=27nsMAX DiP16-A,C
Amplifier (TTL Compatible, e VEgg=-6.0 (at C_=15pF) 3-39
Open Collector Output)
MB8916 | Dual Sense Amplifier with ECL Vee=5 trd=6nsTYP DIP16-AC
Read Strobe (ECL Compatible) — Va8 (at C_=15pF) 354
Vgg=-5.2
PERIPHERAL INTERFACE CIRCUITS
Characteristics (T A=0~70°C)
Device Signal Alternate
Description Supply Power Case
Number Level Voltage Fan-Out | Dissipation tpd Source
(V) (mW/gate)
MB 424 4 Bit Bus Driver/Receiver TTL 5.0 15 =40mA 60 15 [DIP16-A,B,C,D| 8T26 —[
C, =300pF 3-50
MB 425 4 Bit Bidirectional TTL 50 IOL=SOMA 85 17 |DIP16-A,B,C,D| 13216/8216
Bus Driver (non Inverting) CL=300pF 3-69
MB 426 4 Bit Bidirectional TTL 5.0 IOL=50mA 70 15 DIP16-A,B,C,D| | 3226/8226
Bus Driver (Inverting) CL=300pF 3-80
MB 471 8 Bit Input/Output Port TTL 5.0 lo =16mA 400* 20 |DIP24-B 18212/3212 | 391
MB 485 Hex Three-State Buffer TTL 5.0 lo =48mA 50 8 DIP16-A,B,C,.D| 8T95
MB 486 Hex Three-State Inverter TTL 5.0 1o =48mA 40 8 |DIP16-A,B,CD| 8T96
MB 487 Hex Three-State Buffer TTL 5.0 loL=48mA 60 8 |DIP16-A,B,C,D| 8T97
MB 488 Hex Three-State Inverter TTL 5.0 loL=48mA 50 8 |DIP16-A,B,C,D| 8T98 3108

* Note: Total Power Dissipation per Package

viii
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Pin Configurations

Vecy X, A, B, By A; X, NC Vec1GNDy Oy Voo, Vecp Op GNDy Vi Ve X; GND X, Vgo X5 GND X,

fe _f5 g 3 i3 [ [ (5] e [i5 [14 [ (2 i1 fio] [e [ 5 (4] [ [ [ [id [o]
D) D) 7]
3
- g
K1 E3| Ll G e L L] T B ™ B 18 07 ] T o] (o) o] [ L8] =
Vecz X, A, B, B, A, X, GND In iz NC NC NC GNDg 1y Iy GND A, B, A, A; B, A, Vg Q
[=
MB 8901/8902/8907P MB 8909 MB 8903 a
(]

Strobes S I
Vet Vee 2A 2B NC 2Y 26 Vec Stb, Dout, Vg Dout, S, b, D, GNo‘ouTgourzR S, Veea INJ INJ Voo,

ffa 3] [i2] [ [io [8] [®]

DT T 0T 6T U DT T2 [o] 1o To] (o] [ 16
1A 18 NC 1Y 16 S GND ; GND, OUT,0UT, RS Ve, INT INT Vg
Strobes
MB 8911 MB 8912/8915 MB 8916
Vec DE RO, DB, Di; RO, DB, DI, Voo DCE RO, DB, DI, RO, DB, DI, Vec DCE RO, DB, DI, RO, DB, DI,
6] [15] [1a] [i3] [i2] [i7] [i9 [o el [15] [4] 3 f2] 7] [i9 [o] el .[i8] [ [3] [i2] [s]

iy 3] [elrdly) [oalhdl
arar ARGy RhGr

O T B o 1 e

e |

5] 7] (8 O T2 I3 [oF Ts] TeT [T T8 Ll 2] 8] 7] [
RE RO, DB, DI, RO, DB, DI, GND CS RO, DB, DI, RO, DB, DI, GND €S RO, DB, DI, RO, DB, DI, GND
MB 424 MB 425 MB 426
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Pin Configurations (con’t)

iNt b0, DO, DO; DO, DO; DOg DO, DOy
Service Request Output Buffer
Flip Flop ——{=———t—-—t——t——1-——-F——t1——--F>41
_ |
Vee INT Dlg DOg DI, DO, Dlg DOg DIy DOg CLR DS, 7 |
24232 232d[ro| [r&|[1 ][ el [rs|[1 4|1 3] — = —E=—=—f==—g=-=c=fF==g=== ..__:;
Data Latch
a LRl [@rLI[e sLifosLi[@ Rl ] [ rL [0 rET
DC DC DC DC DC DC UC DC ]
|
o
K1} 33| 33 3] 2 | Y Y ) o, D Dy D Dy Dlg DI, Dl
6§, MD DI, DO, DI, DO, DI, DO, DI, DO, STB GND
Reset Driver CLR
o Device Selection
STBOO 00DS
o 53° °% MB 471
Vee E; g O lg Og 1 O, Vee B le Op e O¢ 1p Op Vee B le O 1g O 15 Op
fie] [1s] [ia] i3] 2] [ fio] [o '] [s] fa] [13] 2] [ [io] [ el [is] 4 {3l [i2] [i7] fio] [o

E GI W o O O] &I G BT o] [e] 0T (& T G & ©
E, 1, 04 13 0g 1. Og GND E, 1, O, !y 05 Ig Oc GND E, 1, 0, lg 05 Ic Oc GND
MB 485 MB 486 MB 487
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Package Designs

Case DIP 16-A Case DIP16-B
Ceramic (Frit seal) Ceramic (Metal Seal)

Case DIP14-A
CERDIP

Case DIP16-C Case DIP16-D
CERDIP Molded Plastic

Case DIP18-A Case DIP18-B Case DIP18-C
Ceramic (Metal Seal) Molded Plastic CERDIP

Case DIP22-A Case DIP24-A Case DIP24-B

. " Ceramic Ceramic (Metal Seal)
Ceramic (Frit Seal) (with transparent lid)

xi



xii



R MOS

FUJITSU Memories

IRTIID




1-2



MB 8107N/E/H/Y

IR mos 4096-BIT
DYNAMIC RAN

FUJITSU DOM
Iy ACCESS MEMORY

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

MB 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
Ag to Ag must be exercised within

2 milliseconds.

® High-density 4096 x 1 organization

® TTL compatible interface (except

CE)

e 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

CASE DIP22-A
CERAMIC PACKAGE

PIN ASSIGNMENT

U/
Ves[ |1 2| |Vss
As[ |2 21| Ag
ABSOLUTE MAXIMUM RATINGS (See Note) Ao []3 20 JAr
A1q 4 19 Ag
Rating Symbol Value Unit _ |: :I
sl s 18 Jvoo
Input/Output with Respect to Vgg Vin, VouT| -03to+22 |VDC o s 17 ce
- f—
X)DVD' Vg and Vgg with Respect _ ~0.3 to +22 VDC oUT [: 7 16 ___] NC
BB L 15[ ]As
Temperature Under Bias Ta 0to +70 °c Ay E 9 14 :] A4
Storage Temperature Tetg ~65 to +150 °c Az [ 10 13 JAs
Vee 1 12| |WE
Power Dissipation Pp 1.25 w l: j

Note:

Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS

are exceeded. Functional operation should be restricted to the conditions

as detailed in the operational sections of this data sheet. Exposure to

absolute maximum rating conditions for extended periods may affect device

reliability.

This device contains circuitry to protect the
inputs against damage due to high static
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 Vgg)

Parameter Symbol Min Nom Max Unit
Supply Voltage Vpp 1.4 12.0 12.6 \
Vee 4.75 5.0 5.25 \"
Vs —4.75 —5.0 —5.25 \
Vss 0.0 0.0 0.0 \"
Input High Voltage Vi 24 — Veetl \
Input Low Voltage ViL -1.0 — 0.6 \
CE Input High Voltage ViHe Vpp—1 — Vpp+t Vv
CE Input Low Voltage ViLe -1.0 — 1.0 \%
DC CHARACTERISTICS
Parameter Symbol Min Typ Max Unit
ot Lo ot (et CE) w | — o | 0| m
Input Leakage Current (CE) liLe e .01 2 MA
Ou:g'?:?lk:zeofge:t\/m, Vout =0~ Vc¢c) loc T o 10 HA
Output Low Voltage (Ig =2.2 mA) VoL 0.0 — 0.45 \
Output High Voltage (lon = —2.2 mA) VoH 24 — Vee \%
Vpp Supply Current (CE=-1.0~.6V, V|y =0~V y) IbD1 —_ 110 200 MA
Voo Supply Current (CE = A\ ES_=V|L) mgg:gw/em 'bD2 — ig 2(5) mA
Average V yy Current MBBIO7TN/EMH| o 36 54 mA
(Min. Cycle t ; =20ns, T, = 25°C MB8107Y DDAV 38 60
Ve Supply Current (CE = V¢ or CS = V) lcc —_ .01 10 HA
Vgs Supply Current Igg _ —_— 100 MA

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

CAPACITANGCE (T, = 25°C; f = 1MHz; V= 12V; V= BV; Vg = OV; V g = -5V)

Parameter, Symbol | Typ | Max | Unit
Address Capacitance, CS (Vi = Vss) Cap — 6 pF
CE Capacitance (VN = Vss) Cce —— 25 pF
Data Output Capacitance (VguT = OV) Cout| — 7 pF
Din and WE Capacitance (V|n = Vss) Cin — 10 pF

14
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CURRENT CHARACTERISTICS

(vi 51
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\/

o

AC CHARACTERISTICS

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

READ, WRITE and READ MODIFY WRITE CYCLES

Parameter Symbol MB 8107N|MB 8107E | MB 8107H |[MB 8107Y Unit
Min |Max |Min |Max | Min | Max |Min | Max
Time Between Refresh tREF | —m | 2 |—| 2 |—]| 2 |—| 2 ms
Address to CE Set Up Time taC o |—| 0 |—| 0O |— )| 0 |— |ns
Address Hold Time tAH | 50 | — | 50 |— | 50 | — | B0 | — | ns
CE Off Time tce 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 tcE 0O |—| 0 |—]| O0|—}| O0O]|—|ns

Note: tac is measured from end of address transition.
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READ CYCLE (C| =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 tcy 470 — | 430| — | 400 — [ 350 — [ ns
CE On Time tcE 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 twi O|—| O0|—]|O0|— | O0]|—|ns
WE to CE On twe 0O|—| 0O |—]| O|— | O]|—|ns
READ CYCLE TIMING DIAGRAM
tcy
Address ViH
&
CS ViL
- taH —— T [—— —— 7
tac
tce
\Y
IHC 'S
CE
ViLe J
twe
Vi
WE
Viu
tco
Von - =T VALID—== | "~~~ """
DU \ /.]. e HIGH —=—] E
IMPEDANCE
Vo <1 = —— =
tace —= —1tcF
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WRITE CYCLE (tt = 20ns)

MB 8107N|MB 8107E | MB 8107H| MB 8107Y
Parameter Symbol Unit
Min [Max | Min |Max | Min |Max [ Min | Max
Cycle Time tcy 470 | — | 430 | — | 400 | — | 350| — | ns
CE On Time tce 300 |4000f 260 (4000 230 [4000| 180|4000| ns
WE to CE Off tw 180 | — | 160| — | 150 | — [ 130| — | ns
CE to WE tcw | 150 | —| 150 — | 130 — | 100 — | ns
Din to WE Set Up tow oO|—| 0 |—]| 0|—| O0|—|ns
Dyn Hold Time tDH o |—| 0O |—}| O|—]| O |— | ns
WE Pulse Width twp 70 |— | 60 [—| 50 |— | 50 | — | ns
Note: If WE is low before CE goes high,then D must be
valid when CE goes high.
WRITE CYCLE TIMING DIAGRAM
tcy
Address VIH v d R
i, X X X
Cs ViL X 2
——  tAH ——
tac tce tr f=— — tr
Vin i 1
CE
p————tw
ViLe [ ~
tcw tcc
-1 twep ™
ViH ~
WE \
VIL M s .
Din - ™tow ] tDH
ViH ><
Vi ~
VOH ______________
- HIGH f
DouT \ / UNDEFINED IMPEDANCE
Vo ————tm——— — | —————-—
tCF——
[] pontcare

17
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READ MODIFY WRITE CYCLE (C,_ = 50pF; Load = One TTL Gate; Ref = 2.0V;tacc =tac +tco + 1tT: tv= 20ns)

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

Min {Max | Min |Max | Min |Max | Min | Max
RMW Cycle trRwe | 650|— | 580 | — | 520 | — | 470 — | ns
CE Width During RMW tcrw | 480 [4000| 410 |4000| 350 (4000 300 [4000| ns
'WE to CE On twe | 0 |—| 0 |—| O |—| O |—]ns
WE to CE Off tw 180 |— | 160 | — | 150 |— | 130 | — | ns
WE Pulse Width twp | 70 |— | 60 |— | 50 |— | 50 | — | ns
Din to WE Set Up tow o |—|O0O|—]O0|—]| O |—]|ns
Din Hold Time toH 0o |— —| 0 |— | 0 |— | ns
CE to Output Delay tco — | 280 — | 230| — | 180 — | 130| ns
Access Time tacc | — [300| — |250| — | 200{ — | 150 | ns

Note: WE must be at Vi until end of tco

READ MODIFY WRITE CYCLE TIMING DIAGRAM

tRWC
Address VM ; s
& o i Lol s
cs ViL . I~
— tac = —-—tAH——I
teRW t f— ——{ b
Vine r -\
CE o
]
ViLe — S
—--‘ —Ttwc — twp tce
Vin
WE " 7 ]
ViL et K ¢ -
tow — [=—ton
V||.| P - - o =
Din R IR 3
ViL -
tco
VOH =———=————— —_——_—t ——t e =
f— i [~ HIGH——|
ouT VALID IMPEDANCE
Vo =—————=—+ [ e ] —— f
tACC ] l=—tcF

D Don’t Care

Notes:

1) V|LMAX is the reference level for measuring timing of the addresses, CS, WE, and Dy .

2) ViyMIN is the reference level for measuring timing of the addresses, CS, WE, and Din-
3) Vgs+ 2.0V is the reference level for measuring timing of CE.

4) Vpp— 2.0V is the reference level for measuring timing of CE.

5) Vgg+ 2.0V is the reference level for measuring the timing of DUT.
6) For refresh cycle row and column addresses must be stable before tac and remain stable

for entire tay period.

18
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TYPICAL CHARACTERISTICS CURVES

Fig. 1 — Ipp AVERAGE vs TEMPERATURE Fig. 2 — Ipp2 vs TEMPERATURE
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Fig. 3 — TYPICAL REFRESH vs TEMPERATURE vs TEMPERATURE
1.5
1000
\ Q
N e "
F 100 e b AL
: R : e
t o 1.0 /'
x \\ g -
10 ™ S
z
1 5
0 20 40 60 80 0 20 40 60 80
Tal°C) Tal°C)
Fig.5 — TYPICAL Igp vs Vou Fig. 6 — TYPICAL lgy vs VoL
—50 50
-40 a: 40
oC/’
< —-30 z 30 A
E N 7;, l E ‘V(
I S - |
5 -2 \Q‘ o 2 - /L.o“-/
\\X A~ =
=10 \Q 10 ///
\\ P
0 A 0
0 1.0 2.0 3.0 40 5.0 0 05 1.0 1.5 2.0 25
VoH (Volts) VoL (Volts)



AR

FUJITSU

MM MB 8107 N/E/H/Y

Fig. 7— MB 8107 BLOCK DIAGRAM

64

Voo
Vee
Ves
Vss

Column

ﬁo
A; Row Decode
Az and
Ag Buffer Register
As
CE Timing Control
Generator
DiN—]
W_? 110
cs B —
DouT

Column Decode
and
Buffer Register

BN

Ag A7 Ag AgA10A1

PACKAGE DIMENSIONS

P T T S S S - R Y

22-LEAD CERAMIC DUAL-IN-LINE PACKAGE
(CASE DIP22-A)

R.050(1.27) REF

1

1

e B ——

_ 1.070(27.18)

1.100(27.94)

.050(1.27)MAX

.380(9.65)
.396(10.06)

,)/oo ~g°

.390 (9.91)
.410 (10.41)

i

T
.008(0.20)
.012(0.30)

.075(1.91)
.093(2.36)

090(2.29)

0279 P

_l L.MZ(LOB)
—-l l-— .062(1.58)

.015(0.38)
.023(0.58)

1.000(25.4)REF

f
_1 .180(4.57)MAX

v

i .120 (3.05)
.140 (3.56)

.020(0.51)
.050(1.27)

Dimensions in
inches (millimeters)

1-10

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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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 excellent 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,
harmetically-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 Ag to
Ag must be exercised within 2.0 ms.

® 4096 words x 1 bit organization

® High-speed access time of 70 ns typ.

(100 ns'max.)

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 0to +70 °c
Storage Temperature Tstg - 65 to +150 °c
Inputs/Outputs with Respect to Vgg VIN, VouT | -0.3 to +22 vDC
f:‘\’/p;\;VDD and VR with Respect _ ~0.3 to +22 vDC
Supply Vgg with Respect to Vgg - -0.3to +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.

MB 8215E

CASE DIP22-A
CERAMIC PACKAGE

® Fully decoded
® Standard 22-pin package

PIN ASSIGNMENT

VBBE 1 ~ 22 ___ICE
Vss[]2 21 Jvpp
VRES 20 _—_]A4

WE[ |a 19] A,
ﬁl:g, 183A2
o[ |6 17:]A5
DOUTE7 18] |A;
osor[ |8 15[ |Aq

Al o 14 JAr0

A7[J1o 13 ] A

As[ |11 12[ A,

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, Vpp =+12V + 5%, Vg = +7V £ 5%, Vgg =—5.2V * 5%, Vsg = 0V)

Parameter Symbol Min Typ Max Unit
Input High Voltage ViH 24 — VR \
Input Low Voltage ViL -1.0 —_ 0.6 \%
CE Input High Voltage ViHc Vpp —1.0 — Vpp +1.0 \%
CE Input Low Voltage ViLe -1.0 —_— 0.8 \
Data Output Differential Current
| 500 — — A
(DouT,DGUT = VR) po K
Input Leakage Current
| — —_— 10 A
(CE=Viucor ViLe, Vin = Vss to Vin) " H
CE Input Leakage Current
) — — 10 A
(CE=ViLc to ViHc, VIN = ViL to Vi) e K
Output Leakage Current
(CE=ViLc, Vin = VIL to ViH) B loL — — 3 uA
(CE=ViLc to Vinc, VES = ViH, Vin (except CS) = V| to Viy)
Vpp Supply Current
| R —_ 400 A
(CE=ViLc, VIN = Vss to Vin) poL K
VR Supply Current
| —_— —_— 100 A
(CE=ViLc, Vin = Vi to Vin) RL K
Vg Supply Current
| J— J— 100 A
(CE=VLcto Vinc, Vin = ViL to ViH) B8 K
Vpp Supply Current
1 — 15 25 mA
(CE =Viuc, Vin = ViL to Vin) DOH
VR Supply Current
| - 25 40 mA
(CE=Viuc, Vin =V L to Viy) RH
Vpp Supply Current
— 42 A
{tey ¢ = 220ns, tcE = 120ns) Iooa 33 m
VR Supply Current
—_ 0
{teyc = 220ns, tcE = 120ns) 'RA 14 2 mA
Vg Supply Current
| —_ 60 200 A
{tcyc = 220ns, tcg = 120ns) BBA K
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AC CHARACTERISTICS
(TA =0°C~70°C, Vpp = +12V £ 5%, VR = +7V £ 5%, Vgg = —5.2V *+ 5%, Vgg = 0V)
READ, WRITE and READ MODIFY WRITE CYCLES (t;, tf. < 20ns)
Parameter Symbol Min Typ Max Unit
Time Between Refresh tREF — — 2 ms
Address to CE taACE 0 — — ns
Address Hold Time tAH 50 — —_ ns
CE Off Time tcc 100 — — ns
CS to CE tcsE 0 —— — ns
CEto CS tCES 0 — — ns
CE to WE tcew 0 — — ns
Output Data Valid Time tpov 0 —_ —_ ns
READ and REFRESH CYCLES (t,, t¢ =20ns; R = 100%2; C = 50pF) <
Parameter Symbol Min Typ Max Unit (@)
CE to Output Delay tacc — 70 100 ns @
CE On Time tcE 120 — 3,000 ns %
WE to CE o twee 0 —_— —_ ns g
g =
Read Refresh Cycle Time - tcyc 220 — — ns g
WRITE CYCLE (t,, t = 20ns) .
Parameter Symbol Min Typ Max Unit
CE to WE tCEW 0 — — ns
Write Width tw 80 — — ns
Write Data Set Up Time tow 0 — — ns
Write Data Hold Time tcED 0 — _— ns
CE On Time tCE 100 —_— 3,000 ns
Write Cycle Time tcyc 200 — — ns
READ MODIFY WRITE CYCLE (t,, tf = 20ns;-R = 10092; Cp = 50pF)
Parameter Symbol Min Typ Max Unit
CE to Output Delay tacc — 70 100 ns
Write Width tw 80 — —_— ns
CE to WE tCEW 0 —_— — ns
Write Data Set Up Time tow 0 — — ns
Write Data Hold Time tCED 0 —_ —_ ns
CE On Time tcE 200 — 3,000 ns
Read Modify Write Cycle Time tcycem 300 —_ —_— ns
WE to CE twWCE 0 — —_— ns
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TIMING DIAGRAMS

READ CYCLE

WRITE CYCLE

READ MODIFY WRITE CYCLE

NOTE:

Vgs +1.5Vand Vpp — 1.5V are
the reference levels for measur-
ing the timing of CE. 0.6V and
2.4V are the reference levels for
measuring the timing of CS, WE,
Din. and all Addresses.

Address
CE
/ cE
& tcse  Ices ’ ( ) \
i T
. t t
WE WCE !CEw
1
DouT. DaUT E@A
fee— T A CC—oi
— tbov
—tw—e]
WE ’}:‘ tcEW
Din
Address )1
r""tAH'—
CE t_“i_?Z_

tcse

F=—1twCcE

=—taCC {

Tow

tpce

114

74 Don't Care




CURRENT CHARACTERISTICS
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CE
400mA—~
Ipp
!
| omA |
50mA —
|
I IR
OmA [
10mA —
Igs omA
—10mA |

.

—]

@
©

Time (ns)

CAPACITANCE (f=1MHz; Vg — Vg = 4.94V; Vpp — Vss = 12.6V; V| = Vss)

Parameter Symbol Min Typ Max Unit
Address Inputs Ca J— —_ 3 pF
CE Input Cce — 33 40 oF
WE, CS Inputs Cwe, Ccs - —_— 6 pF
Din Input CoIn —_ _— 3 pF
Dour. DauT Cpo.Coo| — — 3 pF
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TYPICAL CHARACTERISTICS CURVES

Fig. 1I-NORMALIZED ACCESS TIME Fig. 2-NORMALIZED ACCESS TIME
vs Vpp SUPPLY VOLTAGE vs VR SUPPLY VOLTAGE
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NORMALIZED ACCESS TIME

IR, SUPPLY CURRENT (mA)

Fig. 6—NORMALIZED ACCESS TIME

vs AMBIENT TEMPERATURE
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Fig. 7-REFRESH TIME
vs AMBIENT TEMPERATURE
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TYPICAL TRANSIENT WAVEFORMS

Fig. 11—-CHIP ENABLE VOLTAGE
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INFORMATION

Fig. 15—MB 8215 BLOCK DIAGRAM
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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 Vpp
to Vgs. When CE is low, these three
clocks are brought to Vpp in prepara-
tion for memory operations.

Read Cycle— Data held in the storage
cells can be read through the Doyt
and DgyT lines when CS is low and
WE (Write Enable) s 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-lines and the
data in the cell is transfered to the

sense amplifier.

Column decode operation is identical
with row decode: the column decoder
selects one sense amplifier out of 64 to
transfer the data to the output buffer.
Doyt or D@uT sinks current res-
pectively depending on whether the
data in the memory cell is a 1" or
“0".

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

INPUT/OUTPUT SIGNALS
Chip Enable (CE)— CE 1s a single-
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phase, hi-level clock; all memory cy-
cles are initiated when CE goes high.
CE Off Time (tcc) must not exceed
2.0ms (Ta=70°C); if 1t does, cell data
will not be retained, and internal
circuits will 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, write, and read modify write
cycles. When CS is high, the input 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 s high,
the memory s in the read operation,

=
o
)
=
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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 (Dyy)— When CE is brought
to high with WE low, or when WE 1s
brought to low with CE high, the Dy
signal can be transfered to the cell.
Therefore, the Dy signal must remain
valid when CE s high and WE 1s low.

Data Out (DoyT), Out
(DguT)— 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 Dy is high, Doy sinks

Data

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

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

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 (Ao to As) every 2.0ms. Dur-
ing minimum read cycle operation
(i.e., tcyc = 220ns) the time ratio of
refreshing to total operation is 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.

Din7

Fig. 16—SYSTEM INTERFACE (TTL)

Din4 Din3 Din2 Din1 D1

n O

16K words x 8 bit
Memory Array

I[lk
CH o
!'1]}4
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1
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T

1T

4
-

or eq.
—Chip Select
—Write Enable,

L
0T

FIEF
CH CH CH
|’Ik

1
|
Dout 7

NOTES: 1) MB 8901: FUJITSU Quad 2-Input NAND TTL
to MOS Level Shifter/Driver, similar to SN-

[ 1
Dout6 Dout5 Dout4d Dout3 Dout2 Doutl

T FL
.. }— ' - 1 |-
(N
" .8 =
[N} H g g
C
S 7S
(7] § = 1o
3 ]
DoutO

75361/75365 or equivalent.

i
o I
g

2) MB 8912: FUJITSU Dual Sense Amp (TTL
Output), or equivalent,

—VbpD

—VR

—Vce

——Vgs (GROUND)
——VeB
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ACCESS TIME MEASURING
CIRCUIT Fig. 17 —ACCESS TIME MEASURING CIRCUIT
The MB 8215 has differential outputs MB 8215
which require a differential sense
amplifier and load resistors connected v
to interface with the external circuit. R
Measurement of the access time can be RL% éRL MBS?:E MC 10131 or eq
accomplished by latching the output DouT 73
data i1n an external circurt. Access time DOUT 101> Data
1s then calculated by measuring the CL CL 2
time between the rising edge_z_of CE "L—”—' >‘4|1" Differential Latching Circurt
and rising edge of the latch (C¢), and Sense Amp
then substracting the delay time intro- :__ ;_ YN _.‘I B
duced by the sense amplifier circuit. | | \Cc (latch)
In order to measure access time with a I :
differential current between Doyt : 200uA | RL = 1000
and DT of 200uA, a 200uA source | B— CL = 50pF
should be connected as shown In e - —
Figure 17, with the: off-set current
injected between A and B.

Fig. 18—SYSTEM INTERFACE (ECL) 16K words x 8 bit
ij DI:lje Din5 len:|4 D‘l'js Dl:mjz Din1 DminoO Memory Array
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el
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CE Strobe
o 1 :%(\?vhlp Slglecl:I
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' 1 ' Vee

Y
g

NIRRT

|
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NOTES: 1) MB 8903: FUJITSU Quad 2-Input OR ECL to ECL to MOS Level Shifter/Driver, similar to
MOS Level Shifter/Driver, similar to MC 10177 MC 10127 or equivalent.
or equivalent. 3) MB 8916: FUJITSU Dual Sense Amp ECL Out-
2) MB 8909: FUJITSU Dual 2-Input Positive NOR put, or equivalent.
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PACKAGE DIMENSIONS

22-LEAD CERAMIC DUAL-IN-LINE PACKAGE
(CASE DIP22-A)

,—:—’:‘AE)""‘QO
— = — — . o o — —
22 12 |
R.050(1.27)REF
.380(9.65) .390(9.91)
.396(10.06) .410(10.41)
1 LI 1
———————————r +
1.070(27.18) _| .008(0.20)
f 1.100(27.94) ' .012(0.30)

.050(1.27)MAX

i —

.075(1.91 ! f
09322.35; | -180(457)MAX
.140(3.56)
.020(0.51)
.050(1.27) {-"2013.05)

.090(2.29)
o790 . os038 | | 04201.08) ‘I

.023(0.58) .062(1.58) . .
| Dimensions in
1.000(25.4)REF 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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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 DIP 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
Vgg (Vss — Vg = 4.5V) ViNn: VouT -0.3 to +20 VvDC
Operating temperature range TA 0 to +70 °c
Storage Temperature Tstg —-65 to +150 °c
Power Dissipation Pp 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 8224N/E/H

CASE DIP16-B

CERAMIC PACKAGE

® Standard 16-pin DIP package

® |[nterchangeable with MK4096,
MK4027, MCM6604, Intel 2104

PIN ASSIGNMENT

Vgs E U 16 :] Vss
o[ ]2 15[_]CAs
we[ |3 1] Joout
rAs[ s 136
A8 12[ A3
m[s [T
A7 10 :‘ As
voo[ |8 9
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.

-

Vee

N SON

)
3
<]
=
®
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DC OPERATING CONDITIONS AND CHARACTERISTICS sy

(Recommended DC operating conditions and full operating temperature range unless otherwise noted.)

RECOMMENDED DC OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit
Supply Voltage @ Vpp 10.8 12.0 13.2 v
Supply Voltage it} Vce 4.5 5.0 55 \Y
Supply Voltage Vss — 0.0 —_— \%
Supply Voltage Ves -4.5 -5.0 -5.5 \
Input High Voltage ViH 24 —_— Vcet1.0 \")
Input Low Voltage ViL -1.0 —_— 0.8 \Y%
DC CHARACTERISTICS
Parameter Min Typ Max Unit
Output High Voltage (I5,,= -5.0mA) Vou 24 — Vee \")
Output Low Voltage (I, = 2.0mA) VoL —_ —_ 0.4 \")
Input Leakage Current he — —_ 10 uA
Output Leakage Current for high impedance state (C_S=V,H) loL —_ — 10 MA
MB 8224N ! — — 1.5 mA
Vo Supply Current oo
— ) MB 8224E loo1 — — 15 mA
(RAS, CAS = V,,,, chip deselected)
MB 8224H lbp1 — — 2.0 mA
Average V,, Current (minimum cycle) lop2 — — 35 mA
Average V., Current (RAS only refresh cycle) lppa J— —_ 25 mA
MB 8224N lgs —_— — 75 MA
Average Vg Current MB 8224E lgs — — 75 HA
MB 8224H lgg —_— —_ 150 MA
Vce Supply Current (CS = V) a8 lee —_ — 10 uA
CAPACITANCE (1, = 25°c)
Parameter Symbol Min Max Unit
Input Capacitance (A ~ As, W, E, Din) Cit _— 7 pF
Input Capacitance  (RAS, CAS) Ci2 —_ 10 pF
Output Capacitance Co — 8 pF
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Fig. 1 — MB 8224 BLOCK DIAGRAM b
IN
WE o—_———-D Strobe Data
In
Buffer
CASo- i Clock Enable
i 1 Generator No.2
€S o— ] [ Enable L
7-Bit T —{
Latch ! J Column Decoder
™ —
Apo— | —uouuoro-—J e 64 ———————
A1 Sense Amp Output I
Buffer
Az 0 Address i _______ 64— _____
Az o—— Bus
A T Dout
4 © % i g
|
As 3 ! Cell Array — VBB o
6-Bit 2 < _ (7))
_‘y Latch I 64 x 64 Vss
el - VDbD =
i - 1]
vce 3
fEnabie *]
RAS Clock g'
RAS
Generator No.1 n

AC OPERATING CONDITIONS AND CHARACTERISTICS mormsta

(Recommended DC operating conditions and full operating temperature range unless otherwise noted.)

READ, WRITE, READ MODIFY WRITE and RAS ONLY REFRESH CYCLES (ty = 10 ns)

MB 8224N | MB 8224E MB 8224H
Parameter Symbol Unit
NOTES Min Max Min Max Min Max
Time Between Refresh tREF — 2 — 2 R 2 ms
RAS Precharge Time trp 150 — 120 S 120 — ns
RAS to CAS Lead Time B tgcL 95 2000 80 2000 70 2000 ns
RAS Hold Time tcr 175 — 140 | — 120 — ns
CAS to RAS Lead Time teRL — 40 — 40 — 40 ns
Address Set Up Time tAs 0 —_— 0 — 0 —_ ns
Address Hold Time tAH 85 — 70 — 60 — ns
Output Deselect Time tOFF 0 100 0 85 0 75 ns
Data Out Hold Time tyoLp| 2 —_— 2 — 2 — ms
Rise and Fall Time tT 5 50 5 50 5 50 ns

1-25



A

FUJITSU

(UMK - mB 8224N/E/H

READ CYCLE (tt = 10ns)

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

Min Max Min Max Min Max
Read Cycle Time tcyc 450 _— 370 —_ 340 — ns
RAS Pulse Width @ | trRrw 280 |32000 | 230 |32000 | 200 | 32000 ns
CAS Pulse Width tcpw | 175 — 140 | — 120 —_ ns
Read Command Set Up Time trCcs 0 —_ 0 — 0 _ ns
Read Command Hold Time tRCH 30 —_ 30 —_ 30 — ns
Access Time from RAS (C_ = 50pF) tRAC 280 —_ 230 —_ 200 —_ ns
Access Time from CAS (C, = 50pF) tcac | 175 — 140 | — 120 _ ns

Read Cycle Timing Diagram

!

tcye
t /I \
RAS \ RPW trp
\
tRCL tcR —tcRu
e
\\ tcpw /
tAg——] \
b tR A H-~] tAS—{ | f=tC A H—~
Address >< O
1
Co o / tRcs
tas| | tcaH
T

toF F—

tcac

Dout

T

A

tRAC

tHOLD

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.
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WRITE CYCLE (tt = 10ns)
MB 8224N MB 8224E MB 8224H
Parameter Symbol Unit
Min Max Min Max Min Max
Write Cycle Time tcye 450 — 370 — 340 — ns
RAS Pulse Width trRpw 280 | 32000 | 230 | 32000 | 200 | 32000 ns
CAS Pulse Width tcpw 175 —_ 140 — 120 —_ ns
Write Command to CAS Lead Time towL 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 tps 0 —_ 0 —_— 0 —_ ns
Data In Hold Time tbH 150 —_— 140 —_ 100 —_ ns
=
(@]
w
=
. . . . m
Write Cycle Timing Diagram E
S
tcyce fwb
_ _—\
RAS \ tRPW—————— tR P_ﬁ\
tRCL tIcr cRL
tcpw
CAS /
tas— FtRAn=] o 1L r—
Address >< >< X
A
- towL
= tWCH— <
WE \ twp /
s =—tDH—
\
Din ><
- tas
- \ e/
' ' tcac
tOFF—  |=—
N
DouT 4
tRAC
E] Don’t Care
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READ MODIFY WRITE CYCLE (tt = 10ns)

MB 8224N MB 8224E MB 8224H
Parameter Symbol Unit
Min Max Min Max Min Max
Read/Write Cycle Time tcyc 635 — 520 — 470 — ns
RAS Pulse Width 0| trpw 465 | 32000 | 380 (32000 | 330 32000 ns
CAS Pulse Width tcpw | 360 — 290 — | 2850 | — 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 trRCs 0 —_ 0 —_ 0 — ns
Modify Time tMoD 0 —_— 0 —_— 0 — ns
Data In Set Up Time tps 0 — 0 — 0 —_ ns
Data In Hold Time tpH 150 — 140 — 100 — ns
Access Time from RAS (C_ = 50pF) tRAC 280 — 230 — 200 — ns
Access Time from CAS (C_ = 50pF) tcAC 175 — 140 — 120 — ns
Read Modify Write Cycle Timing Diagram
cyc
tnrw
RAS = tWR— tRP \
A
f——1tRCL = tcRL
CAS tcpw
tAs— | l—taH—] tas— - i—taH—]
Address
4
cs
‘CAC——T
OFF— = I L wmop
. N/
ouT AN
~ton—
I ~—itps
Don’t Care
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RAS ONLY REFRESH CYCLE (tt = 10ns)

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

Min Max Min Max Min Max
RAS Only Refresh Cycle Time teye 450 | — | 370 | — | 340 | — ns
RAS Pulse Width tRPW 280 32000 | 230 | 32000 | 200 | 32000 ns

RAS Only Refresh Cycle Timing Diagram

tcyc

tRPW

f——trp——

tASﬁ - traH—]
Address X >< X

DouT

Prior to the first cycle following a period (beyond 2 ms) of

“RAS only refresh”, a memory cycle employing both RAS and D Don’t Care
CAS must be performed with CS high level (chip non-select

mode) to insure proper device operation.

NOTES: 1) All voltages referenced to VSS. VBB 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, VCC supply current is dependent on
output loading; VCC is connected to the output buffer only.’

4) V)4 (min.) and VL (max.) are reference levels for measuring
the timing of input signals. Transition times (ty) are also
measured between Vyy and V.

5) trcL =tan t+ 1tT.

6) When tcg > tcr (min.) and tcpw > tepw (min.), tegy (min.)
is defined by tcpyw —tcr. (Read or write cycle)

And when twg> tyr(min.) and tew > tewy (Min.), tcgy (min.)
is defined by tcw — twg- (Read Modify Write Cycle)

7) trpw 2tRAC-

8) tgac (min.) =tgcL (min.) + 1ty +tgac (min.). Then if trgL
>trcL (min.), tg ac willbe greater by the amount tg ¢ 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 2trac +tmop + 1tT +twR.
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TYPICAL CHARACTERISTICS CURVES
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PACKAGE DIMENSIONS

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

0°~9°
N T R e TN P —— SO —— B e R e s —

16 9

R .040 (1.0) REF

.287 (7.29) .290 (7.37)
.299 (7.59) .310 (7.87)

|
1 8 | |
L

760 (19.30) | f 008 (0.20)
.800 (20.32) ' .012 (0.30)

j ‘*,050 (1.27) MAX
[ 1

.070 (1.78) i
.088 (2.24)

042 (1.07)
.062 (1.58)
.90 (2.29)
110 (2.79) " | —J H '035(:,;8”
| 1
015 (0.38) .700 (17.78) REF

.023 (0.58) Dimensions in
inches (millimeters)

_L 160 (4.06) MAX

.020 (0.51) |.120 (3.05)
.043 (1.10) | 140 (3.56)

Circuit diagrams utilizing Fujitsu products are included as a
means of illustrating typical semiconductor applications; conse-
quently, 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
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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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 (max)
® 10% tolerance on +12V, t5V,
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 Vgg ViN. VouT -0.5 to +20 \
Voltage on Vpp, V¢ supplies
relative to Vgg Voo Vee -051t0+15 v
Vg — Vss (Vpp — Vss > 0V) - 0 \Y
Storage Temperature Tstg -55 to +150 °c
Power Dissipation Pp 1.0 w
Short circuit output current - 50 mA

Note:

Permanent 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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CASE DIP16-A
CERAMIC PACKAGE

® OQutput 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

o Compatible with MK4027
PIN ASSIGNMENT

ves[_|1 N 16]_]Vss
oin[_ ]2 15]_|cas
we[ |3 14| ]poyt
RAS[ |4 13’:}E§
A s 12] A,
A[ s 1] A,
Al 7 10[_] A,
[ IVvee

<
O
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 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
s cn.oing‘?ew
WRITE —
cLOCKS WE
CLOCK GEN
CAS No 2
_ CLOCK GEN
cs No. 3
1
1 1
1 I 1
1 L 1 -
COLUMN ADDRESS BUFFER |
& DECODERS
DATA IN
DUMMY CELLS BUFFER Din
—
Au 1
« : e
A i ;
! Ls‘g : MEMORY ARRAY
I ;
2 !
A w3 ' DATA OUT Dour
ﬁﬁ SENSE REFRESH AMPS BUFFER
o
=}
A a%
3 <
2
e MEMORY ARRAY
As
As
DUMMY CELLS
CAPACITANCE (1A=25%)
Parameter Symbol Typ Max Unit
Input Capacitance Ao ~ As, D;n, CS Cing — 5 pF
Input Capacitance RAS, CAS, WE Cinz J— 10 pF
Output Capacitance Doyt CouT _ 7 pF
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RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)

—

Parameter NOTES] | Symbol Min Typ Max Unit T(?n"::rear::t?re
Supply Voltage M| Vob 10.8 12.0 13.2 \%
A@| Vee 45 5.0 5.5 Y,
Vss 0 0 0 \Y
Ve -4.5 -5.0 55 v 0°C to +70°C
Input High Voltage RAS, CAS, WE A Viac 24 7.0 \Y
Input High Voltage except -
RAS, CAS, WE Viu 2.2 7.0 \
Input Low Voltage, all inputs | vy -1.0 0.8 \"
STATIC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
Parameter INOTES! Symbol Min Max Units
OPERATING CURRENT lop1 35 mA
Average power supply current (RAS, CAS cycling; tge min) g1 300 HA
STANDBY CURRENT
. . lop2 2.0 mA
Power supply current (RAS = CAS = V¢, output disabled)
REFRESH CURRENT
_ _ Ibps 25 mA
Average power supply current (RAS cycling, CAS = V¢ tgc min)
Ve POWER SUPPLY CURRENT (CS =V,,) Bl lee” -10 10 HA

INPUT LEAKAGE CURRENT
Input leakage current, any input (Vgg = -5V, 0V < V| <7V, all other I -10 10 uA
pins not under test = 0V)

OUTPUT LEAKAGE CURRENT

. . — | -10 1
(Data out is high impedance state, CS = V) ot ° HA
OUTPUT LEVELS v
. 2.4
Output high voltage (o = -5mA) VOH v
Output low voltage (I, = 3.2mA) oL 0.4 \
Notes:
1) All voltages are referenced to Vgsg. data retention. However, the Vou (min) specification
2) Output voltage will swing from Vgg to Vgc when is not guaranteed in this mode.
activated with no current loading. For purposes of 3) When Data out is enabled, V¢ power supply current
maintaining data in the standby mode, Voc may be depends upon output loading; Vg ¢ is connected to the
reduced to Vgg without affecting refresh operations or output buffer only.
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DYNAMIC CHARACTERISTICS INOTES 4,5, 6]
(Recommended operating conditions unless otherwise noted.)
MB 8227E MB 8227H
Parameter NOTES] | Symbol Units
Min Max Min Max
Time between Refresh 'REF 2 2 ms
Random Read/Write Cycle Time tRC ' 375 320 ns
Read-Write Cycle Time tRwec | 420 330 ns
Access Time from RAS [ | trRAC i 200 150 ns
Access Time from CAS El tCAC 135 100 ns
Output Buffer Turn Off Delay tOFF 50 40 ns
Transition Time tT 3 50 3 35 ns
RAS Precharge Time tRP 120 100 ns
RAS Pulse Width tRAS 200 32000 150 32000 ns
RAS Hold Time tRSH 135 100 ns
CAS Precharge Time tcp 80 60 ns
CAS Pulse Width tcAS 135 100 ns
RAS to CAS Delay Time tRCD 25 65 20 50 ns
CAS to RAS Precharge Time tCRP 0 0 ns
Row Address Set Up Time tASR 0 0 ns
Row Address Hold Time tRAH 25 20 ns
Column Address Set Up Time tASC -10 -10 ns
Column Address Hold Time tCAH 55 45 ns
Column Address Hold Time Referenced to RAS tAR ;120 95 ns j
Chip Select Set Up Time tcsc -10 -10 ns
Chip Select Hold Time tCH 55 45 ns
Chip Select Hold Time Referenced to RAS tCHR 120 95 ns
Read Command Set Up Time tRCS 0 0 ns
Read Command Hold Time tRCH 0 0 ns
Write Command Set Up Time a twes 0 0 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 135 100 ns
Write Command to CAS Lead Time towL 135 100 ns
Data In Set Up Time tps 0 0 ns
Data In Hold Time tpH 55 45 ns
Data In Hold Time Referenced to RAS tDHR 120 95 ns
CAS to WE Delay m tcwD 80 60 ns
RAS to WE Delay il | trRwp 145 110 ns
Data Out Hold Time tDOH 32 32 us
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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.
Dynamic measurements assume tT=5ns.

ViHc (min) or Viy (min) and V| (max) are reference
levels for measuring timing of input signals.. Also,
transition times are measured between V yc or Viy
and V).

Assumes that tgcp<tgrcp (max). If tggp is greater
than the maximum recommended value shown in this
table, tgac Wwill increase by the amount that tgcp
exceeds the value shown.

Assumes that tgcp=>trcp (max).

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

5)
6)

7

8)
9)

10)

1

Operation within the tgcp (max) limit insures that
trac (max) can be met. tgcp (max) is specified as a
reference point only; if tgcp is greater than the spe-
cified tgcp (max) limit, then access time is controlled
exclusively by tcac.-

twcs, tcwp and tgrwp 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 Doy will con-
tain the data written into the selected cell.

If tcwp=tcwp (min) and trwp=trwp (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

tRC
tRAS
rrvd tAR
RAS Vinc- N A
ViL- —
tRp.
tl‘avl
trco b—tcnapj
— tc.
CAS Vine- y ]
Vie-
tasr | [tRAH .
}——-ltAscdl =tcAH—
Vin= >< ROW COLUMN Y
ADDR .
ESSES Vi - ADDRESS ADDRESS ,’( X
‘RCS—I — tRCH | I-_
WRITE ViHe- ) -
ViL— / N X
tCHR
tescmy | ].._tCH_.‘
cs ViL- e
tRAC
tcac
toFF tDOH——=i
Dout Von- ¢ VALID ¥
VouL- 7 OPEN‘—<‘ DATA  J
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Write Cycle (Early Write)
tRc
tRAS
-\ tAR
J— ViHe-
RAS o | N
| tRp
tRCD——n] ‘ t I-—'cav—
t
J— ViHe-
U | 7
tasR | [tRAH tasc tean
= - -
Vin- ROW COLUMN Y
ADDRESSES v/ _ ADDRESS ADDRESS ,><
J - tewL
twcs-—-| twWeH~
Vine- twe
WRITE v | J
-
| t
ttwe nw;_
tps— f——"1DH—
Vin- 4 VALID
Oin V- >< DATA
]
Ltonn
tesc l—‘ L—ICH—
— [T ——
o Vi 1/
tCHR p
RAC:
1 tcac t
v OFF - DOH——=
OH- VALID
Pour Vou- re OPE DATA } D Don’t Care
Read—Write/Read—Modify—Write Cycle
tRwC y
J— R,
RAS Vine- R AR _i
Vi—
! R tRe
tRcD ! tc. — tcre
CAS Vine- i
Vi
tasr| | tRAH
l——— tASC—‘ ~tcaH
ADRESSES V- ROW coLUM
Vi~ ADDRESS ADDRESS
’ TRWD towr——
'RC5-| — " tcwp [::_‘HWL
WRITE Vipe-
Vi ______./ l
tesm f—twp
tesc (=—tCH——
cs Vin- /
V-
C e i
toFF—|
Pour Vok- VALID .
VoL~ f 4 \ DATA
[ trAC
tos toH
Din Vin- ALID
Vi - DATA X D Don’t Care
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Vine-

ViL-

Vin-
ADDRESSES ViL

““RAS—ONLY"' Refresh Cycle

NOTE: Dq 1 remains unchanged from previous cycle.

tRe
tRAS
\
. N__
f—tRAH tRrp
tASR =
ROW
ADDRESS

|71 Don’t Care

VoH-
Dour vg:_
[:] Don’t Care
Page Mode Read Cycle
tRAS
RAS
tRsH tRP
l——*tcas tere:
CAS l//
tcaH
|
coL
ADDRESSES ADD ’
| tecsm
tese tCH—e tcH tcH
- tesc tcs
= Vin-"" ] T | T 4 I
Vie- 2 4 p A
L__trac | ”
tcac— | tcac tcac ~—tDOH—=
LoFF— 1oFF—~—t LOFF—
DouT Vor- X/ VALID " VALID VALID ¥\
Vor- Fan DATA DATA DATA
'RCHJ[—— - Ltncs TRCH-~
WRITE

1-38




MB 8227 N/E/H

A
FUJITSU

A

Page Mode Write Cycle
tR
RAS Vine- 'A“_j
Vi— ;
’ tRSR tRe
tRCD——Am——tcAS—=| [=tCP tcas —=]f | tcAS—e ; tcre
CAS Vire- i
Vi—
HtCAH tcaH tcaH
tasm I‘ASC tAsC— = tasc -
ADDRESSES |'H- coL (et
Vie- . ADD ) ADD
4t
—teH—— l—'cn P“CH
tcse tcsc— tcsc
= ViH- /" ’ i ; ]
Vi, "
tcsh L L
to
[ FE toFF " toFF— | t=—!DOH—=—yf
Dout VoH- | N/ VALID VALID VALID
Vor- T ﬂ“\ DATA y DATA DATA
l——'twcH L—‘WCHJ L'WCHJ
e —1R towL: r’—"CWL
Vine- f —_—
WRITE v
- A /
twer tRWL
tps | F—twp—mi | twp F—twp
=t DH- Ds =——tDH——f fDS— = toH——
Din Vin- VALID VALID VALID
Vi— DATA DATA DATA
t DHR-
E] Don’t Care

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 (A 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 permit triggering of CAS as
soon as the Row Address Hold Time
(tr an) 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 (D, ) register. Set-up and hold
times are referenced to WE or CAS,
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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, Doy, 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(0) 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 V¢ from the supply
voltage (normally 5 volts) to which the
memory is interfaced. In standby opera-
tion, Vo 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 MB 8227 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 minimize 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, Vgg should be turned
on first and turned off last, and Vgg
should be less than Vgg when Vpp 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.

NOTE: Vpp = 13.2V, Vgg = —4.5V, T4 = 25°C

Current Waveforms

RAS/CAS CYCLE LONG RAS/CAS CYCLE 'RAS ONLY CYCLE PAGE MODE CYCLE
T T T TTTT1T 7 T77T T T B T TT 7771
RasP 1T T 74' TV 1 ’—J”' A N e T r l” 11
CAS T - ] —TTT\ - !
e —L T
ST LR
60 L - - T . i
w ﬁ{ al A A i
o o)1 M 51 s
(mA) 0 —= - T I
1. - O U A 4 S bd
40 4 bof- - - ]
0 A+t - 'A —t - R A P S A i
lss ol v
o _° W AR N TV N W T
- L EREN L -
so— L ph—1 | ] | Lord
P | A A R L I
a1} A NE A A
R N A [ AT
- o \ /| \ L — W=
1 LT

50 ns/Dwision
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TYPICAL CHARACTERISTICS CURVES
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Fig. 5 — NORMALIZED ACCESS TIME
vs AMBIENT TEMPERATURE

TYPICAL
12 -
o o
1.1 o
E: L
o g
@10 P
N 7
-
<
209
o
z
08
0 20 40 60 80
T, AMBIENT TEMPERATURE (°C)
Fig. 8 — Ipp7 (AVERAGE)
vs AMBIENT TEMPERATURE
TYPicAL] |
_ 80 vpp =132V
T |—{vee=-45v
© 20— tRC = 375ns
z
w
£
5 30
(8]
%
& 20—
=}
w
a 10
o
t
i

0 20 40 60 80
Ta. AMBIENT TEMPERATURE (°C)

Fig. 3 — NORMALIZED ACCESS TIME
vs Vgg SUPPLY VOLTAGE

T T 1 T 1 T T

TYPICAL ‘
L] 1_4‘,,..,4‘, .%,
12 bbby
; L
< : :
R F—
o | :
N T
N -
S10 bbb -
210
z2 bt .
g |
Z2091— - -4 e }
— - ...,_+_.._ - -
08}~ 4- B
|
-4 -5 -6
Vgg. SUPPLY VOLTAGE (V)
Fig. 6 — Ipp; (AVERAGE)
vs CYCLE RATE
TYPicAL] | !
_ 50 tvpp =132V i
T | —{vgg=-4sv | T
v Ta=25C
L 'A R A S (R TS By S
5 40
3
5 30 P
N ~
o 7
& 20
2 P
a .
Q10—
\ : L
1 2 3 4 5

o - - -
© N

o

Ibb2. SUPPLY CURRENT (mA)
[}

CYCLE RATE (MHz)

Fig. 9 — Ipp2 (STANDBY)
vs Vpp SUPPLY VOLTAGE

TvPicaL] |
4—tvgg=-4 5V
LT =25°C

\

0 11 12 13 14
Vpp, SUPPLY VOLTAGE (V)

141

(T
FUJITSU

MB 8227 N/E/H I

Fig. 4 — NORMALIZED ACCESS TIME
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PACKAGE DIMENSIONS

R .040 (1.0) REF

110(2.79)

16-LEAD CERAMIC DUAL-IN-LINE PACKAGE

(CASE DIP 16-A)

_o==*% 0°~9
e e S eEEET =
16 9 '7 [
; .287 (7.29) -290 (7.37)
.299 (7.59) .310 (7.87)
1 8 L

— aeoneso) J .008 (0.20)

.760 (19.30)

.800 (20.32)

L .012 (0.30)

~—‘ {——.050 (1.27) MAX
[

070 (1.78)
088 (2.24)
042 (1.07)
1062 (1.58)
1090 (2.29)__| '_‘ 032(0 81)
:—‘l L‘I REF
|

‘L 160 ‘4.06) MAX

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

.700 (17.78) REF

.015 (0.38)
.023 (0.58)

Dimensions in
inches (milbimeters)

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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I MOS 16384-BIT
FUJITSU DYNAMIC RANDOM
Iy ACCESS MEMORY

MB 8116N/E/H

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 required.

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, t5V
supplies
e 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 Vgg VinN. VouT | -0.5to+ 20 \%
Voltage on Vpp, Vg supplies
relative to Vgg Vbp-Vee | -05to+ 15 v
VeB — vss (VDD — vss >0V) - 0 v
Storage Temperature Tstg -55t0+150 | °C
Power Dissipation Pp 1.0 w
Short circuit output current — 50 mA

CASE DIP16-A
'CERAMIC PACKAGE

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
ves[ |1 N [ Ivss
oin[_|2 15[_|CAsS
EHIE 14 Joout
RAs[ |4 13[_] A
A8 12[ ]A,
A[ e 1A,
A.[: 7 10 ] A,
Voo[_|8 9| Jvee

This device contains circuitry to protect

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.

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
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CAPACITANCE (T,=25°C)

Parameter Symbol Typ Max Unit
Input Capacitance Ao ~ Ag , D)y Cint _ 5 pE
Input Capacitance RAS, CAS ,WE Cinz2 — 10 pF
Output Capacitance Dg1 Cout R 7 pF
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RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)

Parameter [NOTES) Symbol Min Typ Max Unit Tgrﬁgg[a'tnfre
Supply Voltage @ Vob 10.8 12.0 13.2 v
n@ Vee 4.5 5.0 5.5 \Y
m Vsg 0 0 0 \Y
] Vgg -4.5 -5.0 -5.5 \Y
0°Cto +70°C
Input High Voltage RAS, CAS, WE i Vine 2.7 S 6.5 Vv
Input High Voltage except —
RAS, CAS, WE | Vi 2.4 6.5 v
Input Low Voltage, all inputs i} ViL -1.0 — 0.8 \Y,
STATIC CHARACTERISTICS
{Recommended operating conditions unless otherwise noted.)
Parameter Symbol Min Max Units
OPERATING CURRENT Iob1 35 mA
Average power supply current (RAS, CAS cycling; tpe = 375ns) Igg1 200 MA
STANDBY CURRENT Ibp2 1.5 mA
Power supply current (RAS = CAS =V ,¢) Igp2 100 kA
REFRESH CURRENT Ipp3 25 mA
Average power supply current (RAS cycling, CAS=V, ¢ ; tgrc =375ns ) Igg3 200 uA
PAGE MODE CURRENT Ippa 27 mA
Average power supply current (RAS =V, , CAS cycling ; tpg =225ns ) IBga 200 HA
|
Vcc POWER SUPPLY CURRENT ] 1 10 A ‘
(Data out is disabled) lec B H
INPUT LEAKAGE CURRENT
Input leakage current, any input (Vgg= -5V, OV V| <7V all other e -10 10 pA
pins not under test = 0V)
OUTPUT LEAKAGE CURRENT | 10 N A
(Data out is disabled) oL - . s
OUTPUT LEVELS ‘
Output high voltage (I = -5mA) Vou 2.4 v 1
Output low voltage (g, = 4.2mA) VoL 0.4 \ I
Notes: :‘
1) All voltages are referenced to Vgg. retention. However, the Vg (min) specification is not |
2) Output voltage will swing from Vgg to Ve when ac- guaranteed in this mode.
tivated with no current loading. For purposes of main- 3) When Data out is enabled, V¢ power supply current
taining data in the standby mode, V¢ may be reduced depends upon output loading; V¢ is connected to the
to Vgg without affecting refresh operations or data output buffer only.
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DYNAMIC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

MB 8116E MB 8116H
Parameter Symbol Min Max Min Max Units
Time between Refresh tREF 2 2 ms
Random Read/Write Cycle Time tRC 375 375 ns
Read-Write Cycle Time tRWC 375 375 ns
Page Mode Cycle Time tpc 225 170 ns
Access Time from RAS 7 @ tRAC 200 150 ns
Access Time from CAS tcAC 135 100 ns
Output Buffer Turn Off Delay tOFF 0 50 0 50 ns
Transition Time tT 3 50 3 35 ns
RAS Precharge Time tRp 120 100 ns
RAS Pulse Width tRAS 200 32000 150 32000 ns
RAS Hold Time tRSH 135 100 ns =
CAS Precharge Time tep 80 60 ns 8
CAS Pulse Width teas 135 10000 100 10000 ns 2
RAS to CAS Delay Time f@| tgeo | 30 65 25 50 ns g
CAS to RAS Precharge Time tcrp -20 -20 ns 2
Row Address Set Up Time tASR 0 0 ns g
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 m twes -10 -10 ns
Write Command Hold Time twcH 55 45 ns
Write Command Hold Time Referenced to RAS twer 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 towL 80 60 ns
Data In Set Up Time tps 0 0 ns
Data In Hold Time tpDH 55 45 ns
Data In Hold Time Referenced to RAS tDHR 120 95 ns
CAS to WE Delay tcwp 95 70 ns
RAS to WE Delay | trwp 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 ty=5ns.

6) Viyc (min) or Vi (min) and V| (max) are reference
levels for measuring timing of input signals. Also,
transition times are measured between Viyg or Vy
and V).

7) Assumes that tgcp<trcp(max). If tgcpis greater
than the maximum recommended value shown in this
table, trac Wwill increase by the amount that trcp
exceeds the value shown.

8) Assumes that tg cp=trcp (max).

9) Measured with a load equivalent to 2 TTL loads and
100pF.

10) Operation within the tgrcp (max) limit insures that
trac(max) can be met. tggp(max) is specified as a
reference point only; if tgcp is greater thanthe speci-
fied tgcp(max) limit, then access time is controlled
exclusively by tcac.

twes. tcwp and trwp are not restrictive operating
parameters. They are included in the data sheet as
electrical characteristics only. If twcs=0Ons or
twes>trep-trep (max), the cycle is an early write
cycle and the data out pin will remain open circuit
(high impedance) throughout entire cycle.

If tcwp=tcwp(min) and trwp=>trwp (min), the
cycle isa 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.

1
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Read Cycle Timing Diagram

tn
RC
tRAS
t |
—_— ViHe— N AR ‘_I s y
RAS \
ViL- \ 7/
| ——tRp ——=f
t
tRcD e —tcrp—=f
CAS |
ADDRESSES
WE
D Vou- OPEN J i VALID Y
ouT Vor- % DATA ,>
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Write Cycle (Early Write)

[ tRc
- tRAS
J— ViHc— AR
RAS tHe 7 \__
Vi - .
tRSH 1,
] RSH I RP
treD tcas [=—tcRp—=f
CAS Vine— \ | /’ /
ViL— Z
f—tcp
tasr | |tRAH tCAH
e tASC—=]
Vin— d ROW COLUMN :
ADDRESSES y, "_ ADDRESS 4 \ _ ADDRESS
towe
twes
twecH=
__ ViHc— ) twp /
WE Vi X | | .
: —tRWL
twcR =
I——tDsl—-—tDH
Vi — VALID
o N
N V- DATA
1DHR 1
Von—
DouT OPEN
[ o
on’t Care
Read—Write/Read—Modify—Write Cycle
" tRwe
RAS
RAS lec- \t—tAn_—_' 7 1 —
-
; tRSH tRP
tReD \ tcas F=-tcrp-
I ViHc— f
CAS V:‘:S \‘ ( /I / \
=——tcp——|
tASR tRAH tcAH
tasc
VinT\F FoW coLumN Y ) t
ADDRESSES ;.. A ADDRESS ADDRESS . ~ 1
=/ A\ 7
] [
tRWD r——tCWL———{
tRCsH } tcwp tRWL
I ViHe— L Lok
WE ViL— 7
twp
tcac——— —= %—to“
VoH- pd VALID
OPEN
Dout Vor— < DATA A
tRAC tDH
tps
- L VALID .
Din - X DATA X

Don’t Care
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“RAS—ONLY"’ Refresh Cycle
NOTE: CAS =V ¢, WE = Don't care

tRC
e tRAS ——————————=—

Vine- 'S \
e IHC
RAS ViL— N / \

~—tRAH tRP

ROW
ADDRESS

ADDRESSES

Vou-
Vor—

Dout OPEN

E] Don’t Care

Page Mode Read Cycle

tRAS

-——tAn——1
J— Vinc—
AAS IHC \_

CAS

v
ADDRESSES

Dout
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Page Mode Write Cycle

tRAS
J— ViHe- ‘AR_"{
RAS " y
TRSH—=— trp
t,
[FCP; ~—tcas— t:tCAs—*j F‘CRP
GAS \ P 4 Z
et tCAH
tasc
|
ViH X coL K
ADDRESSES ;" ADD
twcH
f——tow L —==i
— Vine— '
WE V'Itf N /
= —
—-r"wcr
tDSI-—l =—tDH—= tDSt—-— et D H —e=f
D Vin-"" VALID VALID >(
IN V- DATA DATA
tDHR

D Don’t Care

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 (A,
through Ag) 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 (CAS). 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
(tran) 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 MB 8116 during
a write or read-write cycle. The last
falling edge of WE or CAS is a strobe for
the Data In (D)) register. In a write
cycle, if WE is brought low (write
mode) before CAS, D,y 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 Dy
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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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 tgac from transition of RAS
when tgcp (max) is satisfied, or after
tcac from transition of CAS when the
transition occurs after tgcp (max).
Data remains valid until CAS is returned
to a high level. In a write cycle the
identical sequence occurs, but data 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:

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

only refresh avoids any output during
refresh because the output buffer is in
the high impedance state unless CAS is
brought low. Strobing each of the 128
row-addresses with RAS will cause all

bits in each row to be refreshed. Further
RAS-only refresh results in a substantial
reduction in power dissipation.

RAS/CAS CYCLE

LONG RAS/CAS CYCLE

Current Waveforms

NOTE: Vpp = 13.2V, Vgg = -4.5V, T, = 25°C

RAS ONLY CYCLE

PAGE MODE CYCLE

RAS
- L
80 A I"\
® T N N IA
AR | LEF I [T 1Y
wa " YT S J / N
40
o2V A VTV \'d "
—40
100
Sy A A A
40 |—| AY
. 4( I \ / 1\
A LU TN NN ] N J
50ns/Division

TYPICAL CHARACTERISTICS CURVES

Fig. 2 — NORMALIZED ACCESS TIME
vs Vpp SUPPLY VOLTAGE

TYPICAL

-
N

-

NORMALIZED trac
1=

4
©

=]
o

10 " 12 13 14
Vpp:SUPPLY VOLTAGE (V)
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vs Vgg SUPPLY VOLTAGE
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Fig. 4 — NORMALIZED ACCESS TIME
vs Vcc SUPPLY VOLTAGE
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Fig. 5 — NORMALIZED ACCESS TIME
vs Tj JUNCTION TEMPERATURE

Fig. 6 — Ipp; (AVERAGE)
vs CYCLE RATE

Fig. 7 — Ippq (AVERAGE)
vs Vpp SUPPLY VOLTAGE
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Fig. 14 — Ipps (PAGE—MODE)
vs CYCLE RATE

1
SO_TYPICAL] [

2 Vpp =132V
£ Vg =45V
= 40l—{Ta =25°C
z
ui
4
o
2 30
o
>
e
a 20
3 —~
<

—
8 10
- -t

1 2 3 4 5

CYCLE RATE (MHz)

Fig. 17 — Viuc. ViLc INPUT LEVELS
vs Vpp SUPPLY VOLTAGE

Tv'mc,IAL! 1, ‘ |

Vgg =-5.5Vfor V|

ad
o

=25"C |

1

—Veg= —4.°5Vfor ViLe
Ta

T
Vine

Tl |
Vypc MAX)

u\mlN)

-
o

Vine ViLe, INPUT LEVEL (V)
N
o

10 11 12 13 14
Vpp. SUPPLY VOLTAGE (V)

Fig. 20 — Vyy, V) INPUT LEVLES
vs Vpp SUPPLY VOLTAGE

Lrveeal ] | ]
Vgg =-5.5Vfor V

Vg =-4.5Vfor V,,
| Ta =25°C

] |

w
=)

\

Vi ViU, INPUT LEVEL (V)
- N
=) =)

10 11 12 13 14
Vpp. SUPPLY VOLTAGE (V)

Viner ViLe INPUT LEVEL (V) IppasSUPPLY CURRENT (mA)

Vi, V)L INPUT LEVEL (V)

Fig. 15 — Ippg (PAGE—MODE)
vs Vpp SUPPLY VOLTAGE

T T 1
| TYPICAL |
Vgg = -4.5V
| tpc =225Ns
=25°C

o
o

N

S
o

[
o

3
\
Y

=

10 11 12 13 14
Vpp- SUPPLY VOLTAGE (V)

Fig. 18 — Vinc. ViLe INPUT LEVELS
vs Vgg SUPPLY VOLTAGE

T
_TYPICAL| | }

Vpp = 13:2Vfor Ve
[ Voo =10.8Vfor V, ¢
- Ta =25°C_| |

T T Jr
Ve (MIN)
L1

Vi MAXY

jd
=)

»
=)

-
o

40 45 -50 55 60
Vgg, SUPPLY VOLTAGE (V)

Fig. 21 — Vi, Vi INPUT LEVELS
vs Vgg SUPPLY VOLTAGE

Tv'méALl ] l
Vpp = 13.2Vfor V,

—< Vpp =10.8Vfor V,
Ta_=25°C
-

d
=)

Vi (MIN)
| [
B T 1
Vv, (MAX)

g
=)

-
o

-40 -45 -50 -55 -60

Vgg. SUPPLY VOLTAGE (V)

1-54

Viner ViLe INPUT LEVEL (V) Ippa SUPPLY CURRENT (mA)

Vinr Vi INPUT LEVEL (v)
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PACKAGE DIMENSIONS

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

_—==2 0°~9
R T e W ——— B e B . W B T__
R .060 (1.27) REF
.282 (7 16] 290 (7.37)
.239 27 59; .310 (7 87)
° |
—r e e T e T
| S s 008 (0 20)
[ .808 (20 52) b

*1 087 (2 21) MAX
[ |

I . =
.067 (1.70) 200 (5 08) MAX

084 (2.13) 8

020 (051){.120 (3 05) g

045 (1 14) | 140 (3 56) s

o TS 032 (0.81) 042 (107) g

10 (2. REF 062 (158) o

»n

700 (17.78) REF—-J .015 (0 38) Dimensions in
.023 (0.58) 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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FuJITSU STATIC RANDOM
Iy A©CESS MEMORY

1024-BIT STATIC RANDOM ACCESS MEMORY
WITH SEPARATE 1/0

The Fujitsu MB 8101 is a 256 word by =~ ® Fast access time:

4 bit static random access memory 250 ns max. (MB 8101E)
fabricated using N-channel silicon gate 450 ns max. (MB 8101N)
MOS technology. All devices are fully
compatible with TTL logic families

in all respects: inputs, outputs, and the ©® 1L compatible inputs and outputs
use of a single +5V DC supply. For ® Three-state output with OR-tie

ease of use, two chip-enables permit capability

selection of an individual package
when outputs are OR-tied. All devices
offer the advantages of low power
dissipation, low cost, and high per- ® Qutput disable provided for use in
formance. common data bus systems

® Standard 22-pin DIP package
® Pin compatible with the 2101

® Single +5V DC supply voltage

® Two chip enable leads for
simplified memory expansion

® 256 words X 4 bits organization

® Static operation: no clocks or
refresh required

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Supply Voltage Vee -0.5to +7 \%
Input Voltage VIN -0.5to +7 \
Output Voltage VouT -0.5 to +7 \
Storage Temperature Tstg ~-65 to +150 °c
Power Dissipation Pp 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 8101N/E

CASE DIP22-A
CERAMIC PACKAGE

PIN ASSIGNMENT

Azl 2 Vee
A2 217 A,
A3 20 |R/wW
Ag[]4 19/ | CE,
As[ |5 18] Jobp ‘
As[ |6 17[_|CE, |
A7 16[ DO,

GND[ |8 15[ ]Dlg4

o, [9 14[]D03

o[ |10 13[]DI3

DIy {11 12[7]1DO,

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.



Y
FUJITSU

MB 8101 N/E (MMM

Fig. 1 —MB 8101 BLOCK DIAGRAM
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1/0 CIRCUITS B )
oo 3
(o]
o_—m INPUT COLUMN %_
SELECT
DI DATA
? CONTROL l @
Diyo—[> ] g 3—* DOy
olgo—{> ] ! —?—ﬂooz
Asg Ag Aq

CAPACITANCE (1,=25°C; f=1MHz)

Parameter Symbol Typ Max Unit
Input Capacitance (V,, =0V) Cin 4 8 pF
Output Capacitance (Vo ,1=0V) Cout 8 12 pF
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RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)

. . Ambient
Parameter Symbol Min Typ Max Unit Temperature
Supply Voltage Vee 4.75 5.0 5.25 Y,
Input Low Voltage Vie -0.5 0.65 Y, 0°C to +70°C
Input High Voltage Vin 2.2 Vee \
STATIC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
Parameter Symbol Min Max Unit
Input Leakage Current (V,, =0V to 5.25V) e 10 HA
Output Leakage Current (EE1 =22V, Vo r=4.0V) loLs 10 HA
Output Leakage Current (CE, =2.2V, V,,7=0.45V) loLs -25 pA
Power Supply Current (V| =5.25V, | ;=0mA, TA=0°C) lec 70 mA
Output Low Voltage (I, =2mA) VoL 0.45 \"
Output High Voltage (I5,,=-150uA) Vou 2.2 \Y)
Fig. 2 — DYNAMIC TEST CONDITIONS
Input Pulse Levels: 0.65V to 2.2V ° ) JDD
Input Pulse Rise and Fall Time: 10ns _I_
Timing Measurement Reference Levels Input: 1.5V cL
Output: 0.8V and 2.0V I
Output Load: 1 TTL Gate and C_=100pF =
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DYNAMIC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
READ CYCLE
MB 8101N MB 8101E
Parameter Symbol Unit
Min Typ Max Min Typ Max
Read Cycle tac 450 250 ns
Address Access Time tacc 450 250 ns
Chip Enable to Output tco 350 180 ns
Output Disable to Output top 300 130 ns
Data Output to High Impedance o 0 150 0 150 ns
Previous Read Data Valid after Change of Address ton 40 40 ns
READ CYCLE TIMING DIAGRAM
tRe
Address >< ><

tco

&, \\ /
CE, /[ \
tOD‘—
oD
{COMMON 1/0) ] —ton

- tace T ——

DATA OUT >< DATA OUT VALID

Notes: 1) tpg is measured with respect to the trailing edge of C_El , CE,, or OD, whichever occurs first.
2) OD should be tied low for separate 1/O operation.
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WRITE CYCLE

MB 8101N MB 8101E
Parameter Symbol Unit
Min Typ Max Min Typ Max
Write Cycle twe 450 170 ns
Address to Write Setup taw 100 20 ns
Chip Enable to Write tew 350 100 ns
Data Setup Time tow 200 100 ns
Data Hold Time ton 100 0 ns
Write Pulse Width twp 250 150 ns
Write Recovery Time twr 50 0 ns
Output Disable Setup tos 150 70 ns

WRITE CYCLE TIMING DIAGRAM

twe

Address >< ><

toy———=
& /
oD
(COMMON 1/0) 7V
CE; \

tew toH

DATA IN
DATA IN STABLE
tps | tow
RW * //
— taw | twp twr
Notes: 1) tpr is measured with respect to the trailing edge of CE,, CE,, or OD, whichever occurs first.
2) OD should be tied low for separate 1/0 operation.
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TYPICAL CHARACTERISTICS CURVES

Fig. 3 — Igc SUPPLY CURRENT
vs Vg SUPPLY VOLTAGE
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Fig.6 — o,y OUTPUT SOURCE CURRENT
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IoL, OUTPUT SINK CURRENT (mA)

VitH. INPUT THRESHOLD VOLTAGE (V)

A
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Fig.5— 1o, OUTPUT SINK CURRENT
vs Vo, OUTPUT LOW VOLTAGE
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PACKAGE DIMENSIONS

22-LEAD CERAMIC DUAL-IN-LINE PACKAGE
(CASE DIP22-A)

=== 0° ~9°
22 12] | T
R 050(1 27)REF
.380(9.65) 390(9 91)
396(10 06) 410(10 41)
1 1 ‘
[.—_.__J___—f._,_,u._.._.—— ;
___.1.070(2718) 008(0
f 1 100(27.94) —I 012:0 gg;

050(1 27)MAX

1 [ :

075019 T [ =
093(2.36) | | 180(4.57)MAX
i ' 140(3.56)
0.51) |
1 02000.51) 11555 0s)
\ 050(1 27)
090(2.29) - -—l 1 o |
110(2 79) o 015(038) | .. 042(1 06)
( — ~023(058) 062(1 58) |
| Dimensions in
1 000(25 4)REF 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 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 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 8111E)
450 ns max. (MB 8111N)

Single +5V DC supply voltage
Common data input and output
TTL compatible inputs and outputs

Three-state output with OR-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 -0.5to +7 \Y)
Input Voltage ViN -0.5to +7 \%
Output Voltage Vout -0.5to +7 \"
Storage Temperature Tstg -65 to +150 °
Power Dissipation Pp 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.

MB 8111N/E

CASE DIP18-D
CERAMIC PACKAGE

PIN ASSIGNMENT
As[]1 N 18| ] Ve
A2 17’:) A4
A3 16 ] RW
Ao[]a 15[ ] CE,
As[s 14t]|/o4
As[ |6 13[ ] 1/03
As(]7 12[] 10,

GND[ |8 1 ]1/0,
ob[]9 10 ] CE,

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 8111 BLOCK DIAGRAM

—~—o Ve
~————0 GND
CELL ARRAY

32 ROWS
Azo—>""| ROW SELECT

32 COLUMNS

h_ COLUMN 1/0 CIRCUITS

INPUT DATA

CONTROL COLUMN SELECT

il

1/0, o

1/040

e
>
11030 1>
>

CAPACITANCE (1,=25°C; =1MHz2)

Parameter Symbol Typ Max Unit
Input Capacitance (V= 0V) Cin 4 8 pF
1/0 Capacitance (Vo = OV) Cio 10 15 pF




(R
FUJITSU

AR MB 8111 N/E

RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)
Parameter Symbol Min Typ Max Unit Tgn":)':i'zr’::lre
Supply Voltage Vee 475 5.0 5.25 Vv
Input Low Voltage Vi -05 0.65 v 0°C to +70°C
Input High Voltage Vin 22 Vee \"
STATIC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
Parameter Symbol Min Max Unit
Input Leakage Current (V,,, =0V to 5.25V) e 10 UA
1/0 Leakage Current (CE,=CE,=2.2V, V, /0=4.0V) loL 10 uA
1/O Leakage Current (CE,=CE,=2.2V, V, /o =0-45V) lovLe2 -25 LA
Power Supply Current (V,N= 525V, 1,,0=0mA, TA=0°C) 'CC 70 mA
Output Low Voltage (I5, =2mA) Voo 0.45 \Y
Output High Voltage (I5,,=-150uA) Vou 2.2 \%

Fig. 2 — DYNAMIC TEST CONDITIONS

Input Pulse Levels:
Input Pulse Rise and Fall Time:
Timing Measurement Reference Levels

Output Load:

0.65V to 2.2V
10ns
Input: 1.5V

Output: 0.8V to 2.0V

1 TTL Gate and C, =100pF

«1
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DYNAMIC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
READ CYCLE
MB 8111N MB 8111E
Parameter Symbol Unit
Min Typ Max Min Typ Max
Read Cycle { tee 450 250 ns
T
Address Access time | tace 450 250 ns
Chip Enable to Output ‘ teo 350 180 ns
Output Disable to Output too 300 130 ns
Data Output to High Impedance toe 0 150 0 : 150 ns
| |
T
Previous Read Data Valid after Change of Address ‘ ton 40 40 L ns
<
O
»
E
(1]
3
READ CYCLE TIMING DIAGRAM g
]
tRre
Address >< ><
tco
CE, /
tco
& /
top—
o0 VA r—
tacc toF
DATA I/O >< DATA OUT VALID
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WRITE CYCLE
MB 8111N MB 8111E
Parameter Symbol Unit
Min Typ Max Min Typ Max

Write Cycle twe 450 170 ns
Address to Write Setup taw 100 20 ns
Chip Enable to Write tew 350 100 ns
Data Setup Time tow 200 100 ns
Data Hold Time ton 100 0 ns
Write Pulse Width twp 250 150 ns
Write Recovery Time twa 50 0 ns
Output Disable Setup ths 150 70 ns

WRITE CYCLE TIMING DIAGRAM

twe
Address >< ><
tew
&, /
| tew
CEy \t\ /
oD 7/
tps —= tpy 1*
DATA 1/0 >< DATA IN STABLE X:
tow
R/W ]/
— t AW f 'vvr 'wn
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TYPICAL CHARACTERISTICS CURVES

lcc. SUPPLY CURRENT (mA)

lon. OUTPUT SOURCE CURRENT (mA)
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Fig. 3 — Igc SUPPLY CURRENT
vs Vec SUPPLY VOLTAGE
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Fig.5—1g, OUTPUT SINK CURRENT
vs Vg, OUTPUT LOW VOLTAGE
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PACKAGE DIMENSIONS

0/ o r——m c——m - r—— _C—

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

R .050 (1.27)
REF 278 (7.06) 290 (7.37)
298 (7.57) 310 (7.87)
890 (22.61) 008 [0.20)
910 (23.11) 908 (0.20)
—= ’k 087 (2.21) MAX
[ ] T

.075 (1.91)
.095 (2.41)

090 (2.29)_|
110 (2.79) 1_.1 _7.2‘2 (1.07)

' .062 (1.58)

| |-200(5.08) MAX

.120 (3.05)
Iggg{%g;; .140 (3.56)

t |
!'
.800 (20.32) REF__i L_

.032 (0.81)REF

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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1024 BIT STATIC MOS RANDOM ACCESS MEMORY

® 1024 words by 1 bit static MOS ® Simple memory expansion —
RAM chip select input

® No clocks or refreshing required ® Low power dissipation — typically

® Fast access time — 450 ns 150 mw

e Single +5V supply voltage ® Full on-chip address decode

® TTL compatible input and output e All !nputs have protection against

static charge
® Three-state output — OR-tie

® N-channel silicon gate MOS

capability technology

ABSOLUTE MAXIMUM RATINGS (See Note)

Parameter Symbol Value Unit
Supply Voltage Vee -05to+7 Vv
Input Voltage VIN -0.5t0 +7 \
Output Voltage VouT -0.5to +7 \%
Operating Temperature Top Oto +70 °c
Storage Temperature Tstg -65 to +150 °c

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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MB 8102

PIN ASSIGNMENT

Ash \Y 6P a;

As(] 2 15[ Ag
rw3 121 Ag
AQs 13fJCS
A2[s 12[J DATA OUT
AzQds6 11 DATA IN
VY s b/ 100 vee
Aolds ] 8 JIN)
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FIG. 1-BLOCK DIAGRAM

A2 ROW 32X 32
DECODER CELL ARRAY
m——
RW ——W 1/0 CONTROL  Dour
INPUT
DATA
CONTROL
COLUMN
Din ——ﬁ DECODER
oIz .
Ag Ag A7 Ag Ag
RECOMMENDED OPERATING CONDITIONS
(1) D.C.
Ta=0°Cto +70°C
Parameter Symbol Min. Typ. Max. Unit
Supply Voltage Vee 4.75 5.0 5.25 \Y
Input Low Voltage ViL -0.5 0.65 \Y
Input High Voltage ViH 2.2 Vee \'
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(2) A.C.
Ta =0°Cto +70°C
Parameter Symbol Min. Typ. Max. Unit
Read Cycle tRc 450 ns
Write Cycle twe 450 ns
Address to Write Setup taw 150 ns
Write Pulse Width twp 200 ns
Write Recovery Time tWR 50 ns
Data Setup Time tpw 200 ns
Data Hold Time tpH 50 ns
Chip Select to Write Setup tow 200 ns
Chip Select Hold Time tcH 0 ns
ELECTRICAL CHARACTERISTICS
(1) D.C.
Tp=0°Cto +70°C
Parameter Symbol Conditions Min. Typ. Max. Unit
Input Load Current Ly VN = 0 to 5.25V 10 uA
Output Leakage Current ILoH VOUTC=SZ=.42\}2t\(/J Vee 10 HA
Output Leakage Current ILoL Vg—ng: =2(2)\A:V -25 uA
All Input = Vce
Power Supply Current lcet Tao=25°C 30 60 mA
Doyt Open
All Input = Ve
Power Supply Current lcc2 Ta= 0°c 70 mA
Doyt Open
Output Low Voltage VoL loL=32mA 0.4 \
Output High Voltage VoH loH =-100 uA 2.2 \%
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(2) A.C.*
Ta=0°Cto +70°C
Parameter Symbol Min. Typ. Max. Unit
Address Access Time tACC 450 ns
Chip Select Access Time tco 200 ns
Previous Read Data Valid with Respect to ¢ 50
Address Change OH1 ns
Previous Read Data Valid with Respect to ¢ 0 ns
Chip Select OH2
*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 C_ = 100 pF
(3) CAPACITANCE .
(Periodically Sampled), Tp =25 C, f = 1 MHz
Parameter Symbol Conditions Min. Typ. Max. Unit
Input Capacitance _
(Address, CS, D) Cint ViN=0v 5 pF
Input Capacitance (R/W) CiN2 VIN =0V 7 pF
Output Capacitance Cout VouyTt =0V 10 pF
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TIMING DIAGRAM
WRITE CYCLE
twc
ADDRESS X X
taw -l twp W
RMW /
tcwW —————————and tCH
s
_ (o]
cs )
<
e . 3
1 1
DW DH 3
=
o
()
Din DATA STABLE
READ CYCLE
tRC
ADDRESS X X
tacc tOH1
cs
tCO ——— tOH2 a—
dé DATA VALID )
Dout ) K
N /
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TYPICAL CHARACTERISTICS CURVES

FIG. 2 — SUPPLY CURRENT
VS. AMBIENT TEMPERATURE

FIG. 3 — SUPPLY CURRENT
VS. SUPPLY VOLTAGE

FIG. 4 — OUTPUT CURRENT
VS. OUTPUT VOLTAGE
(NON SELECT)
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PACKAGE DIMENSIONS

16-LEAD CERAMIC DUAL-IN-LINE PACKAGE
(CASE DIP16-A)
P T W —— S —— W = S —— S r——‘.‘-—-‘———q":zzj 00'\190
16 9| |
R .040 (1.0) REF
.287 (7.29) .290 (7.37)
1299 (7.59) .310 (7.87)
1 o) | ‘
.760 (19.30) _J ’,oos (0.20)
' 800 (20.32) - .012 {0.30)
.050 (1.27) MAX
_ [ ]
.070 (1.78) J s
088 (2.24) | 160 (4.06) MAX (o)
042 (1.07) | g
. . .020 (0.51) |.120 (3.05)
062 (1.58) 1043 (1.10) |.140 (3.56) g
90 (2.29)_| . .
BER L e I 3
(1
I 1
015 (0.38) .700 (17.78) REF (]
.023 (0.58) Dimensions in
inches (millimeters)
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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)

MB 8112N/E

A O/ e[dvee
A 2 15[ ] As

A,]j
Ao':

As[]
As[]
A1
GND []

Rating Symbol Value Unit
Supply Voltage Vee -0.5to +7 \
Input Voltage VIN -0.5 to +7 \
Output Voltage VouT -0.5to +7 \
Storage Temperature Tstg -65 to +150 °c
Power Dissipation PD 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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CASE DIP16-A
CERAMIC PACKAGE

PIN ASSIGNMENT

14 Rw
13[]CE
12[7]1/04
[ 11/05
10[]1/0,

9[]1/0,

o N O O » W
-
-

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 8112 BLOCK DIAGRAM
Aoo——{X —~——ovVee
A ||
! [z CELL ARRAY ————o0GND
32 ROWS
A H > ROW SELECT
: 32 COLUMNS
Aj O—E ||
Aq
1/0 0——[ Z
' —1 COLUMN /0O CIRCUITS
1/0
2® {X INPUT DATA
11050 {X CONTROL COLUMN SELECT
1/04 0— E
As Ag Ag ’—%]:7—
L 4
3 —
R/W
CAPACITANCE (1,=25°C, f=1MHz)
Parameter Symbol Typ Max Unit
Input Capacitance (V,,=0V) Cin 4 8 pF
1/0 Capacitance (Vo= 0V) Cio 10 15 pF
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RECOMMENDED OPERATING CONDITIONS
(Referenced to Vgg)
Parameter Symbol Min Typ Max Unit TeAmn;l;:;‘::re
Supply Voltage Vee 475 5.0 5.25 \Y;
Input Low Voltage Vie -05 0.656 Vv 0°C to +70°C
Input High Voltage Viu 2.2 Vee v
STATIC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
. . . =
arameter Symbol Min Max Unit (o)
w
Input Leakage Current (V= 0V to 5.25V) he 10 HA %
— 3
1/0 Leakage Current (CE=2.2V, V,  =4.0V) loLt 10 LA =}
g.
1/0 Leakage Current (CE=2.2V, Vo =0.45V) loLe2 -25 uA
Power Supply Current (Viy=5.25V, || ,,=0mA, T, = 0°c) lee 70 mA
Output Low Voltage (I, =2mA) Voo 0.45 \Y]
Output High Voltage (15,,=-150uA) Vou 2.2 \

Fig. 2 — DYNAMIC TEST CONDITIONS

Input Pulse Lavels: 0.65V to 2.2V ° Dﬂ, °
Input Pulse Rise and Fall Time: 10ns l
Timing Measurement Reference Levels Input: 1.5V c
Output: 0.8V and 2.0V t l
Output Load: 1 TTL Gate and C_=100pF —
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DYNAMIC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

READ CYCLE
MB 8112N MB 8112E
Parameter Symbol Unit
Min Typ Max Min Typ Max
Read Cycle tre 450 250 ns
Address Access Time tace 450 250 ns
Chip Enable to Output tco 350 180 ns
Chip Enable to Output Disable Time tcp 0 150 0 120 ns
Previous Read Data Valid after Change of Address ton 40 40 ns
READ CYCLE TIMING DIAGRAM
tHb
ADDRESS ><
too——
cE 7 /
tace
— ton —tco~—
DATA 1/0 HIGH Z >< o HIGHZ X
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WRITE CYCLE #1
MB 8112N MB 8112E
Parameter Symbol - Unit
Min Typ Max Min Typ Max
Write Cycle twes 450 200 ns
Address to Write Setup taws 100 20 ns
Data Setup Time tows | 200 | 180 ns
}
Write Pulse Width twes 250 | 180 ns
il
1
Chip Enable Setup Time tess 0 0 ns
Chip Enable Hold Time teHn 0 0 ns
Write Recovery Time twr1 50 0 ns
Data Hold Time toHs 50 0 ns
Chip Enable to Write Setup Time L tews 250 J 180 ns
WRITE CYCLE #1 TIMING DIAGRAM
twer
ADDRESS y< §<
—{tcst towr tCH1
CE
| towt
‘ —— oHi
DATA 1I/0 XDATA IN STABLE
—— taws twe1 twr1
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WRITE CYCLE #2

MB 8112N MB 8112E
Parameter Symbol Unit
Min Typ Max Min Typ Max
Write Cycle twea | 500 ' 250 ns
Address to Write Setup tawz 100 20 ns
Data Setup Time towe 200 110 i ns
Write to Output Disable Time twoz 150 120 ‘ ns
Data Hold Time tona 50 0 ns
Write Recovery Time twarz 50 0 ns
Chip Enable Setup Time teso 0 0 ns
Chip Enable Hold Time tens 0 0 ns

WRITE CYCLE #2 TIMING DIAGRAM
twez
ADDRESS >< ><
l—teso | ton2
CE
— twp2 — toH2
DATA 1/0 r— DATA IN STABLE
| tva‘
RW \ /
\ /
——t tang |e—— r""-“"‘—tWFQ'— —
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TYPICAL CHARACTERISTICS CURVES

Fig. 3 — Igc SUPPLY CURRENT
vs Vo SUPPLY VOLTAGE

R
|
100 | ~T, = 25°C~ 4— b
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ot
2
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€ o0
3 1 _
”
; 40 -
2 11|
S A
8 201~
i
0 ) 5 6 7

Ve SUPPLY VOLTAGE (V)

Fig.6 1o, OUTPUT SOURCE CURRENT
vs Vg OUTPUT HIGH VOLTAGE

Fig. 4 — Icc SUPPLY CURRENT
vs AMBIENT TEMPERATURE
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mB 8112 N/E M

Fig.5—15, OUTPUT SINK CURRENT
vs Vg, OUTPUT LOW VOLTAGE
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vs V,y INPUT VOLTAGE

2 [T 1
g _ 5[—Veem50v-
£ z
w
T 21— o 4
<
S [
2 — -
© o
w > 3
3]
g 5
2 - a
1 E
-1 5 2
[=4 o
=) B . L
£ 5
5 Vec=4.75V | 3
o Ta=25°C >
I l | L = .
° I
- 0 l 1 I 0 _J
0 1 2 3 4 5 0 1 2

Vgn. OUTPUT HIGH VOLTAGE (V)
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PACKAGE DIMENSIONS

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

e — ezzzTz2 0°~9
16 9 }
R .040 (1 0) REF
287 (7 29) .290 (7.37)
b .299 (7 59) 310 (7.87)
1 8 | l
1
e —— D —
760 (19.30) R I 008 0.20)
.800 (20 32) ! .012 (0.30)

[
~—| '—-.050 (1.27) MAX
I’ — — f
070 (1.78
.088 (2.24) .160 (4 06) MAX

T
.042 (1.07) 020 (0 51) | 120 (3 05)
062 (1.58) 043 (1 10) | 140 (3 56)

090 (2.29)__| Al 032(0 81) o
110 (2.79) tl——| H REF
|

700 (17.7
.015 (0.38) ( 8) REF

.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 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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[IGHIMIMIEG) MOS 1024-BIT  MBM 2115N/E/H/Y

FUJITSU

MBM 2125N/E/H/Y

WD Access memory

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
® | ow power dissipation

® All inputs protected against static

charge

e CS (Chip Select) lead for simplified

memory expansion

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Supply Voltage Vee -0.5to +7 vDC
Input Voltage VIN -0.5 to +5.5 vDC
Output Voltage - VouT ~0.5to +7 vDC
DC Output Current louT 20 mA
Temperature Under Bias Ta -10 to +85 °c
Storage Temperature Tstg -65 to +150 °c

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS

are exceeded. Functional operation should be restricted to the conditions
as detailed in the operational sections of this data sheet. Exposure to

absolute maximum rating conditions for extended periods may affect device

reliability.
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CASE DIP16-A
CERAMIC PACKAGE

® Fully decoded

® Standard 16-pin DIP package

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

PIN ASSIGNMENT

s 1 N

Vee
As[ ]2 15 o
As[ 3 14 | WE
A ]a 13 |Ao
Ag[ |5 12["]a,
A [ |6 1A

Dou-rlj7 10]_]As

GNDI:S o JAs

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.

N SON

)
3
<]
3
®
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FUJITSU MBM 2115N/E/H/Y
WHIIEE  MBM 2125N/E/H/Y

Fig. 1 — MBM 2115/25 BLOCK DIAGRAM
Word 32x32
Driver Array
Sense Amps
and Control D
Write - Logic > YouT
Drivers
TRUTH TABLE
Address Address
Decoder Decoder INPUTS MBM 2115 | MBM 2125 MODE
CS | WE | D|y | Output Output
S - N e
Ao~ A4 As~ A9 Lo mw H HIGH Z WRITE 1"
L H X Dout Dour READ
DC AND OPERATING CHARACTERISTICS
(Ta =0°C~75°C, Vcc = +5V £5%, unless otherwise noted.)
Parameter Symbol Min Typ Max Unit
MBM 2115 Output Low Voltage (1o =12mA) VoL1 —_ 0.3 0.45 \
MBM 2125 Output Low Voltage (Ig = 7mA) VoL2 - 0.3 0.45 \%
MBM 2125 Output High Voltage (Igy = —3.2mA) Vou 24 — — \%
Input Low Voltage ViL — —_ 0.8 \
Input High Voltage ViH 2.1 — —_— \
MBM 2115 Output Leakage Current (VoyT = 4.5V) loL1 — —_ 50 uA
MBM 2125 Output Current (High Z) (VouyTt = 0.5/2.4V) loL2 — —_— 50 MA
Input Leakage Current (Vyy = 0.4/4.5V) i —_ —_ 10 MA
MBM 2115N/25N Icc —_— —_ 65 mA
Power Supply Current . o 5 A
(Ve = max.; all inputs = V) MBM 2115E/25E lcc 6 m
MBM 2115H/25H lcc —_ —_— 100 mA
CAPACITANCE (f =1 MHz; V¢ = +5V; Tp = 25°C)
Parameter Symbol Min Typ Max Unit
Input Lead Capacitance C —_ 4 5 pF
Output Lead Capacitance Co —_ 7 8 . PpF
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AC CHARACTERISTICS

(Ta = 0°C ~ 75°C, Vcc =45V * 5%, unless otherwise noted.)

READ CYCLE (MBM 2115N/E/H)

MBM 2115N MBM 2115E MBM 2115H
Parameter Symbol Unit
Min Typ Max Min Typ Max Min Typ Max
Address Access Time tAA —_ 90 120 _— 65 95 e 55 70 ns
Chip Select Time tcsa 5 —_— 35 5 -_ 35 5 —_— 35 ns
Chip Select Recovery Time | tcsgr _ _ 40 _— — 40 — —_ 40 ns

WRITE CYCLE (MBM 2115N/E/H)

MBM 2115N MBM 2115E MBM 2115H
Parameter Symbol Unit
Min Typ Max Min Typ Max Min Typ Max
Write Disable Time tws —_— —_ 40 —_— _ 40 —_ —_ 40 ns g
Write Recovery Time twRr 5 —_ 50 5 — 50 5 —_ 45 ns »
=
Write Pulse Width tww 60 — — 60 — — 50 —_ — ns g
Data $et Up Time Prior tos 15 . . 15 . . 5 o . ns g
to Write 3
(7]
Data Hold Time After Write | tpy 15 — —_ 15 — _— 5 —_— —_— ns
Address Set Up Time tas 20 —_ — 20 — 15 —_ —_ ns
Address Hold Time tAH 15 —_— —_— 15 — — 5 _ e ns
Chip Select Set Up Time tcs 15 —_— —_— 15 — — 5 — — ns
Chip Select Hold Time tcH 15 —_— — 15 — —_ 5 —_ — ns
READ CYCLE TIMING DIAGRAM WRITE CYCLE TIMING DIAGRAM

AOIAQ *
Ag-Ag > ' tas tww—

tAH K
t NI
- csA tcs —1tcH
cs =
tos =— ~toH
taa tcsr Din

DouT _

tws = — twr

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

M 2115N/E/H/Y
MBM 2125N/E/H/Y

MBM 2125N MBM 2125E MBM 2125H
Parameter Symbol Unit
Min Typ Max Min Typ Max Min Typ Max
Address Access Time taAA — 90 120 —_ 65 95 — 55 70 ns
Chip Select Time tcsA 5 —_— 35 5 — 35 5 — 35 ns
Chip Select to High Z tcszr | — —_ 40 _— —_ 40 —_— —_ 40 ns
WRITE CYCLE (MBM 2125N/E/H)
MBM 2125N MBM 2125E MBM 2125H
Parameter Symbol Unit
Min Typ Max Min Typ Max Min Typ Max
Write Disable to High Z twsz — —_ 40 —_ —— 40 — —_ 40 ns
Write Recovery Time twr 5 — 50 5 — 50 5 —_ 45 ns
Write Pulse Width tww 60 —_ —_— 60 —_ —_ 50 —_ -— ns
'I(D::Icristeet Up Time Prior tbs 15 . o 15 . - 5 . - ns
‘?ve;;(:eHold Time After ton 15 - . 15 . . 5 - - ns
.
Address Set Up Time tas 20 —_ —_— 20 _— _— 15 _ _ ns
Address Hold Time tAH 15 — — 15 — — 5 —_ _— ns
Chip Select Set Up Time tcs 15 —_ —_ 15 —_ —_ 5 —_ — ns
Chip Select Hold Time tcH 15 — — 15 —_— — 5 —_— —_ ns

READ CYCLE TIMING DIAGRAM

Ao-Ag \

tcsa

taAA —

tCSZ R~

DouT

HIGH Z ﬂb VALID

HIGH Z

WRITE CYCLE TIMING

DIAGRAM

tas

tww —

WE

t—"cs——* e
Cs

Din

;ktos

DouT

1-90



[,
MBM 2115N/E/H/Y FudiTsu

MBM 2125N/E/H/Y [T

Fig. 2—AC TEST CONDITIONS
Vee
Input Pulse Levels: 0V to 3.5V
Input Rise and Fall Time: 10 ns R;
Timing Measurement Reference Level: 1.5V
Output Load (MBM 2115): R, = 330%2, R, = 600%, DouT
C_ = 30pF
Output Load (MBM 2125): R; =510%, R, = 3002, R
CL =30pF 2 Cu
(including scope and jig)
Fig. 3 — MBM 2125 WRITE ENABLE TO HIGH Z DELAY
Vee
WE 1.5V
Ry
- l— twsz DouT
. e c
DouT g ,/ HIGH Z R t
2105V
e o5V Output Load: R, = 7508
DouT 1 \ HIGH Z R, = 5000
N CL =5pF
Fig. 4 — MBM 2125 PROPAGATION DELAY FROM CHIP SELECT TO HIGH Z
Vee
Cs 1.5V
Ry
tcszR = DouT
Sy c
Dout g // HIGH Z Ry -
47)0.5V
— 05V Output Load: Ry = 75082
Dout ! AN HIGH Z R, =500Q2
D i Cp =5pF
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TYPICAL CHARACTERISTICS CURVES

Fig. 5.— Icc vs TEMPERATURE Fig. 6 — | cc VS Ve
100 100
80 Veg =525V 80 Ta=25°C
< <
E 60 E 60
Q e ~—— g el
Sa0 Sa0 >
20 20 Lt
0 0
0 20 40 60 80 100 2 3 4 5 6 7
Ta (°C) Vee (V)
Fig. 8 — Vjtn VS Fig. 9 — ADDRESS ACCESS
TEMPERATURE TIME vs TEMPERATURE
2.0 1.3
1.2
1.5 b A
s 21 ,‘/
N -
£ 210 T
> Vee = 5.0V z 7 Vee=4.75V
CL =30pF
0.5 8 0.9 L
08
%0 20 a0 60 8o 100 0 20 40 60 80 100
TalPC) T (°C)
Fig. 11 — Vout VS ViIn Fig. 12 — loH VS VoH
5 10
[ [ 1 \
Voo = 5.0V
4 cc 8 \
mMBM 2125| \| [Vvce=4.75V |
3 ~ Ta =25°C
EA <6 2
5 E
o
> 2 _g 4 \
1 2 \
0 0 A
0.5 1.0 15 2.0 0 1 2 3 4 5
Vin (V) VoH (V)
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Fig. 7 — lg VS VoL
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M
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Fig. 10 — ADDRESS ACCESS
TIME vs Ve
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PACKAGE DIMENSIONS

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

P e e
16 9
R .040 (1.0) REF
287 (7.29 .290 (7.37)
299 (7.59; .310 (7.87)
1 8 J

L .760 (19.30) I .008 (0.20)
800 (20.32) - 012 (0.30)

—

*-! .050 (1.27) MAX

— 1
070 (1.78) i
088 (2.24) | 160 (4.06) MAX
—
042 (1.07) 1020 (0.51) |.120 (3.05)
1062 (1.58) .043 (1.10) |.140 (3.56)

90 (2.29)_| .032(0.81
.110 (2.79) La—-i —-IH 9 R:;.:S )
I
015 (0.38) /00 (17.78) REF

.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 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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JRAEIIISANL HiGH SPEED

FUJITSU 4096-BIT (1024X4)

STATIC RANDOM
WAAVWANINIIN access memory

HIGH SPEED 4096-BIT (1024 X 4) STATIC RANDOM
ACCESS MEMORY

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.

MB 8114

Pin-out compatible to 2114 MOS RAM @ All inputs and outputs have
protection against static charge

Fast access time:
150 ns max. {MB 8114H)
200 ns max. (MB 8114E)
250 ns max. (MB 8114N)

Single +6V power supply

® Completely static memory

° e
The MB 8114 is designed for memory Low power dissipation PIN ASSIGNMENT
applications where high performance, ® Common data input and output
low cost, large bit storage and simple using three-state outputs
interfacin.g are required.xTh.e mMB 81 14 e Standard 18-pin dual-in-line Ag 1 ~ 18P vee
is compatible vvfith TTL logic families package A5 o : 178 Ay
in all respects: inputs, outputs.and a As d 3 1 A
single +5V supply. 4 6 Ag
Az Q4 5P Ag
ABSOLUTE MAXIMUM RATINGS (See Note) Ao 8 149 101
A1 Qs 13 102
Rating Symbol Value Unit A2 O 7 12 /03
Temperature Under Bias Top -10to + 85 °c cs s 1np 1o
GND [ 9 10p WE
Storage Temperature Tstg —-65 to +1560 °c
Supply Voltage Vee -0.5 to +7 \% PIN NAMES
Input Voltage ViN -0.5 to +7 \) AOTO A9 | ADDRESS INPUTS
WE WRITE ENABLE
Output Voltage Vout ~-0.5to +7 \ —
CS CHIP SELECT
Power Dissipation Pw 1.0 w 1/01 - 1/04 | DATA INPUT/OUTPUT

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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Fig. 1 BLOCK DIAGRAM
vee GND
As e—
As D> a—
As MEMORY ARRAY
ROW 64 ROWS
A SELECT 64 COLUMNS
6 Jl S
P De—
~g D> a—
1/0q > COLUMN g
__l/_ I 1/0 CIRCUITS »D
1/0, COLUMN =
INPUT SELECT m
< DATA T g
103 N CONTROL :';'
&r
1/04 ‘
cs Ag A1 Ay Ag |
& o
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DC CHARACTERISTICS
Ve =5V £5%, Ta =0°C to +70°C
Parameter Symbol Conditions Min. Typ. Max. Unit
Output Low Voltage VoL loL=2.1mA 0.4 \
Output High Voltage VoH loH =-1.0mA 2.4 \
Input Low Voltage ViL -0.5 0.8 \
Input High Voltage ViH 2.2 \%
Input Load Current L ViN = 0 to +5.25V 10 HA
1/0 Leakage Current ILoL V?/S::z:‘ ZV -10 MA
1/0 Leakage Current ILOH Vf_:/i==25'.22\fﬁv 10 MA
V|N = 5.26V
Power Supply Current Ice 1/0=0mA 920 mA
Ta=0°C
AC CHARACTERISTICS
READ CYCLE
Ve =5V £5%, Tp = 0°C to +70°C
Parameter Symbol Min. Typ. Max. Unit

Read Cycle Time tRC 150 ns
Address Access Time tAA 150 ns
Chip Select Time tco 70 ns
Chip Selection to Output Active tox 0 ns
Chip Select to Output Disable Time tcD 50 ns
Previous Read Data Valid After Change of Address toH 20 ns
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WAVEFORM
READ CYCLE
tRC
D 6 A
tAA
cs \\ C
tcD
tco ton —
INPUT/OUTPUT I _—L (
IL
WRITE CYCLE
Vee =5V £5%, Tp =0°C to +70°C
Parameter Symbol Min. Typ. Max. Unit
Write Cycle Time twe 150 ns
Address to Write Setup Time taw 30 ns
Data Setup Time tpw 50 ns
Write to Output Disable Time twp 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 tDH 0 ns
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WAVEFORM
WRITE CYCLE
} we
Ap-Ag ’i )
= F—‘—- tcs tcH —
twpD f—— tWR ——s]
WE fs— tAW —;\ fe— tDW —7,
tDH
INPUT/OUTPUT )( DATA IN STABLE
DYNAMIC CONDITIONS OF TEST
Input Pulse Levels: 0.8V 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 C|_=50 pF
CAPACITANCE
TA=25°C, f=1MHz
Parameter Symbol Min. Typ. Max. Unit
Input/Output Capacitance CI/O 5 pF
Input Capacitance CIN 5 pF
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2-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 OR-tie

capability

Chip Select (CS) lead for simplified
memory expansion

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Temperature Under Bias TA -25to + 85 °c
Storage Temperature Tstg -65 to +125 °c
Program Input with Respect to Vgg Vp -0.3 to +35 \%
CS/WE with Respect to Vpg VIN2 -0.3to +20 \Y
Vg and Vgg with Respect to Vgg Vee: Vss -0.3to +15 \
Vpp with Respect to Vgg Vpp -0.3 to +20 \%
Power Dissipation Pp 15 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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CASE DIP24-A
CERAMIC PACKAGE

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

Standard (+12V and £5V) power
supplies

® Standard 24-pin DIP package
® |nterchangeable with Intel 2708

PIN ASSIGNMENT

A1 J 24[Vee
As[]2 23| JAs
As[]3 22[ A
A4 21 ]Vas
A3[s 20[]CS/wE
Ax[C]6 19 ]Vpp
A7 18/ JPRG
Ao 17[]0s
0.9 16[_]O4
0,[]10 15 g%
o3[ 14705
Vss[]12 130,

This device contains circuitry to protect the
1nputs 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
01 08
CS/WE thip se:)elctl& i Output buffer
rite enable logic | (R/W)
. Do
Data input buffer 1
PRG & Programming !
control D
7
4 01 08{_—__
Yo Column gating
Ao— T
| Column decoder |
A3 ] 1
YlS
Xo 64 x 128
A — T .
i Row decoder | Cell matrix
Ag—L— I
Xe3
Vbo Vee Vas Vss
FUNCTIONS AND PIN CONNECTIONS
Function | Address Vss PRG Vop &S Ves Vee
(Pin No.) Input Data I/0 (GND) (Program) Supply CS/WE Supply Supply
Mode (1~8,22,23) |(9~11,13~17)|  (12) (18) (19) (20) (21) (24)
Read Al DouT GND GND +12V Vi -5V +5V
Deselect DON'T CARE HIGH Z GND GND +12V Vi -5V +5V
Program A Din aND | PULSED | aqay Vinw 5V +5V
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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 Vob 11.4 12 12.6 \
Supply Voltage Vee 4.75 5.0 5.25 Y
Supply Voltage Vss — 0.0 — A\
Supply Voltage Vgs —4.75 -5.0 -5.25 \Y)
Input High Voltage Vin 3.0 _ Veet+t \
Input Low Voltage Vi Vss —_ 0.65 \%

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

Parameter Symbol Min Typ Max Unit
Address and Chip Select Input Load Current (V,=5.25V) I — — 10 MA
Output Leakage Current (Voy1=5.25V, CS/WE=5V) lLo — — 10 MA
Voo Supply Current (All Inputs=V,, CS/WE=5V) lpp*® — 50 65 mA
Vee Supply Current (All Inputs=V,,,, CS/WE=5V) lec™® — 7 10 mA
Vgg Supply Current (All Inputs=V,,, CS/WE=5V) lgg™* —_ 30 45 mA
Output Low Voltage (1o =1.6mA) Voo — — 0.45 \%
Output High Voltage (1o =—100uA) Von1 3.7 — — \
Output High Voltage (lo4=—1mA) Voha2 24 — —
Power Dissipation (T ,=70°C) Pp — — 800 mW

*Note: Typical values are measured at nominal voltage and T, =25"C; max. values at To=0°C.

CAPACITANCE (1,-25°C; +=1MH2)

Parameter Symbol Min Typ Max Unit
Input Capacitance (V=0V) Cin — 4 6 pF
Output Capacitance (Voy1=0V) Cout — 8 12 pF
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Fig. 2 — DYNAMIC TEST CONDITIONS

N Input Pulse Levels: 0.65V to 3.0V ° D °
” Input Rise and Fall Time: =20ns l
Timing Measurement Reference Levels: 0.8V and 2.8V for inputs CL
0.8V and 2.4V for outputs I
Output Load: 1 TTL gate and C_=100pF =
DYNAMIC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
MB 8518E MB 8518H
Parameter Symbol Unit
Min Typ Max Min Typ Max
Address to Output Delay tacc —_ —_— 650 — — 450 ns
Chip Select to Output Delay tco — — 120 — —_— 120 ns
Chip Deselect to Output Float toe 0 — 120 0 —_ 120 ns
Address to Output Hold toH 0 — — 0 — — ns
Chip Select Delay tes* —_ — 530 — — 330 ns
*Note: tacc=tcs + tco at tcs > 330ns, and tacc=450ns (max.) at tcs < 330ns.
OPERATION TIMING DIAGRAM
4
Address ><
tcs tco ——toH—
CS/WE
tacc — ! tDF f—
Data Out Data Out Invalid Data Out Floating

[] pon‘tcare
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TYPICAL CHARACTERISTICS CURVES

Fig. 3 — NORMALIZED ACCESS TIME
vs Vpp SUPPLY VOLTAGE

I

Ta=25°C
Vee=bV
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C_=100pF
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Fig. 5 — NORMALIZED ACCESS TIME
vs Vgg SUPPLY VOLTAGE
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o
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Fig. 6 — NORMALIZED ACCESS TIME
vs AMBIENT TEMPERATURE
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vs

Fig. 4 — NORMALIZED ACCESS TIME

Vce SUPPLY VOLTAGE

I

TA=25°C

Vpp=12V ]
Vgg=—56V|__|

C,=100pF

4

45 5 5.5 6 6.5

Ve, SUPPLY VOLTAGE (V)

Fig. 7 — NORMALIZED ACCESS TIME

vs Ci. LOAD CAPACITANCE
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W
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811 012
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% / 2
5 Vpp=12V 5 Ta=25°C
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) C_=100pF ] Vgg=—5V
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Fig. 8 — Ipp SUPPLY CURRENT
vs Vpp SUPPLY VOLTAGE
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a 30 Vee=5V ]
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Fig. 10 — Igg SUPPLY CURRENT
vs Vgg SUPPLY VOLTAGE
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Fig. 12 — Ig,. OUTPUT SINK CURRENT
vs Vo OUTPUT LOW VOLTAGE
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Fig. 9 — Icc SUPPLY CURRENT
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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 11)
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
(VTho), thus preventing the cell tran-
sistor from turning on when selected.
The status of the cell (i.e., whether
programmed or not) can be determined
by examining its state at the sense
threshold (Vyyg), 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 0" into each desired bit location.
Address and supply voltage (Vpp,
Vee, Ves and Vgg) 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 (O;~0g).
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
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SELECT GATE

 —

Fig. 14 — MEMORY CELL

—}// DRAIN

/ FLOATING GATE

——]»/’// SOURCE

NOT PROGRAMMED
e

Fig. 15 — MEMORY CELL THRESHOLD SHIFT

PROGRAMMED
"o

PROGRAM

CURRENT THROUGH CELL TRANSISTOR

ERASE

1 1

Vru VTHs VTHo
(NOT PROGRAMMED) (SENSE THRESHOLD) (PROGRAMMED)
SELECT GATE VOLTAGE (V)

width (tpw) according to the formula
N x tpyy = 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 a// 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 could 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
2537R. The recommended integrated
dosage (UV intensity x exposure time)
is 10Wsec./cm?. 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 12,000uW/cm?; typi-
cally 30 minutes for 6,0004W/cm?.

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 (Vpy) source
must sink more than 20mA, and the

program pulse low voltage (Vp ) 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 (tpy =0.1 msec.), depending on
the value selected for tpy. 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 = tps = 10 usec.
tpw = 1.0 msec.
tan = tpn = 1.0 usec.
tpr = tpg = 0.5 usec.
Thus the time for one address is:
tas ttpr *tpw * tpr ttan =
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 O

Vee=5v

5V -~

500

20082

§ 80002

2SA555
(2N2907A)

15462
(1N4444)

25C968
(2N2222A)

500

2SA555

M 25C968
~ L: (2N2222A)

(2N2907A)

>
1KQ
10KS2
---26V
ov
PRG
15462
(1N4444)
1.5KQ

1S475H
(1N4113)
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STATIC SPECIFICATIONS (T =25°C, Vpp=12V+5%, Vcc=5V+5%, Vgs=0V, Vgg=—5V+5%)

Parameter Symbol Min Typ Max Unit
Input High Voltage for Address and Data Vin 3.0 . Veetl \%
Input Low Voltage for Address and Data Viu Vss —_— 0.65 \
Address and D_e_lEa Input Load Current LA LD - o 10 A
(Vin=5.25V, CS/WE=11.4V) !
CS/WE Input Load Current (CS/WE=12.6V) (Y — — 10 A
CS/WE Input High Voltage Vinw 11.4 — 12.6 v
(\;/AEI’ID| f:fgLyV?:trsgt(FVp._, CS/WE=11.4V) loow — - 78 mA
Vee Supply Cutrent (All Inputs=V;, CS/WE=11.4V) lecw — — 12 mA
Vgg Supply Current (All Inputs=V,,,, CS/WE=11.4V) lgaw — — 50 mA
Program Pulse Source Current lpL — —_ 8 mA
Program Pulse Sink Current lpn — —_ 20 mA
Program Pulse Low Voltage \" Vss — 1 \
Program Pulse High Voltage Ven _ — 27 \
Program Pulse Height — 25 — 27 \%

DYNAMIC SPECIFICATIONS (T5=25°C)

Parameter Symbol Min Typ Max Unit
Address Set Up Time tas 10 — —_ us
CS/WE Set Up Time tess 10 — — us
Data Set Up Time tps 10 — — us
Address Hold Time tAH 1 — —_ Ms
CS/WE Hold Time ten 0.5 — —_ us
Data Hold Time toH 1 — —_— s
Chip Deselect te Output Float Delay toe 0 — 120 ns
Program to Read Delay toer — — 10 us
Program Pulse Width tpw 0.1 — 1.0 ms
Program Pulse Rise Time tpR 0.5 —_ 20 us
Program Pulse Fall Time tpe 0.5 — 20 us
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PROGRAMMING/ERASING INFORMATION (continued)

PROGRAM MODE TIMING DIAGRAM

One Program Loop

Ve
Programf\
VoL 10% 4

\ {
Address Address 0 §< Address 1 >< - Address 1023 Address 0
7 (
)
—itas|— —|taH |~
5
Data Input
—=|tog =~ = tDH [~—

| ?ﬁi‘” ﬁf N

READ/PROGRAM/READ TRANSITIONS DIAGRAM

Read Loop Program Loop Read Loop
4 K
Address —_—
N K
Vinw
11V
CS/We 5V
ov 0.8V
tag |
T As —=| tcH tacc |——
tesg— e tDpPR——=—
Program
7
toF jm—
=tpg+— tDH [=—
\ 4 N /
Data Float
Datal/O  Data Out Valid >’:D—:;-at< Data In Valid }———-{ Data Out Valid
7 N 2 X
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PACKAGE DIMENSIONS
24-LEAD CERAMIC DUAL-IN-LINE PACKAGE
(CASE DIP24-14)
e e e e e e e l__,;'_‘l)/O'VQo
2 13 i /
R .025 (0.64) REF
.578 (14.68) .590 (14.99)
.598 (15.19) .610 (15.49)
Vi 12 B ‘

1.186 (30.12)_________,‘ 1
1.214 (30.84) ;8?3 ggigg;

__) l‘.oag :0.89)
.055 (1.40)
068 (1.73) J - ' : f cg)
1092 (2.34) | 200 (5.08) MAX &
! .120 (3.05) =
| 1140 (356) g
090 (2.29) .036 (0.91) 040 (1.02) 0
110 (2.79)"’[ *‘ l“] 1 ™ 044 (1.12) l .060 (1.52) ‘:Du
| T 1

.015 (0.38) 1.100 (27.94) REF Dimensions in @

.023 (0.58) 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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JRHERTES MOS 8192 BIT MB 8308N/E

FUJITSU
ONLY MEMORY
R

MOS 8192-BIT MASK PROGRAMMED READ ONLY MEMORY

The Fujitsu MB 8308 is a high per- MB 8308 devices and other 3-state
formance 8192-bit static N-channel components.

MOS mask-programmed read only

memory (ROM). The memory is ® 1024 words by 8 bits organization

organized as 1024 words by 8 bits —
a feature which simplifies the design
of small memory systems, permitting

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

incremental memory sizes as small ® Two fully programmable chip select
as 1024 words. inputs
. ® [ow capacitance inputs for simpli-
The fast access time allows the ROM fied driving CASE DIP24-B

to service high performance micro- . .
computer applications without stalling ¢ Logic voltage levels compatible to
the processor. Two chip select input TTL

signals are logically ANDed together to ® 3-state output buffers for simplified
provide control of the output buffers. expansion

As chip select polarity can be customer ® Standard (+12V and *5V) power
specified, addressing of 4 memory

CERAMIC PACKAGE

® Direct plug-in replacement for Intel

supplies
chips without external gating is PP . 8308/2308
possible. The outputs of unselected ® N-channel silicon gate MOS tech- PIN ASSIGNMENT
chips are turned off and assume a nology
high-impedance state, enabling them ® Mask-programmed version of A1 J 24{ Vee
to be OR-wired with additional Fujitsu MB 8518 EROM A2 23[7As
As[]3 22[1A,
As 4 21V
ABSOLUTE MAXIMUM RATINGS (See Note) L] Ves
As[]5 20[7cs, /cs,
Rating Symbol Value Unit A[le 19JVpp
A7 18[]cs, /Cs,
Temperature Under Bias Ta -25 to +85 °c A:, E N - ]O:/ ?
Storage Temperature Tstg -65 to +150 °c 0:[]o 16 :|07
o = 0:"}10 15[]0s
Voltage on Any Pin with Respect
to Vg ViN: VouT -0.3 to +20 \Y Os[ 1 1470,
Vss []12 13[]0.
Power Dissipation PD 1.0 w

This device contains circuitry to protect
Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS  the inputs against damage due to high

are exceeded. Functional operation should be restricted to the conditions _Sta_ﬁcc;"f'gf’:; °t' e‘e‘:t"ilc f‘e'ds~t!"°""‘;"°"

o 3 . . . it is advis at normai precautions be
as detailed in _the opera_tlonal se_c.tlons of this data shee_t. Exposure to taken to avoid application of any voltage
absolute maximum rating conditions for extended periods may affect higher than maximum rated voltages to this
device reliability. high-impedance circuit.
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RECOMMENDED OPERATING CONDITIONS
(Referenced to Vgs)
Parameter Symbol Min Typ Max Unit ?g:\r::rggu;A
Supply Voltage Vop 11.4 12.0 12.6 \%
« Supply Voltage Vee 4.75 5.0 5.25 \%
Supply Voltage Vss 0.0 0.0 0.0 \% 5 o
0 Cto+70°C
Supply Voltage Vgs —4.75 -5.0 -5.25 \%
Input High Voltage v; 24 | Veet v
Input Low Voltage VL -1 — 0.8 \
STATIC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
Parameter Symbol Min Typ Max Unit
Input Leakage Current (V,y =5.25V) I — — 10 MA
Output Leakage Current (Chip deselected) ILo e —_ 10 MA
Output High Voltage (lony = —4.0 mA) VoH1 2.4 — — \
Output High Voltage (lgny = —1.0 mA) Vouz 3.7 — —_— \%
Output Low Voltage (g =2.0 mA) VoL e — 0.45 \
Vee Supply Current lce — — 2.0 mA
Vpp Supply Current Ibp — — 60 mA
Vgg Supply Current Igg — 10 1000 MA
Power Dissipation Pp — — 775 mwW

CAPACITANCE (T4 = 25°C; =1 MHz; Vgg = ~5V; Vpp, Ve and all

other pins tied to Vgg.)

Parameter Symbol Min Typ Max Unit
Input Capacitance Cin — —_— 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 C.
0.8V and 2.4V for outputs
Qutput Load: 1 TTL gate and C,_ = 100pF =
DYNAMIC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
MB 8308N MB 8308E
Parameter Symbol I Unit
Min | Typ Max Min Typ Max
Address to Output Delay tacc — 200 450 — | 160 250 ns
T
Chip Select to Output Delay tco — 85 160 — 85 160 ns
Chip Select to Output Data Float tor e 85 160 — 85 160 ns
Output Data Hold ton 0 —_ — 0 —_ —_ ns
: |
OPERATION TIMING DIAGRAM
tacc
Address /><
tco toF
4
Cs,,Cs; SELECTED
F~—o2=oH
d DATA OUT
DATA OUT
Data Out PLOATING INVALID VALID INVALID FLOATING
K.
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Fig. 2 — MB 8308 BLOCK DIAGRAM
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cs, /cs; ———— CIRCUIT

TYPICAL CHARACTERISTICS CURVES
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Fig. 4 — loy OUTPUT HIGH CURRENT

vs Voy OUTPUT HIGH VOLTAGE
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Fig. 5 — loL OUTPUT LOW CURRENT
vs AMBIENT TEMPERATURE
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Fig. 7 — Icc, Ipp NORMALIZED
vs AMBIENT TEMPERATURE
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NORMALIZED CHIP SELECT

lon, OUTPUT HIGH CURRENT (mA)

A OUTPUT DELAY TIME (ns)

TO OUTPUT DELAY

Fig. 6 — loy OUTPUT HIGH CURRENT
vs AMBIENT TEMPERATURE
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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 is
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; /CS;
and CS,/CS;) on the MB 8308. The
input code for these pins is a customer
option to be specified 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 “0"’). 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 8
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 s assigned using three hexa-
decimal digits for punch cards and four
hexadecimal digits for paper tape. If
an address i1s not selected, the 8 bits in
that address are considered to be posi-
tive logic “0’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 3F0 (the last address in memory
minus 15, or decimal number 1,008).
In other words, all data is handled in
blocks of 16 addresses, with the first
address for each block being one of 64
possibilities; 1.e., 0, 16, 32, 48, 64,
80,...1008. If any block of 16 ad-
dresses is left out of the punch card

CHIP SELECT TRUTH TABLE

TG
FUJITSU

MB 8308 N/E KNI

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 SELECTED
N — DESELECTED
NUMBER CS,/CS, cs, /CS,
0 0 0 0 01, 10, 11
0 1 0 1 00, 10, 11
1 0 1 0 00, 01, 11
1 1 1 1 1 00, 01, 10

PUNCH CARD DEFINITION TABLE

Title Card
Columns 1~ 9 Blank
Columns 10~29  Customer’s name, ROM pattern number, etc.
Any alpha-numeric characters
Columns 30~ 31 Blank
Columns  32~37  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.
Columns 38~80 Blank
Chip Select Card
Columns 1~30 Blank
Columns 31,33 Chip select numbers (00, 01, 10, or 11)
Columns 32,34 ~ 80 Blank
Data Cards
Columns 1~20 Blank
Columns 21 ~23  Address. A hexadecimal number between 000 and 3FO0
1s entered. Note that column 23 is always zero.
Columns 24 ~ 29  Blank
Columns 30~76 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.
Columns 77~80 Blank

1-115
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PAPER TAPE FORMAT

Punched paper tape may be utilized to
provide memory data information. Ei-
ther an 8-bit ASCII code or 1SO 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 firstentry
is ““$’" and the last is “LF" (line feed).

Data Section— Type “#” before an
address and “,”" after an address. As

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 O3F0. 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 (“.”).

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-

Fig. 11 — EXAMPLE PUNCH CARD DECK

(first of 64)

Data o
Card
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1-116

ever, any punched address must follow
the rule that it be 0000 or a multiple
of 16 up to 03FO0. 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 *10%.

PAPER TAPE CODE TABLE
Character Use

$ Title start

LF (line feed) | Title end

# Address start

,{comma) Address end

- (period) Data separation

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

The programming rules .require that

HEX CONVERSION TABLE

data inputs be handled in blocks of 16

HEX Decimal Binary
of 16 symbols. The table shown lists sequential memory locations starting Number Number Number
the binary (base 2) and decimal (base with address 0. Thus, the addresses 0 0 0000
10) equivalents to the hexadecimal for the first memory location of each ; 12 88?(')
numbers. block are, respectively, 0, 16, 32, 48, 3 3 0011
In a typical memory system, a “‘word"’ 64, and so forth up to 1008 (decimal). ‘5‘ 4 0100
is defined as a block of data bits, usual- In hexadecimal, these numbers are, 6 2 8}%
ly 8 or 16 bits in length. The MB 8308 respectively, 000, 010, 030, 040, 050, 7 7 0111
is organized to provide 8 bits of parallel and so forth, up to 3F0. Note that the g g :gg?
data at its output at one time. Thus, last digit for any of these addresses is A 10 1010
1024 address locations are required to always 0. B " 1011
locate all 8,192 bits (1024 x 8). For ¢ 2 1o
programming purposes, the addresses E 14 1110
are numbered from 0,, to 1023,, or F 15 111
HEX 000 to HEX 3FF.
S
O
PACKAGE DIMENSIONS A
Circuit diagrams utilizing <
24-LEAD CERAMIC DUAL-IN-LINE PACKAGE Fujitsu products are includ- -
(CASE DIP240-B) e ed as a means of illustrating 3
N, — o=z 09 typical semiconductor appli- °
24 1] r / T cations; consequentiy, com- =1
} | plete information sufficient ®
R .025 (0.64) REF ! ! ‘ for construction purposes is ®
|e78 (1aca) | .590 (14.99) not necessarily given. The
[-898 (15190 {-610“549’ information herein has been
| carefully checked and is be-
L | lieved to be entirely reliable.
2 12 l } However, no responsibility
= = = = I R is assumed for inaccuracies.
———————— — ] 008 (020) Furthermore, such informa-
|| o35 028 e tion does not convey to the
|j l“ 055 (1 40) o purchaser of the semicon-
068 (1.73) L 1 } f ductor devices described
092 ‘2-34’1~ 1 200508 MAX herein any license under the
| | T 1120309 patent rights of Fujitsu
L ‘4‘ | _j140(356) Limited or others. Fujitsu
0% 229 || Il | |.0361091) 040 (1.02) Limited reserves the right to
110 (2.79) ‘ - 1 ' oaai12) 060 (1.52) change device specifications.
' 015(0.38)  1-100(27.94) REF Dimensions in
023 (058) inches (millimeters)
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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

® Qutstanding 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
Vgg Pin Potential to Ground Pin VEE +0.5 to 7.0 \
Input Voltage VIN +0.5 to Vgg \
Output Current (DC Output High) louT 30 mA
Temperature Under Bias Ta -55 to +125 °c
Storage Temperature Tstg -65 to +150 °c

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS

are exceeded,

24

CASE DIP16-A
CERAMIC PACKAGE

PIN ASSIGNMENT

-

Vcc|: N 16{_] Veco
AOEZ 15[ | DouT
A []s 14[_]Jcs,
Ay [ s 13[]cs,
As[ s 12 ] we
A8 1] o
As[ |7 10 ] A

vee [ |8 9 JNC.

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 maximum rated voltages to this
device.

MB 7047

®
g
z
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GUARANTEED OPERATING RANGES

Supply Voltage (Vgg)
Part Number Ambient Temperature
Min Typ Max
MB 7047 —-5.46V -5.2V —4.94V 0°C to 75°C

DC CHARACTERISTICS

(Vce =0V, Vgg =—5.2V .Output Load = 5082 to —2.0V, Air Flow >2.5m/s, unless otherwise noted.)

Parameter Symbol Min Typ Max Unit Ta
. —1000 -840 0°c
(gt hon Voltage, Vo 960 -810 | mv | 25°%
IN IHmax ILmin 900 —-720 75°C
—1870 —1665 0°c
g ut Low Voltage, VoL | -1850 —1650 | mv | 25°C
IN IHmax O ViLmin) —1830 —1625 75°C
O
Output High Voltage —1020 v zgog
(Vin = Vidmin of ViLmax) Vowe | —980 m .
IN IHmin ILmax ~920 75°C
—1645 0°C
(C:;Jtpu: \l;ow Yoltag\e/ ) VoLc -1630 mV 25°C
IN IHmin OF ViLmax —1605 75°C
-1145 -840 0°c
Input High Voltage o
. A\ -1105 -810 mV 25C
(Guaranteed Input Voltage High for All Inputs) —1045 —720 75°C
ot Low Vol —-1870 —1490 o°c
(g"“ ow ) :’ agev ttage Low for All Inputs) ViL —1850 -1475 mV 25°C
uaranteed Input Voltage Low for nputs _1830 —1450 75°C
Input High Current (VN = ViHmax) WH 35 uA  |0°to 75°C
WE Input High Current (VN = ViHmax) R 75 pA  |0°to 75°C
Input Low Current (VN = ViLmin) h -6 6 pA  |0° to 75°C
Power Supply Current ‘ 50 75 100 mA 25°C
(All Inputs High and Output Open) EE 105 0° to 75°C
CAPACITANCE
Parameter Symbol Min Typ Max Unit Ta
Input Pin Capacitance Cin — 4 5 pF 25°C
Output Pin Capacitance CouT —_ 7 8 pF 25°C

25



AC CHARACTERISTICS

(Vee =0V, Veg = —=5.2V15%, Output Load =

HIRAAR

FUJITSU

MB 7047 [N

5082 to —2V and 15pF to V¢, Air Flow >2.5m/s, unless otherwise noted.)

Fig. 1 — AC TEST CONDITIONS
Gnd
]’ Y
1,16 -1.7V
t—
15 |
RL CL t, = tf = 2.5ns typ
8
" Output Load: R =508
I CL = 15pF
]7'_' Vé:se —26V= (Including Jig and Stray Capacitance)
READ CYCLE
Parameter Symbol Min Typ Max Unit Ta
X-Address Access Time tAAX 9.0 12.0 ns o 25 OC
14.0 0 to75C
. . 25°C
Y-Address Access Time tAAY 7.0 10.0 ns
12.0 0° to 75°C
o
Chip Select Access Time and Recovery Time tac.trc 45 8.0 ns o 25 OC
8.5 0 to75C
READ CYCLE TIMING DIAGRAMS
cs Address
taa
DouTt 50%

Dourt

2-6

o
g
=
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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 e —_ ns 25°C
Y-Address Set Up Time tsay 3.0 — — ns 25°C
Chip Select Set Up Time tsc™” 1.0 —_— —_— ns 25°C
Data Set Up Time tgp** 1.0 _— _ ns 25°C
Address Hold Time tya** 3.0 _— — ns 25°C
Chip Select Hold Time thet* 1.0 — —_ ns 25°C
Data Hold Time typ ** 1.0 —_— — ns 25°C
*Note:  tyw measured at tga=4.0ns
**Note:  Values indicated measured at tyyy = 8.0ns.
WRITE CYCLE TIMING DIAGRAM
cs X f
X-Address }( )(
Y-Address >( >T
DIN % j
'sp t—1D
WE tsa 7 THA
M the
tsax tww——
Dour tec 7r
wr 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 ts - 1.2 — ns 25°C
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TYPICAL CHARACTERISTICS CURVES

Fig. 2 — Vo OUTPUT HIGH VOLTAGE
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Fig. 3 — Vo OUTPUT LOW VOLTAGE

vs AMBIENT TEMPERATURE
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Fig. 6 — 1} INPUT CURRENT
vs V| INPUT VOLTAGE
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Fig. 7 — toa ADDRESS ACCESS TIME

vs AMBIENT TEMPERATURE

Fig. 8 — taa ADDRESS ACCESS TIME
vs Vg SUPPLY VOLTAGE
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FUNCTIONAL DESCRIPTION/APPLICATIONS INFORMATION

Functional Description
The Fujitsu MB 7047 is a Fig. 12 — MB 7047 BLOCK DIAGRAM
fully decoded 128-bit read/ LOGIC DIAGRAM
write random access memo-
ry organized as 128 words
by 1 bit. Memory cell selec- Az -
tion is achieved by means of Ags—{ X-Address| | word | _| M 16 x 8c 0
an 7-bit address designated As | Decoder Driver e",&?,rzy €
Ao ~ A¢. Two active low Ag
chip select (CS) inputs are i i
provdgd for mcregsed logic Sense Amp
flexibility, permitting mem- &
ory array expansion up to Write Driver
512 words without addi- f
tional decoding. For larger TRUTH TABLE (Positive Logic)
memories, the fast chip se- NPOT Py Y-Address
lect access time permits the G | we [ om | Pur | MOOF Decoder
decoding of CS from the HoL X | X | L |OISABLED.
L L H L WRITE "0’
address without affecting T T L L | WRITE - [ ‘ |
system performance. - LD C" X_| Dour | READ Ao Ay Az
= Don’t Care
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 . Fig. 13 — LARGE-SYSTEM APPLICATION an Words x 9-bit f'
. SR fo — lemory System |
held low, the chip is in the A= |
write mode; in this condi- N o MB7047 MB7047 MB7047
tion, Doyt is low and the ::: WE inputs —¢s DWT —c o —c o ROW 0
data at Dy is written into e Dour { Dout Pour
the addressed location. With C . l - J— I o)
WE held high, the chip is in — o Ve '8
the read mode; data in the cs Ot —{cs ol & ol ROW 1 | o
addressed location is then o [ oour Dout Dout | -
transferred to Doyt and :Ma‘ms@\ | [ J— L e _‘[_ ! <
read out non-inverted. — 3 (1]
MB7047 MB7047 MN7047 3
DouT is low except when OD :CSD ‘:'N“ "CSD i’m“‘ —cso onfe | Row2 <
reading out a stored high. BOARD i 0|U " OIU J— %UT :—;
Open emitter outputs are s t0 G5 e . - = »
provided on the MB 7047 to row 3 through 13 !
allow maximum flexibility MB7047 MB7047 MB7047
in output wired-OR connec- —fcs o4 —Cs  Oin|d —&s o | ROW 14
tion for memory expansion. ;;: o " Sour Dour J Sour
A w0161 . o
Augo——o- o i_J MB7047 MB7047 [WE7047 |
—cs  Oin| —cs ol —{cs ol ROW 15
Oour DouTt Dour
[ , =
os
DI‘NQ -
DouTt1
Doyr2
DouTe L -0 L
IRt ELN $ Rr
—20v b -
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PACKAGE DIMENSIONS

16-LEAD CERAMIC DUAL-IN-LINE PACKAGE
(CASE DIP16-A)
— _c— — ,—-5—15::;-)‘00’\‘90
16 9 J y
R .040 (1.0) REF
1290 (7.37)
2029 |0 73
|
1 8| i i
——— e ;
| 760 (19.30) 008 (0 20)
' 800 (20.32) ' .012 (0.30)
—{ —.050 (1 27) MAX
| I 1 T
070 (1.78)T 60 (4.06) MAX
088 (2.24)| 160 (4.06)
042 (1.07) 020 (0.51) 120 (3.05)
062 (1.58) 043 (1.10) .140 (3 56)
[ R
90 (2.29)_| : 032(0.81
110 (2.79)” ~—|‘j R(EF )
! REF '
015 (0.3g) 790 (17.78)
.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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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 10K-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

® Qutstanding 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
VEgE Pin Potential to Ground Pin VEE +0.5t0 -7.0 \
Input Voltage VIN 0.5 to Vg \
Output Current (DC Output High) louTt 30 mA
Temperature Under Bias Ta -55 to +125 °c
Storage Temperature Tstg -65 to +150 °c

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS

are exceeded.
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MB 7042

CASE DIP16-A
CERAMIC PACKAGE

PIN ASSIGNMENT

Ao [ 1 -/ 16] ]Vee
a2 15[ |bout
A []3 14[_|WE
A3[:4 13jDIN
TSo 5 12[ ] A,
s, e 1] ] As
cs, (|7 10 JAs
Vee [ |8 o[ JAs

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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FUJITSU
UM MB 7042

GUARANTEED OPERATING RANGES

Supply Voltage (Vgg)

Part Number

Ambient Temperature
Min Typ Max
MB 7042 —5.46V —5.2v —4.94V 0°C to 75°C
DC CHARACTERISTICS
(Vce =0V, Vgg =—5.2V Output Load = 5082 to —2.0V, Air Flow >2.56m/s, unless otherwise noted.)
Parameter Symbol Min Typ Max Unit Ta
(e}
Output High Voltage —1000 —840 OOC
(Vin= Vismax o ViLmin) VoH —960 —-810 mV 25°C
ax min —900 -720 75°C
—1870 —1665 o°c
?\;‘“"’: '\;°"" V°'Zaf'f/ " VoL —1850 1650 | mV 25°C
IN IHmax ILmin —1830 —1625 75°C
(=]
Output High Voltage —1020 OOC
(Vin=Vin or V)L ) VoHc —980 mV 25°C
min max —920 75°C
o Low Vol —1645 o°c
\;’t”“_‘ oo iy ) Voic -1630 | mv 25°C
(VIN = ViHmin of ViLmax —1605 75°C
. -1145 -840 o°c
Input High Voltage o
. ViH —-1105 -810 mV 25°C
(Guaranteed Input Voltage High for All Inputs) 1045 —720 75°C
inout Low Volt —1870 —1490 0°c
(g"“ ‘:‘” b |° agtev tace Low for Al | ViL ~1850 —1475 mv 25°C
uaranteed Input Voltage Low for nputs) ~1830 —1450 78°C
Input High Current (Vin = ViHmax) hH 10 50 uA 0° to 75°C
CS Input High Current (V)n = ViH max) IiH 220 HA 0° to 75°C
WE Input High Current (Vin = ViH max) i 30 150 MA 0° to 75°C
Input Low Current (Vin = ViL mmn) e -50 MA 0° to 75°C
CS Input Low Current (VN = Vi1 min) I 0.5 170 uA  |0°to 75°C
145 0°c
Power Supply Current °
. lee 60 100 140 mA 25C
(All Inputs High and Output Open) 130 78°C
CAPACITANCE
Parameter Symbol Min Typ Max Unit Ta
Input Pin Capacitance Cin —_ 4 5 pF 25°C
Qutput Pin Capacitance CouT — 7 8 pF 25°C
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AC CHARACTERISTICS

(Vee =0V, Vgg = —5.2V+5%, Output Load = 5082 to —2V and 15pF to V¢, Air Flow >2.56m/s, unless otherwise noted.)

Fig. 1 — AC TEST CONDITIONS

Gnd
T —09V ————
16 —1.7v
15
Ry CL te = tf = 2.5ns typ
8
Output Load: R =502

I CL = 15pF

o .
l Vee 2T (Including Jig and Stray Capacitance)
READ CYCLE
Parameter Symbol Min Typ Max Unit Ta
<
Address Access Time taAA 9.0 13.0 ns 25°C
15.0 O0to75 C
35 8.0 25°C o
Chip Select Access Time and Recovery Time tac. tRc ) 9:0 ns 0 to 75°C '8
Y]
=
=
(1]
READ CYCLE TIMING DIAGRAMS g
-
(1]
(7]
[ Address
I tan
DouT DouT 50%
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FUJITSU

I - mB 7042
WRITE CYCLE
Parameter Symbol Min Typ Max Unit Ta
. ) . 8.0 45 25°C
Write Pulse Width tww 9.0 ns 0°to 75°C
. ) - 5.5 9.0 25°C
Write Recovery Time twRr 10.0 ns 0°to 75°C
. | 40 25°C
Address Set Up Time tsa 4.0 ns 0°to 75°C
. ) . 1.0 25°C
Chip Select Set Up Time tsc 20 ns 0°to 75°C
. . 1.0 25°C
Data Set Up Time tsp 20 ns 0°to 75°C
) - 3.0 25°C
Address Hold Time tHa 3.0 ns 0°to 75°C
- . ** 1 '0 25°C
Chip Select Hold Time tHe 1.0 ns 0°to 75°C
: - 1.0 25°C
Data Hold Time tp 20 "™ |0°t075°C
*Note:  tww measured at tga= 4.0ns
**Note:  Values indicated measured at respective min values of tyw-.
WRITE CYCLE TIMING DIAGRAM
\ X
Address
X
Din
sp [=— —{ tHo
WE | N‘ 7L
‘—tHA——
sA tww— tHe—
DouT sc j
______________ 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 t — 1.2 — ns 25°C
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TYPICAL CHARACTERISTICS CURVES

Fig. 2— Vg OUTPUT HIGH VOLTAGE

vs AMBIENT TEMPERATURE

Vou, OUTPUT HIGH VOLTAGE (V)
S
[{<]

0 20 40 60 80 100
Ta., AMBIENT TEMPERATURE c)
Fig. 4 — | gg SUPPLY CURRENT
vs AMBIENT TEMPERATURE
< 110
£
E 100
S
[~
3 90 i
> )\
O
o
5 8o
7}
w
L
70
0 20 40 60 80 100

Ta., AMBIENT TEMPERATURE (°C)

Fig. 6 — I} INPUT HIGH CURREN
vs AMBIENT TEMPERATURE

T

14

N

12 <

10 s

111, INPUT HIGH CURRENT (uA)
/l

0 20 40 60 80
Ta. AMBIENT TEMPERATURE (°C)

100

R

FUJITSU

[

Fig. 3 — Vo OUTPUT LOW VOLTAGE

vs AMBIENT TEMPERATURE

S
<14
w
Q
Pl
2 -5
>
g
g -6
[
o)
a
E -7 —
o -1
3 1
918
0 20 40 60 80 100
Ta, AMBIENT TEMPERATURE (°C)
Fig. 5— lgg SUPPLY CURRENT
vs Vgg SUPPLY VOLTAGE
_ 160
<
£
£ 120
I3 —T
< T
3 80
o [
4
&
& 40
@
w
i1
0 -2 -4 -6 -8 —10
Vegg, SUPPLY VOLTAGE (V)
Fig. 7 — 1} INPUT CURRENT
vs V| INPUT VOLTAGE
14
<
e
- 12
Z
w
o
T 8
(3]
[
2
% 4
0
-6 -4 -2 ) 2 +4

V), INPUT VOLTAGE (V)
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AT

taa, ADDRESS ACCESS TIME (ns)

tww, WRITE PULSE WIDTH (ns)

MB 7042

Fig. 8 — taAa ADDRESS ACCESS TIME
vs AMBIENT TEMPERATURE

Fig. 9 —tan ADDRESS ACCESS TIME
vs VEg SUPPLY VOLTAGE

1 Z n
w
=2
10 510
173
&
|~ 3] ——
9 < 9 ——
f—
2
8 & s
=)
<
7 s 4
0 20 40 60 80 100 —4 —-4.5 -5 55 -6 —6.5
Ta, AMBIENT TEMPERATURE (°C) Veg, SUPPLY VOLTAGE (V)
Fig. 10 — tyw WRITE PULSE WIDTH Fig. 11 — tww WRITE PULSE WIDTH.
vs AMBIENT TEMPERATURE vs VEg SUPPLY VOLTAGE
6 Té: 6
T
N <
5 N 58 s -
\\ H \\\
‘\\ L‘g I —r—
- |
4 - 35 4
a
w
[=
3 o 3
2
2
2 3 2
0 20 40 60 80 100 —4 —-45 -5 —-5.5 -6 —6.5
Ta, AMBIENT TEMPERATURE (°C) VEE, SUPPLY VOLTAGE (V)
TYPICAL TRANSIENT WAVEFORMS
Note: Vertical
Address g g':'(,’ ‘!V per
} division.
M, J
WE jv
\V
e
DouT /
0 40 80 120 160 200
TIME(ns)
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FUNCTIONAL DESCRIPTION/APPLICATIONS INFORMATION

Functional Description
The Fujitsu MB 7042 is a Fig. 12 — MB 7042 BLOCK DIAGRAM
fully decoded 256-bit read/ LOGIC DIAGRAM
write random access memo-
ry organized as 256 words .
by 1 bit. Memory cell selec- Ao g_go
tion is achieved by means of A1 Address | | Word M 16 x 12 | c_s';
an 8-bit address designated A, Decoder Driver [7] e",j\(,),r:y €
A¢~As. Three active low Az DouT
chip select (CS) inputs are i {
provided for increased logic Sense Amp
flexibility, permitting mem- &
ory array expansion up to Write Driver __
2048 words without addi- f WE
tional decoding. For iarger | TRUTH TABLE (Positive Logic)
memories, the fast chip se- T Address
lect access time permits the P_‘c? WE oy | put | MOOF Decoder DiN
decoding of CS from the [ T Tx e Toisaseeo
) N Lol H L | WRITE“O"
address without affecting s L T TwhTe | 1 [ ‘
system performance. L H X_| Dour | READ Az As Ag Aq
X = Don't Care
Read and write operating
modes (all CS inputs low)
are controlled by the state
of the active low write en- Fig. 13 — LARGE-SYSTEM APPLICATION 4K Words x 9-bit
able (WE) input. With WE Ao — Memory System |
held low, the chip is in the A —
write mode; In this condi- BT Lemew _ | me7022 _| me7022 _[ me7042
tion, Doyt 15 low and the AT | e —& o o T —é&s o ROW 0
data at Dy is written into o f Dour Dot J— Dour
the addressed location. With & R (o]
WE held high, the chip is in MB7042 MB7042 MB7042 '8
the read mode; data in the s ol e ol es ol ROW 1 A
addressed location is then o——— ( Doyt o%uT Dout 2
transferred to Doyt and —~MBI015|§\ l L ___ = g
read out non-inverted. M S 708 57042 7072 o
. CS  Dinf —J¢S  Dinf ~—Cs Dini ROW 2 3
DouT is low except when % Dout Dout Pour o)
reading out a stored high. AR [ T T =
Open emitter outputs are 5 Bus t0 G5 mputs, T 8
provided on the MB 7042 to row3 through 13
allow maximum flexibility _| Meros2 _| Mer0sz | Me7042
in output wired-OR connec- & Dwre =% o0 % owfg | mowss
tion for memory expansion. As o J’ Pour r Do;n -|’ DoluT
Ag 8
Ao MB10161 v y -0
Au §_.__] _ [ me7042 _[ w7042 _['ws7022
—CS  Dn|4 —C5  o)n} —cs D|Nr-4 ROW 15
Oout Dout OouTt
T T
Oint - v -
Din2
Dine R
OouT1
Doyr2
DouTte -
SRy SRy 2 Ry
—20V -——

218



WA

FUJITSU

IHRIIIRIRIEN — mB 7042

PACKAGE DIMENSIONS

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

P — ——sses

16 9]
R .040 (1.0) REF i
290 (7.37)
7 (7.
!.%39 bgg; .310 (7.87)
3
1 8| | |
] 760 (19.30) ] {008 (0.20)
! 800 (20.32) .012 (0.30)
«‘ ’»4050(1.27) MAX
[ 1
070 (1.78) i
1088 (2.24) | 160 (4.06) MAX
042 (1.07) 1020 (0.51) |.120 (3.05)
1062 (1.58) 1043 (1.10) |.140 (3.56)

.90 (2.29) :
110 (2.79)‘t2——‘ J H ’03;(5,:8”
: I

EF
015 (0.38) 700 (17.78) R

.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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I ECL 256-BIT MBM 10410

READ/WRITE
FUJITSU o/ NDOM ACCESS

NI memory

256-BIT RANDOM ACCESS MEMORY

The MBM 10410 is an ECL 256-Bit

® Read access time, 20 ns typ.
Read/Write Random Access Memory °

o

.

Chip select access time, 7 ns typ.
(RAM), organized 256 words x 1 bit. P ve
It has a typical access time of 20 ns
and is compatible with the MB10K

Power dissipation, 1.8 mW/bit

Simple memory expansion PIN CONFIGURATION

Logic family. It is designed for high- (3 chip selects)
speed scratch pad and buffer storage ® Output can be wired-OR for eas
applications. merr?ory expansion v AT M 160 Ve
® Standard 16-lead DIP a1 Q2 15 [J bout
A2 s 14 [J WE
Az 4 13 Din
ABSOLUTE MAXIMUM RATINGS —
CSo [s 12 [J A7
Rating Symbol Value Unit &1 e 1 ae
Storage Temperature Tstg -55 to +150 °c cso 7 10 Aas
Vg Pin Potential to Ground Pin VEg 0to-7 v Vee 148 S H A4
DIP
Input Voltage VIN +0.5 to Vgg \Y (TOP VIEW)
Output Current (DC Output High) louTt 30 mA
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UKW mBM 10410
BLOCK DIAGRAM
Ao A1 Az A3
Y-ADDRESS
DECODER
Ay — 16 X 16
A5 ——] X-ADDRESS WORD ARRAY
Ag —| DECODER DRIVER MEMORY
A7 — CELL
D I SENSE
IN PRE-SENSE AMP AMP
&
e / BIT DRIVER DouT
WRITE
AMP
CHIP
SELECT
Cso ————\MP
csy —
A -——————/
TRUTH TABLE
CS | WE | D|yy |DoyT| MODE
Notes:
H * * L Inhibit H = High Voltage Level
L L H L [Write “H"” L = Low Voltage Level
L L L L |Write “L"” * = Don't Care (Hor L)
L H * |[DouT Read
GUARANTEED OPERATING RANGES
Characteristics Symbol Value Unit
Supply Voltage VEE -5.2+5% \
Ambient Temperature TA 0to +75 °c
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MBM 10410 I
DC CHARACTERISTICS
(Voe =0V, VEg =-5.2V, R =509 to -2.0V, AIRFLOW > 2.5 m/s)
Pin Limits
Characteristics  [Symbol [Under| T =0°C Ta=25C TA=75C |Unit| Notes
Test | Min. Max. Min. Typ. Max. Min. Max.
Power Supply Current| |gg 8 130 80 120 | mA
1-4
9-12 100 50 100 100
Input High Current iy |13, 14 uA
5-7 150 100 150 150
Input Low Current L 5-7 0.5 150 0.5 100 150 0.5 150
Output High Voltage | Vou 15 | -1.00 | -0.84 | -0.96 -0.81 |[-0.90 | -0.72 \"
Output Low Voltage | VoL 15 | -1.87 | -1.665| -1.85 -1.65 [-1.83 |-1625| V
Output Threshold —
High Voltage VoHa | 15 | -1.02 -0.98 -0.92 V [CS=V|La
CS = ViHaA
Output Threshold |y, 1| 15 -1.645 -1.63 -1.605| V or
Low Voltage WE =V a
ViH -0.84 -0.81 -072 | V o)
ViL -1.87 -1.85 -1.83 \% 8_
Input Voltage g‘)
VIHA ~1.145 -1.105 -1.045 \ Z
]
ViLA -1.49 -1.475 -1.45 v 3
(o}
=
1
(7]
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SWITCHING CHARACTERISTICS

(Vce =0V, VEg = -5.2V + 5%, R = 5082 to 2.0V, AIRFLOW > 2.5 m/s)

- Ta=25°C Ta=075°C .
Characteristics Symbol Vi VP, Mo, M- Mo, Unit Notes
READ MODE
Chip Select Access Time Tac 7 10 12
Chip Select Recovery Time Tre 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 Tsc 5 5
Address Set-Up Time Tsa 8 8
Data Set-Up Time Tsp 5 5 s |Tww =20ns (25°C)
Chip Select Hold Time THC 5 5 =25 ns (0-75°C)
Address Hold Time THA 2 2
Data Hold Time THD 5 5
Output Rise/Fall Time /g 25 3.0 ns 20-80%
Pin-Capacitance Input C pF
Pin-Capacitance Output Co pF
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READ MODE

“—1. L}—

- X

Din

Ag-Az

Dour

WRITE MODE

Tws TwR
TsA Taw THA
je—— Tgp ] fe——— THp ]
Tsc THe
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SWITCHING TIME CONDITIONS
LOADING
- 16
Dout
me704s 5.
RL CL
3 R =500
Cp =15 pF
0.01 — INCLUDING JIG AND
uF —2.0V - STRAY CAPACITANCE
VEE
-——
INPUT AND OUTPUT
INPUT
-0.9v
-1.7v
t, = t§ = 2.5 ns (typ.)
OUTPUT
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POLAR 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 (lsolation
by Oxide and Polysilicon), processing.
As-a resultvery 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.

e 1024 words x 1 bit organization

® On-chip voltage compensation for
improved noise margin

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

® Address access time:
35 ns typ. (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

o Low power dissipation of 0.5
mW/bit

® DOPOS and IOP processing

® Pin compatible with the F10415/A
and HM2110

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
VEE Pin Potential to Ground Pin VEE +0.5to -7.0 \"
Input Voltage VIN +0.5 to VEE \
Output Current (DC Output High) louT 30 mA
Temperature Under Bias TA -55 to +125 °c
Storage Temperature Tstg -65 to +150 °c

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS

are exceeded.

2-26

MBM 10415
MBM 10415A

CASE DIP16-A
CERAMIC PACKAGE

PIN ASSIGNMENT

N 16:[ Vee
Ao [ 2 15 ] Din
3 14 ] cs
13] ] we
2] A
1] As
10 ] A
8 9(] As

~

>
aMmmmrr

Vee

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.

o
g
z
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FUJITSU MBM 10415
W mBM 10415A

GUARANTEED OPERATING RANGES

Supply Voltage (VeEg)

Part Number Ambient Temperature
Min Typ Max
MBM 10415, MBM 10415A —5.46V —5.2V ~4.94V 0°C to 75°C
DC CHARACTERISTICS ,
(Vece =0V, Vgg =-5.2V, Output Load = 5052 to —2.0V, unless otherwise noted.)
Parameter Symbol Min Typ Max Unit Ta
. —1000 —840 0°C
O\;HPU_t \f/*-gh Vo|tag\;ﬁ Vou ~960 -810 mV 25°C
(Vin = ViHmax or ViLmin) ~900 —720 75°C
o Vol —1870 —1665 0°c
utput Low Voltage VoL | —1850 —1660 mV 25°C
(VIN = ViHmax of ViLmin) —1830 —1625 75°C
Hich Vol —1020 0°c
Output Higl oltage Vone —980 mV 25°C
(VIN = ViHmin Of ViLmax) 920 75°C
o Low Vol : —1645 0°c
(V“ t”:’tv o ‘;r“\’lge ) Voie ~1630 | mv | 25°C
IN IHmin ILmax —1605 75°C
Inout High Vot -1145 -840 0°c
olta
(r(lapu -tg dl iev Itage High for All | Vin —10s 810 mv 25°¢
uaranteed Input Voltage High for nputs) 1045 —720 76°C
Inbut Low Voltage —1870 —1490 0°c
gpu c;wd :) agt Voltage Low for Al Inputs) Vie 1850 —1475 mv 25°C
o
(Guaranteed Input Voltage Low for nputs —1830 —1450 75°C
Input High Current (VN = ViHmax) huH 220 MA 0°to 75°C
Input Low Current (ViN= ViLmin) T8 —-50 MA 0°o 75°C
CS Input Low Current (Vin= ViLmin) e 0.5 170 uA 0°o 75°C
Power Supply Current 90 75°C
leg mA o
(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 Cin e 4 5 — 4 5 pF
Output Pin Capacitance CouT — 7 8 — 7 8 pF
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MBM 10415 FUJITSU

MBM 10415A MR

AC CHARACTERISTICS

(Vee=0V, Vgg=—5.2V+5%, Ta=0°to 75°C, Output Load =50%2 to —2V and 30pF to V¢, unless otherwise noted.)

Fig. 1 — AC TEST CONDITIONS
Gnd
T —-0.9V —— 80%
20%
16 —1.7V.
1 t, tfl'-—
R
s t CL t,=t4=2.5ns typ
_J: ! :[ Output Load: Ry =500
I = CL = 30pF
= Vee -20v - (including jig and stray capacitance)
READ CYCLE
MBM 10415 MBM 10415A
Parameter Symbol Unit
Min Typ Max Min Typ Max
Address Access Time tAA — 35 60 — 25 35 ns
Chip Select Access Time tac —_— 15 30 — 7 10 ns g
Chip Select Recovery Time trc - 20 35 - 7 10 ns S_
o
=
(1]
READ CYCLE TIMING DIAGRAMS g
=
o
»
cs 50% Address 50%
tapa—=
b ViHmin
DouT ouT + Vi
max
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FUJITSU MBM 10415

IO -~ mBM 10415A
WRITE CYCLE
MBM 10415 MBM 10415A
Parameter Symbol Unit

Min Typ Max Min Typ Max
Write Pulse Width tww ™ 35 25 — 25 20 — ns
Write Recovery Time twr™ " 30 20 — 10 7 — ns
Write Disable Time tws ™ 30 20 — 10 7 — ns
Address Set Up Time tsa™” 20 15 — 8 5 — ns
Chip Select Set Up Time tsc™* 5 0 — 5 0 - ns
Data Set Up Time tsp™* 5 0 — 5 0 — ns
Address Hold Time tya ™" 5 1 — 4 1 — ns
Chip Select Hold Time tqe™*” 5 0 — 5 o] — ns
Data Hold Time thp** 5 0 — 5 0 — ns

*Note: For MBM 10415, tg o= 20ns; for MBM 10415A, tga = 8ns.
**Note: For MBM 10415, tyyw=35ns; for MBM 10415A, tyyw=25ns.
WRITE CYCLE TIMING DIAGRAM
Address }K ><
Din
sp = - o
WE K 7— tha
sa ww the
DouT tsc ViLmax ViHmin
— s ‘W“—‘l
RISE TIME and FALL TIME
MBM 10415 MBM 10415A
Parameter Symbol Unit

Min Typ Max Min Typ Max
Output Rise Time t, — 5 —_ — 5 —_— ns
Output Fall Time t — 5 —_— — 5 _— ns
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MBM 1041 FUJITSU
MBM 10415A My
TYPICAL CHARACTERISTICS CURVES
Fig. 2 — lIeg SUPPLY CURRENT Fig. 3— Vou OUTPUT HIGH VOLTAGE
vs AMBIENT TEMPERATURE 06 vs AMBIENT TEMPERATURE
110 s
- w
E o 0.7
e 100 g
I~ _
T ; 08 -~
T 90 1] P~
=) = //
© I _oo9 —
> ~ = 1
z 80 ] >
o ™~ =l
2 3 -10
w7 g
> 1.
60
0 20 40 60 80 100 0 20 40 60 80 100
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C)
Fig. 4 — Vo, OUTPUT LOW VOLTAGE
vs AMBIENT TEMPERATURE
>
& -1.5
P
3
Q -8
=
9
£ S
E
> -1.8
=} (o1]
5 -
2 e 3
(]
0 20 40 60 80 100 =
Ta, AMBIENT TEMPERATURE (°C) %
Fig. 5 — Igg SUPPLY CURRENT Fig. 6 — CS INPUT HIGH CURRENT 3
vs VEg SUPPLY VOLTAGE vs AMBIENT TEMPERATURE 2
o0 150 g
- 4 <
< é 130
= 80 y/ %
g / E 1o—1=g
z ] g ~
g 60 B o .y
3 I 2 -
> l Q NS
I
& 40 [
2 )
@ a 70
¥ 20 IE
(8]
50
0 /
0 -2 -4 -6 -8 -10 0 20 40 60 80 100
Vee, SUPPLY VOLTAGE (V) Ta, AMBIENT TEMPERATURE (°C)
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FuJiITsu MBM 10415
UMM - mBM 10415A

Fig. 7 — taan ADDRESS ACCESS TIME

55

45

35

25

15

taa, ADDRESS ACCESS TIME (ns)

vs VEg SUPPLY VOLTAGE

50

40

30

tww, WRITE PULSE WIDTH (ns)

-4 45 -5 -55 -6 —65
Veg, SUPPLY VOLTAGE (V)

Fig. 9 — tac CHIP SELECT ACCESS TIME
vs AMBIENT TEMPERATURE

Fig. 8 — tww WRITE PULSE WIDTH

vs VEg SUPPLY VOLTAGE

-4 -45 -5 -55 —6
VEgg, SUPPLY VOLTAGE (V)

—-6.5

E 3.4
w
=
= 32
173
w
3
3.0
: " —r—
[&]
w
o 28
w
=
S 26
Q
X
24
0 20 40 60 80 100
Ta. AMBIENT TEMPERATURE (°C)
Fig. 10 — taa ADDRESS ACCESS TIME Fig. 11 — tww WRITE PULSE WIDTH
vs AMBIENT TEMPERATURE vs AMBIENT TEMPERATURE
% 30 - 16
£ 2
> £
s I
s 28 'é 14
a2 =
g 26 ~ 8 121N\
2 P é \\
3 w N
g 24 E 10 \\
o [ N
2 ¢
L2 z s —
g 2
20 6

0 20 40 60 80 100
Ta, AMBIENT TEMPERATURE (°C)
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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 designated
Ag~Ag. 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
Dyn 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

Sl A

MBM 10415 FUJITSU
MBM 10415A A
FUNCTIONAL DESCRIPTION/APPLICATIONS INFORMATION
Fig. 12 — MBM 10415/A BLOCK DIAGRAM
Ao
ﬁ‘ ] x-Address Word 32x32
2 — 1 Memor
ﬁz : Decoder | | Driver Cell Y —ﬁ Dout
[T
Sense Amp [
Write ——(_—__EL G
Driver | —lﬁ— WE
[
Y-Address Din
Decoder
TRUTH TABLE (Positive Logic)
AsAsA7AgAg [ weor I -
e ‘ﬁ~—:D—INiMOUTPUT] 7 MODE

transfered to Doyt and
read out non-inverted. Open
emitter outputs are provided
to allow for maximum flex-
ibility in output wired-OR
connection.

H X 7 X ”LV 7 |
[ T

L oL L L T

L L | H L ;

X = Don't care

1 | weiTE
L o W | X | boyr | Remp |

16K words x n bit

System

Fig. 13 — LARGESYSTEM APPLICATION
Ay ——
A?*' Memory
Ay —
ﬁf _— | Bustoall ‘
ﬁz Ty address and
A7 — | WE inputs [ | B ROW 0
Ay — T, - | —
We— l = o
A 3
A : N — 1 —  |Row1
A 2 . J )
Az o
BOARD Bus to CS
ENABLE inputs,row 37 |—<’1 9 —  row?
through 13 | ’ | -
! ! ) 1 1 T ] I
B o o
§ ! : : ! | |
2 l - X '
) L o
Din o " —1 e L+ irow1a
Din 1 o——l . :
Dinn° N
] r — — —  |Row 15
a: — D,
Dout 1
o
500 %509 = 3
—2.0v DouT n

®
g_
=

SIlIoOWd
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FuJITSU MBM 10415
(UG mBM 10415A
Fig. 14 — SMALL-SYSTEM APPLICATION 4K words x 1 bit
Memory System
Din
WE
’\J Q 20V
== MBM 102!:;
1 SSmpm 104158 L
WE P—4
az - c‘g J Diy
m= £ 9 Svamioersa b co0ur
prie § L
Ay — s
:; = § J\,L Din
] S ioarsa
WE
MB 10101 T T 0 J\J Bin
Ao —1 | == MBM 10415
| | MBM 1041VSTAE
L WE]
= |
L__J

PACKAGE DIMENSIONS

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

R 040 (1 0) REF

222227 0°~Q°
16 of T
1
| 287 (7 29, 290 (737)
| 299 (7 B 1310 (7 87)
|
1 8] | |
| 760 (19 30) ] Foos (0 20)
) 800 (20 32) 012 (0 30)

TI 050 (1 27) MAX
I

070 (1 78) -
088 (2.24)

042 (1 07)
062 (1.58)

_L 160 (4 06) MAX

——
020 (0 51) | 120 (3 05)
043 (1 10) | 140 (3 56)

.023 (0 58)

.090 (2.29)
.110(2.791“’54 —H—‘ 93200 81)
' o15(losa) 700 (17 78) REF

Dimensions in
inches (millimeters)
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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.



I TTL1024-BIT - MBM 93415
FUJITSU
Iy ACCESS MEMORY

1024-BIT BIPOLAR TTL RANDOM ACCESS MEMORY

The Fujitsu MBM 93415 and MBM ® 1024 words x 1 bit organization
93415A are fully decoded 1024-bit

TTL read/write random access memo-
ries for buffer control storage and high

® On-chip voltage compensation for
improved noise margin

performance main memory applica- ® Fully compatible with standard
tions. Both devices are organized as DTL and TTL families
1024-words by one bit, and they ® Address access time:

feature on-chip voltage compensation 40 ns typ.(MBM 93415)
for improved noise margin. 30 ns typ (MBM 93415A)

@ Chip select access time: 15 ns typ.

The MBM 93415/MBM 934 15A have
(both types)

extremely small cell and chip sizes,

CASE DIP 16-A
CERAMIC PACKAGE

realized through the use of Fujitsu’s ® Open collector output
patented DOPOS (Doped Polysilicon), ® Low power dissipation of
as well as IOP (Isolation by Oxide and 0.4mW/bit typ

Polysilicon) processing. As a result, .
very fast access time with high yields o DOPOS and IOP processing
and outstanding device reliability are ® |Interchangeable with F93415/
achieved in volume production. 93415A

PIN ASSIGNMENT

ABSOLUTE MAXIMUM RATINGS (See Note)

U/
Rating Symbol Value Unit cs O 16[] Vee
i i i A, [ 2 15D @
Ve Pin Potential to Ground Pin Vee -0.5t0 +7.0 \ 0 IN _g-
A s 14 ] WE
Input Voltage (DC)* VIN -0.5t0 +6.5 \% ! H )
A, [ a 13[] Ao =
Input Current (DC)* N -12t0+5.0 mA As O s 12 [] Ag %
) A [ 6 nJA 3
?/ooltage Applued to Output Vout —0.5 to 5.5 v 7 °
utput High) Dout] 7 10[] As g
Output Current (DC, Output Low) louT +20 mA GND[] 8 9] As @
Temperature Under Bias TA -55 to +125 °c
Storage Temperature Tstg -65 to +150 °c 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
Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS higher than maximum rated voltages to this

are exceeded. device.

*Either input voltage or input current limit is sufficient to protect the input.
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FUJITSU MBM 93415

WHIW  MmBM 93415A

GUARANTEED OPERATING RANGES

Supply Voltage (Vcc)

Part Number Ambient Temperature
Min Typ Max
MBM 93415, MBM 93415A 4,75V 5.0V 5.25 V 0°Cto 75°C
DC CHARACTERISTICS
(Guaranteed operating range unless otherwise noted, Airflow = 2.5m/s, after two minute warm-up.)
Parameter Symbol Min Typ Max Unit
Output Low Voltage (Ve = Min, g = 16mA) VoL - 0.3 0.45 \
Input High Voltage _
(guaranteed input high voltage for all inputs) Vin 21 1.6 v
Input Low Voltage _
(guaranteed input low voltage for all inputs) Vie 15 08 v
Input Low Current (Ve = Max, Vin = 0.4V) IR - -250 -400 uA
Input High Current (V¢ = Max, Vy = 4.5V) 1YY - 1.0 40 HA
Input High Current (Vg = Max, Vg = 5.25V) liH2 - - 1.0 mA
Output Leakage Current (Vg = Max, VoyTt = 4.5V) Icex - 1.0 100 A
Input Diode Clamp Voltage (Ve = Max, Iy = -10mA) Veo - -1.0 -1.5 \%
- 155* mA
Power Supply Current (V¢ = Max, all inputs grounded) lcc 95
- 130** mA
*Note: To=0°C to 25°C **Note: To=25°Cto 75°C
CAPACITANCE
Parameter Symbol Typ Max Unit
Input Pin Capacitance Cin 4 5 pF
Output Pin Capacitance Cout 7 8 pF
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AR A

MBM 93415 FUJITSU
MBM 93415A I
AC CHARACTERISTICS
(Guaranteed operating range unless otherwise noted, Airflow = 2.5m/s, after two minute warm-up.)
Fig. 1 — AC TEST CONDITIONS
Vee Vee Input Pulses
T 3.5V -- 00%
16
10%
ALt GND
t tf
7 t, =t; = 10ns
Ri2 cL Output Load: Ryq =300%2, R = 60082
8 Cp =30pF
-]_ (including jig and stray capacitance)
READ CYCLE
MBM 93415 MBM 93415A
Parameter Symbol Unit
Min Typ Max Min Typ Max
Address Access Time taA - 40 70 - 30 45 ns
Chip Select Access Time tac - 15 40 - 156 30 ns
Chip Select Recovery Time tRc - 20 40 - 15 30 ns

READ CYCLE TIMING DIAGRAMS

o
o
=
=
(1]
3
]
=
(1]
(/]

cs Address

taA

DouT DouTt

NOTE: All time measurements referenced to 1.5V.
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FUJITSU MBM 93415

KGN mBM 93415A
WRITE CYCLE
MBM 93415 MBM 93415A
Parameter Symbol Unit
Min Typ Max Min Typ Max
Write Pulse Width tww* 50 25 - 35 25 - ns
Write Recovery Time twr ** - 25 50 - 20 40 ns
Write Disable Time tws** - 20 40 - 20 30 ns
Address Set Up Time toa®® 15 0 - 5 0 - ns
Chip Select Set Up Time tsc** 5 0 - 5 0 - ns
Data Set Up Time tsp** 5 0 - 5 0 - ns
Address Hold Time tHA** 5 0 - 5 0 - ns
Chip Select Hold Time thc** 5 0 - 5 0 - ns
Data Hold Time tHD** 5 0 - 5 0 - ns

*Note: For MBM 93415, tga=15ns; for MBM 93415A, tga=5ns.
**Note: For MBM 93415, tyww=50ns; for MBM 93415A, tyw=35ns.

WRITE CYCLE TIMING DIAGRAM

S ev---- \ /

Address >< ><
Din
tsp f~— —1 tHD
e \ /
K 7 F——tHA —
L-;t —
SA tww tHe
DouT tsc
-1 tws — twR

NOTE: All time measurements referenced to 1.5V.
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MBM 93415 FUJITSU

mem 93415A [
TYPICAL CHARACTERISTICS CURVES
Fig. 2 — Igc SUPPLY CURRENT Fig. 3 — lIcc SUPPLY CURRENT
vs Vgc SUPPLY VOLTAGE vs AMBIENT TEMPERATURE
200
- 120
E 160 - S
= " £ 100
T 120 w
3 4 ~
3 5 80 S
o s} N
> 80 > —
: / £ w
@ 40 @
s 8 a0
0
20
0 2.0 40 6.0 8.0 10.0 -20 0 20 40 60 80 100
Vee, SUPPLY VOLTAGE (V) Ta, AMBIENT TEMPERATURE (°C)
Fig. 4 — loyT OUTPUT CURRENT
vs Vout OUTPUT VOLTAGE (LOW STATE)
- 25
3
£
5 2
w
@
S 15
o T ~=75°
£ \TTA 27".’ ¢
=25°C
E 10 7/ A
3 // TA=0°C
‘. 3
3 3
)
-
0 01 02 03 04 05 06 Z
Fig. 5 — lour OUTPUT CURRENT  VOUT- OUTPUT VOLTAGE (V) Fig. 6 — I;y INPUT CURRENT ‘3“
vs Voyt OUTPUT VOLTAGE ( HIGH STATE) vs Vin INPUT VOLTAGE 2
o . munnl ;
2 TA=75°C| : TA=75°C
£ TA=25°C- < TA=25°C~
L 10 +—— E 10 ]
2 Ta=0°C - Ta=0°C
w 2
3 T
50 € o
(] 2
[ o
2 =
-1.0 -10 .
% 20 ~TA=25°C 3 Ta=25°C_
l-g-—2. \T;=OI°C £-20 T6=9°C‘
- -3.0 I | -3.0 l ’ |
20 0 20 40 60 80 0 20 40 60 80 100
VouT. OUTPUT VOLTAGE (V) V)N, INPUT VOLTAGE (V)
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FUJITSU MBM 93415

MMM - mBMm 93415A
Fig. 7 — tan ADDRESS ACCESS TIME Fig. 8 — taa ADDRESS ACCESS TIME
vs Vcc SUPPLY VOLTAGE vs AMBIENT TEMPERATURE
Z 50 R
s £
F 40 ;o 40
2 &
8 8
2 30 < 30
(7]
a a
g 2 & 20
2 =)
< <
5 10 ; 10
0 0
4.5 5.0 5.5 -20 1] 20 40 60 80 100
Ve, SUPPLY VOLTAGE (V) Ta. AMBIENT TEMPERATURE (°C)
Fig. 9 — tyww WRITE PULSE WIDTH Fig. 10 — tyww WRITE PULSE WIDTH
vs Voo SUPPLY VOLTAGE vs AMBIENT TEMPERATURE
14 - 14
2 £
I
E 12 5 12
z z 1
8 10 @ 10 —PN
-
2 2 =
w g E 8
c g
4 4
45 5.0 5.5 20 0 20 40 60 80 100
Ve, SUPPLY VOLTAGE (V) Ta. AMBIENT TEMPERATURE (°C)
TYPICAL TRANSIENT WAVEFORMS
NOTE: Vertical grid
~ 2V per division
Address
WE
L/
— >
Dour I/ \
\ \/\M
0 40 80 120 160
TIME (ns)




FUNCTIONAL DESCRIPTION/APPLICATIONS INFORMATION

MBM

(I

FUJITSU

93415
mBM 93415A  [HIHHHHRRMAN

FUNCTIONAL DESCRIPTION
The Fujitsu MBM 93415 Fig. 11 — MBM 93415/A BLOCK DIAGRAM
and MBM 93415A are fully
decoded 1024-bit read/write
random access memories A, —
organized as 1024 words by A, —y Address Word 32 x32
one bit. Memory cell selec- A 1 Decoder || Driver | ] MemorY N
tion is achieved by means of ﬁ? Cell ) P DouTt
a 10-bit address designated M
Ao~Ay. The__active low Pan o
Chip Select (CS) input is Sense Amp {_p cs
provided for memory ex- Write ‘—@_ .
pansion. The read and write Driver j_,ﬂ— WE
operations are controlled by I
the state of the active low v
Write_Enable (WE) input. D'Add'ess Din
With WE and CS held low, ecoder
the data at Dy is written
into the addressed location. TRUTH TABLE (Positive Logic)
To read, WE is held high, AAAAA, INPUT
while CS is held low. Data & Twelo OUTPUT MODE
at the addressed location is IN
then transfered to Doy H| X | X H DISABLED
and read out non-inverted. L L L H WRITE “L"”
Open collector outputs are L L H H WRITE “H"
provided to _al.low. for max- L v X Dout READ
imum flexibility in output X = Dor
wired-OR connection. = Don't care
Fig. 12 — LARGE-SYSTEM APPLICATION 16K words X n bit
ﬁ‘l’ — Memory System
Ay —
Al —
24 — | Bustoall
S~ )address and —
Ag — (== CS Dynjp— TS Dinf—— (I IYY .
ﬁg — | WE nputs r Dour RE 9 Dou'rd ROW 0
A — T T T
f— _ I
Ao 95 —
An :,‘1 ¢—qCS Ding— —q3 Dint— CS Oynf—d ROW 1
Ap g‘;‘ Dout Dout DouT
AD ﬁ T - T
Bus to CS — _
ESQSEE inputs, row 31945 O CEO n_'r C; o Row 2
ﬂ through 13 o Y out
e L D o
g Lt R )
3 i i L i Do
Dino 122} 1—¢c‘§ oinf— 55 o & oy | ROW 14
Din1 8 olu'r L olu - OIUT
o
DiNn-1 T
TS O CS Oy TS oy
DouT I_J Doyt Dout ROW 15
i —— D
ouT 0
£ 3300 % 3300 f300 ] gPouTn
Vee —DouT n-1
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FUJITSU MBM 93415

UMW - MmBM 93415A
Fig. 13 — SMALL-SYSTEM APPLICATION 4K words x 1 bit
Memory System
Din
WE
! Vee
Qo e 3900
WE
» T
no & J
o g wenesalt
33 = i 9 ESMBMQJM'Z_/EA v——o DouT
A= ® L
N 3 1)
Din
mamn bt
T
|
A Msmss‘z'fs'
1o amamew%
MB442 T
A (SN 7442)
"N
PACKAGE DIMENSIONS
Circuit diagrams utilizing
Fujitsu products are includ-
16-LEAD CERAMIC DUAL-IN-LINE PACKAGE ed as a means of illustrating
(CASE DIP16-A) typical semiconductor appli-
N\ cations; consequently, com-
B plete information sufficient
T 3 T for construction purposes is
R 040 (1 0) REF not necessarily given. The
287 (7 29) 290 (7 37) information herein has been
310 (787) .
299 (759) carefully checked and is be-
, s | lieved to be entirely reliable.

=
760 (19 30) T 08 (0 20
800 (20 32) 012 (0 30)
——1 r 050 (1 27) MAX
[ 1
088 ‘(:Iz 3; l 160 (4 06) MAX
—
042 (107) 020'(0 51) | 120 (3 05)
062 (1 58) 043 (110) | 140 (356)
90 (2 29) __i 0:
110 (2 79)
' i {
015 (0 38) 700 (17 78) REF

Dimensions in
023 (0 58) inches (millimeters)

32(0 81)
REF

241

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.



FULLY DECODED MB 7071N/H
“WWWWWWWM 1024-BIT ECL MB 7072 N
READ/WRITE RAM
I

1024-BIT ECL READ/WRITE RANDOM ACCESS MEMORY

The MB7071 and MB7072 devices are MB 7071 PIN ASSIGNMENT
fully decoded 1024 bits ECL read/
write random access memories de- Vcco DOg DOy DOz DO3 Dl
signed for high speed scratch pad, M O O N0 O N
control, and buffer storage applica- /
tions. The MB7071 has maximum vee O ] DIy
access times of 10 ns (H version) _
and 15 ns (N version), while the WE [] ] DI
MB7072 has maximum access time of _
15 ns. Normal organization is 256 x 4, 8S3 [ ] DI3
but organizations of 512 x 2 and TOP VIEW
1024 x 1 are made possible by uti- BS; (] ) Vee
lizing the block select feature. The
MB7071 is available in our 24-pin 857 O D A7
QIT package, while the MB7072 is
available in our standard 22-pin DIP. 859 O M Ag
o o oo o u g
® 256 words x 4 bits organization Ag A7 Az Az Az Ag
® Fully compatible with 10K-series
ECL families *TERMINAL SPACING = 75 mil
® Address access time: 10 ns (max.)
® Low power dissipation of 0.8 MB 7072 PIN ASSIGNMENT
. [o9)
mW/bit =
® Operating temperature: 0°C to 3_51 U WE 3
0 .
+75°C (ambient) 55, vee o
Ag Vcco %
ABSOLUTE MAXIMUM RATINGS Aq DOg g
=
Rating Symbol Value Unit Az D01 8
A TOP Do
3 2
VEgE Pin Potential to Ground Pin VEE +05. to -7.0 \ VIEW
Agq DO3
Input Voltage VIN +0.5to VEg \ As Dlg
Output Current (DC Output High) louT 30 mA Ag Diq
Temperature Under Bias Ta -25 to +125 °c A7 DI2
Storage Temperature Tstg -55 to +150 °c VEE Di3
STANDARD 22 PIN DIP
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FUJITSU 71 N/H
Wl mB 7072N
MB 7071 BLOCK DIAGRAM
Ag Ag Az
Y — DECODER/DRIVER |
| ! I
As C)—’-T | : |
& | |
A3 O— 2 | 256 X 4 BITS CELL ARRAY |
g | | |
Az O— & [ | | |
! l |
A1 O— ‘? BLOCKO : BLOCK1 | BLOCK2 | BLOCK3
x | |
00— | ! | |
1 1 i
N I | I
vﬁ SA/WA l SAMWA ] SA/WA ‘l SAMWA

éééht!éé&ééi

DOg Dig DO DIy BS1 DO2 DIz 882 DO3 Dig BS3
TRUTH TABLE (POSITIVE LOGIC)
INPUT
BS WE DI OUTPUT MODE
H X X L DISABLE
L L L L WRITE :0: H = High Voltage Level
L L H L WRITE “1 L = Low Voltage Level
L H X DO READ X = Don‘t Care
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MB 7071 N/H FUJITSU

MB 7072N O
DC CHARACTERISTICS
VEE = -5.2V, Output Load = 50 Ohm to -2V
Parameter Symbol Min. Typ. Max. Unit Note
-1000 - 840 0°C  ViN=ViHmax °
Output High Voltage VoH - 960 - 810 mV 25°C ViLmin
- 900 - 720 75°C
-1870 -1665 0°C  ViN = ViHmax O
Output Low Voltage VoL -1850 -1650 mV 25°C ViLmin
-1830 -1625 75°C
-1020 0°C  VIN=ViHmin OF
Output High Voltage VoHe | - 980 mV 25°C ViLmax
- 920 75°C
-1645 0°C  ViN = ViHmin ©F
Output Low Voltage VoLc -1630 mV 25°C  V|_max
-1605 75°C
-1145 ~ 840 0°c
Input High Voltage VIH -1105 - 810 mV 25°C
-1045 - 720 75°C
-1870 -1490 0°c
Input Low Voltage ViL -1850 -1475 mV 25°C
-1830 -1450 75°C
Input High Current lH 220 LA 0°C to 75°C
Input Low Current TR 0.5 170 MA 0°Cto 75°C
N: -120 mA 0°Cto 75°C
Power Supply Current lgg H: -160 mA 0°C 10 75°C

o
)
-
=
(1]
3
(o)
=.
o®
(7]
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FUJITSU MB 7071 N/H

W mB 7072N
AC CHARACTERISTICS
VEE =-5.2V £ 5%, Tp = 0°C to +75°C, Output Load = 50 Ohm to -2V and 15 pF to V¢
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
. N:9.0 | N: 15.0 ns
Address Access Time tAA H:76 | H: 100 ns
Write Pulse Width tww 8.0 55 ns
X N: 3.0 ns
Address Set Up Time tSA H: 2.0 ns
. N: 3.0 ns
Block Select Set Up Time tsB H: 2.0 ns
. N: 3.0 ns
Data Set Up Time tsp H: 20 ns
. N: 4.0 ns tww = 8.0ns
Address Hold Time tHA H: 2.0 ns
. N:4.0 ns
Block Select Hold Time tHB H-2.0 ns
. N: 4.0 ns
Data Hold Time tHD H: 20 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 t 3.0 ns 80% points
Input Pin Capacitance CiINn 8.0 pF
Output Pin Capacitance CouTt 8.0 pF
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TIMING DIAGRAM

WRITE MODE

Bs_x z

1K X

DO
a— tyS le— tWR

p— tS A —— o t— tyWW tHA
f———— tgp ————» tHD
r—tsg———u tHB
@
o
-
TIMING DIAGRAM %
READ MODE 3
o
S z ==
BS BS _\ 8

DO Ag~ Az X
a——tAB je—tRB DO *

——tAA
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IFEE mB 7072 N
MB 7072 BLOCK DIAGRAM
Ag Ag Az
[ Y — DECODER/DRIVER

A r : ]' i
| | |
| | i
Az 0— 2 | 256 X 4 BITS CELL ARRAY |
] | | |
A2 O— i | | |
AN | ! !

Aq H gl BLOCKO : BLOCK1 | BLOCK2 : BLOCK3
x | | |
Ag O— 1 | |

P | — T
SAMWA ! SAMWA SAMWA
DOg Dig DO1 DIy DO2 Dy BSq DO3 Di3
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MB 7071 - CASE QIT24 CERAMIC PACKAGE

PACKAGE DIMENSIONS

1.80(0.071) _gu,
2.20(0.087)

5.08(0.200)
MAX.

0.20(0.008)
0.36(0.014)

0.38(0.015)

I [ 0.58(0.023)

T | os90.035)

1.14(0.045)
| 1.65(0.065)

0.51(0.020) __| | 2.16{0.085)
1.27(0.050)

3.05(0.120)
3.56(0.140)

MB 7071

0.51(0.020) x 45°

12.19(0.480)

12.70(0.500)
B B & &= _‘L
12.19(0.480) _.I
12.70(0.500)
Dii in milli and (inches)

248




R EItn
FUJITSU MB 7071 N/H
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MB 7072
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ __’_‘___,A/Oo ~g°
22 12
R.050(1.27) REF
.380(9.65) .390 (9.91)
.396(10.06) 410 (10 41)
1 1 {
1.070(27 18) f
1.100(27.94) ,008(0.20)
.012(0.30)
—1 [——.050(1.27)MAX
[ 1
.075(1.91 - f
.093((2.36; _{ .180(4.57)MAX
f .120 (3 05)
090(2.29) 1140 (3.56)
: G a— | .042(1.06)
.110(2.79 = ——| f=— .020(0.51)
279) .015(0.38) -062(1.58) 050(1.27)

.023(0.58)
1.000(25.4)REF

Dimensions in
inches (millimeters)
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6-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 us/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 us/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 Unit
V¢ Pin Potential to Ground Pin Vee -05to+ 7.0 \
Input Voltage VIN -1.5to+ 55 \
Output Voltage VouT -05to+ 5.5 \
Output Voltage (during programming) | Vpgrg -0.5t0 32.5 \
Input Current IIN - 20 mA
Output Current lout +100 mA
Output Current (during programming) | IpRrg +220 mA
Temperature under Bias Ta -25to +125 °c
Storage Temperature Tstg -55 to +150 °c

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM

RATINGS are exceeded.

2.50

MB 7051
MB 7056

CASE DIP16-A
CERAMIC PACKAGE

® 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

® |nterchangeable with IM5600/
5610

PIN ASSIGNMENT
o, [ |1 ij Vee
0, []2 15[ ] CE
o, []3 14 ] A,
0.4 13[ ] A,
0s [ |5 12[] A,
o[ ]6 1] A
o, [ |7 10[ ] Ao
onp [ |8 o[ ] og

®
g
z

Sallows
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GUARANTEED OPERATING RANGES

Parameter Symbol Min Typ Max Unit
Supply Voltage Vee 4.75 5.0 5.25 \%
‘ Input Low Voltage ViL —_ — 0.8 \Y
Input High Voltage Vi 2.0 _— _— \
Ambient Temperature Ta 0 — 75 °c

DC CHARACTERISTICS

(Full guaranteed operating ranges unless otherwise noted.)

Parameter Symbol Min Typ Max Unit
Input Leakage Current (V|4 = 4.5V) IR1 — — 60 uA
Input Leakage Current (V4 = 5.5V) Ir2 — —_— 1.0 mA
Input Load Current (V| =0.4V) Ig —_ — -1.0 mA
Output Low Voltage (g = 16mA) VoL —_ —_ 0.45 \%
Output Leakage Current (Vg = 5.5V, chip disabled) loiH —_ —_ 40 MA
Output Leakage Current (Vg = 0.4V, chip disabled) loiL — — —-40 MA
Input Clamp Voltage (I = —10mA) Vic —_ — -1.5 \Y
Power Supply Current (V = OPEN or GND) lcc —_ — 100 mA
f Output Leakage Current (Vg = 5.5V, chip enabled) loLk™ — — 100 HA
| Output High Voltage (I = —2.4mA) MB 7051 | Vou* 24 — — v
Output Short Circuit Current (Vo = GND) MB 7051 los™ -15 —_ —60 mA

*Note: Denotes guaranteed characteristics of the output high-level (ON) state when the chip is enabled (V|gg = 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; Vcc =+5V; Vi = +2V; Tp = 25°C)

Parameter Symbol Min Typ Max Unit
Input Capacitance C — —_ 10 pF
Output Capacitance Co —_— —_— 12 pF
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Fig. 1-AC TEST CONDITIONS

Vee
MB 7051/7056
Ry
R, R, CpL
tAn 3000 | 60082 | 30pF
cL R, 'NPUTCONDITIONS oIS 1" o 6000 | 30pF
Amplitude .............. 0V to 3V tpis o’ 3000 6000 30pF
Riseand Fall Time.......... 5ns from 1V to 2V ten 1" o 60092 30pF
= Frequency ............... 1 MHz teN 0" 30092 6002 30pF
(Full guaranteed operating ranges unless otherwise noted.)
Parameter Symbol Min Typ Max Unit
Access Time (via address input) tan " — (40) 75 (50) ns
Output Disable Time, tpis” — (35) 75 (50) ns
Output Enable Time ten” — (35) 75 (50) ns
*Note: Values in parenthesis denote conditions at Tp = 25°C and Ve = 5.0V.
OPERATION TIMING DIAGRAM
Vin
ADDRESS INPUT 1.5v 1.5V
ViL
ViH

CHIP ENABLE INPUT

QUTPUT

Nl

CHIP ENABLE INPUT 1.5V \1.5V

tpis1 — —
OUTPUT \0’*_\0'5\/_ 1.5V
tpis o — ——V\KtEN“O”
OUTPUT ]
Voo + 0.5V 15V

VoL

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 AV of 0.5V from the

active output level.

2) taa, tpis‘1' and ten -+ cannot be tested prior to programming, but are guaranteed by factory testing.

2.52
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I mB 7056
Fig. 2—MB 7051/7056 BLOCK DIAGRAM
Ao O— :
A10 B —
— 256 BITS
ADDRESS [— 10F32
A20—{ INVERTERS | | DECODER = MEM‘gg;‘géLLS
vl 0 E
As O ] E
—
CE CHIP OUTPUT
CEoq gnaBLE BUFFERS

o b6 o 0 b & b6

O O, Og Os 0O O3 O, O,

TYPICAL INPUT CHARACTERISTICS CURVES

lina, ADDRESS INPUT CURRENT (mA)

Fig. 3—Iyna INPUT CURRENT
vs Vin INPUT VOLTAGE

Fig. 4—ljnc INPUT CURRENT
vs Vn INPUT VOLTAGE

T T
Ta=25°C

T T
Ta=25°C

-1

-2

-1

<
£
[
g o
z Vee =45V
)
o | - — |
— — -
(F 5 /?/‘ ~Vee = 5.0V
% -1 Veg =5.5V—]
w
-
[+0]
:
z -
MB7051/56 [ MB 7051/56
I
[&]
Q
0 1 2 - J— 0 1 2

Vin. INPUT VOLTAGE (V)
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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 OF F (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 Vee >
immunity, good rise time, line driving
capacity), plus the ability to connect 1.6K
to bus-organized systems. MEMORY CELLS

In the case where two devices are on at i
the same time, the possibility exists _ o

that they may be in opposite low %

Fig. 5—-MB 7051 OUTPUT

0.1K

impedance states simultaneously; thus, OUTPUT
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) 1.6K
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).

Fig. 6—MB 7056 OUTPUT

©
8
B
=

SalIows

MEMORY CELLS

O
OUTPUT
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TYPICAL OUTPUT/SWITCHING CHARACTERISTICS CURVES

Fig. 7—lg. OUTPUT LOW CURRENT
vs VoL OUTPUT VOLTAGE

Vce = 5.0V

60 |- Ta = 25°C

30 //
20 4
/ MB 7051/56
10 /
[

0 200 400 600
VoL, OUTPUT LOW VOLTAGE (mV)

loL, OUTPUT LOW CURRENT (mA)

Fig. 8—lon OUTPUT HIGH CURRENT
vs Yon OUTPUT HIGH VOLTAGE

- T T
‘é Ta =25°C
= 0 e
g -10 Vcc =4.5V-|
[ A | Vcc =50V
> L —Vee = 5.5V
O —20 >3 o
5 |
I -30
-
Z —40
5 MB 7051
O -50
I
2 60
1 2 3 4
Von., OUTPUT HIGH VOLTAGE (V)
Fig. 9—ta o ACCESS TIME vs Fig. 10—ta o ACCESS TIME vs
, AMBIENT TEMPERATURE 70 AMBIENT TEMPERATURE
0
60 60 7
R L £ A
w Vce = 4.5V w Vee = 4.5V
2 \KVCC =5.0V / 2 < Vee = 5%/
= 40 7 F 40
2 2
w = w
g 30 Vce = 5.5V ] 30 Vee =55V
< <
& 20 g 20
S g
= MB 7051 S MB 7056
10 10
0 0
—50 0 +50 +100 —-50 0 +50 +100
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C)
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tp1s. DISABLE TIME (ns)

ten. ENABLE TIME (ns)

DELAY TIME INCREASE (ns)

Fig. 11—tps DISABLE TIME vs
AMBIENT TEMPERATURE

T
MB 7051

60

50 /

40 //

30 Vge =4.5V /

Vcc =5.0V
20 |
Vee =5.5V
10
0
—50 0 +50 +100

0 AMBIENT TEMPERATURE
7 T
60
50
Vee =4.5V
40 f t
Vcc = 5.0V //
30
20 —Vec =5.5V
MB 7051

10

0

—50 0 +50 +100

TaA, AMBIENT TEMPERATURE (°C)

Fig. 13—tgny ENABLE TIME vs

Ta. AMBIENT TEMPERATURE (°C)

Fig. 15—DELAY TIME INCREASE
vs Ci. LOAD CAPACITANCE

[T
Vee = 5.0V MB 7051

—Ta=25°C

ADD TO tgn “1"” DELAY /
-

/I
P |
7 ADD TO ACCESS
DEl LAY ItA A l I

-

0 100 200 300

C,. LOAD CAPACITANCE (pF)

2-56

tgn, ENABLE TIME (ns) tpis, DISABLE TIME (ns)

DELAY TIME INCREASE (ns)

70

60

50

40

30

20

10

60

50

40

30

20

10

0

0
-50 0 +50 +100

ARSI
FUJITSU

MB 7056  [ilMMEHMAIE

Fig. 12—tps DISABLE TIME vs
AMBIENT TEMPERATURE

[
MB 7056

Vcc =4.5V ~
Ve = 5.0V L

Vce = 5.5V

I 1

Ta, AMBIENT TEMPERATURE (°C)

Fig. 14—tgy ENABLE TIME vs
AMBIENT TEMPERATURE

Vce =4.5V
1

5.0V ]

Vce =5. "

Vcec =5.5V

MB 7056

-50 0 +50 +100

g

8

Ta, AMBIENT TEMPERATURE (°C)

Fig. 16—DELAY TIME INCREASE
vs Ci LOAD CAPACITANCE

[
Vee = 5.0V MB 7056
—Ta =25°C

| ADD TO ACCESS—|_
DELAY tan

"
e
ADD TO tgp “0"” DELAY
~ 1 L EN L ]
0 100 200 300
C_. LOAD CAPACITANCE (pF)

@
o
]
=
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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
10us/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. 177 — PROGRAMMED CELL (CROSS SECTION)

Aluminum

‘| 78 «I—Q

’— Base

Epitaxial Layer

— Buried Layer —

Substrate

V7] Programmed by diffused aluminum eutectic process

o

Fig. 18—INTERNAL PROGRAMMING CIRCUIT

3

Q,

MEMORY CELL —O
OUTPUT

Q1

Q3
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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 Q1. By taking the
chip enable input high, the chip is
disabled and transistor Q3 is held off.
Then, a train of programming pulses
applied to the desired output flows
through the junction into transistor
Q1. 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.

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 = 2.1V and
Vcc=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 this
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.

IS
FUJITSU

MmB 7056 MK

Note:

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/
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.

%’.
DC SPECIFICATIONS (T, =25°C) 2
2
Parameter Symbol Typ Max Unit 5
Input Low Voltage ViL — 0.8 \ %
Input High Voltage ViH 2.0 —_ 5.25 \ i
Power Supply Voltage Vee 5.0 5.0 5.25 \%
Programming Pulse Current lprG 190 200 210 mA
Sense Pulse Current Isns 19 20 21 mA
Programming Pulse Clamp Voltage Vpra 31.5 32.0 32.0
Sense Pulse Clamp Voltage Vsns 31.5 32.0 32.0
Sensed Voltage for a Programmed 1"’ VREF 13.4 13.5 13.6 \

2.58
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AC SPECIFICATIONS (T, =25°C)

Parameter Symbol Min Typ Max Unit
Programming Pulse Duty Cycle —_— 70 _— —_— %
Programming Pulse Width tpw * 7.2 75 7.8 us
Programming Pulse Ramp Rate (Rise) —_— 50 —_ 70 V/us
Programming Pulse Ramp Rate (Fall) — —_— —_ 150 V/us
Address Input Set-up Time tsa 500 —_— _— ns
Chip Enable Input Set-up Time tsc 500 — _ ns
Address Input Hold Time tHA 500 —_ _— ns
Chip Enable Input Hold Time tHe 500 — — ns
Programming Pulse Trailing Edge to Sense Strobe Time tps 700 S _— ns
Programming Pulse Number —_— — —_ 100 Time
Programming Time/Device —_— — e 256 ms
Additional Programming Pulse Number —_— 4 4 4 Time

*Note:  Stipulated at 1502 load and 15V.

TYPICAL WAVEFORMS

Vee _/

Ao

2
A7

SENSE STROBE 1

2-59
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PROGRAMMING INFORMATION (continued)

AN
FUJITSU

A

PROGRAMMING PROCEDURE

Fig. 19—PROGRAMMING FLOW CHART
1. Apply the proper power ; Vge =

5.0V, GND = 0V

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 tgc,
and confirm that the output voltage
“Vo" is higher than, or equal to,
the sensed voltage “Vgeg”. (In the
case of Vg < VRgg, select the
next desired address after a delay
of tHA')

'
5. Apply a programming pulse with
amplitude of 200mA and duration
of tpyy .-
6. Apply the 20mA sense current and
YES
APPLY
SENSE CURRENT
and “6"".
b) In the case of Vg < VRgp, the

delay of tpg.

a) In the case of Vg = VREF, the
selected bit is still in the logic
ZERO state. Repeat steps ‘5"’

compare Vo with Vggp after a
selected bit is then in the logic NO VsV o3
ONE state. Apply the sense 02VREF’
current again, and confirm Vg < ! JES

VRefr after a delay of equal to APPLY
for grea_ter thz_in) tpw wnhqut PROGRAM PULSE
intervening with programming :
i=it1
pulse. In the case of Vg 2> ‘
VREF, repeat steps 5" and 6" APPLY
again. SENSE CURRENT
7. After confirmation of Vo < VRgFr, NO - ‘
apply four additional programming i232
pulses. In the case of Vo 2> YES ne
VgEeF, then, repeat steps “5” and
6", again. Select the next desired YES

word after a delay of tya. ( sToP ) APPLY
SENSE CURRENT

Notes: 1) Sense current must be inter-
rupted (= zero) during each

address change.
2) Programming must be done
bit by bit.
APPLY 4
3) Ambient temperature during PROGRAM PULSES
programming must be room
temperature (25° +2°C). —]

NO

n>100

2-60
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PACKAGE DIMENSIONS

16-LEAD CERAMIC DUAL-IN-LINE PACKAGE

(CASE DIP16-A)

=3 0°~9°

P T U S T

R .040 (1.0) REF

1

16

L

— T T T T 7

.760 (19.30)

1

800 (20.32)

.050 (1.27) MAX

==t
of |
|
|.287 (7 29) .290 (7.37)
‘ 299 (7.59) .310 (7.87)
8| | |
— ,i ' 008 (0.20)
.012 (0.30)

1

.070 (1.78)
.088 (2.24)

.042 (1.07)
.062 (1.58)

1
50 BRI 4ha

.032(0.81)
REF

_L.TGO (4.06) MAX

— —
.020 (0.51) [.120 (3.05)

.043 (1 10) |.140 (3 56)

I
015 (0 38)
.023 (0.58)

.700 (17 78) REF

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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IR PROGRAMMABLE MB 7052

1024-BIT READ MB 7057
FUJITSU ,
ONLY MEMORY
ST

TTL 1024-BIT PROGRAMMABLE READ ONLY MEMORY

The Fujitsu MB 7052 and MB 7057 test cells and unique testing methods
are electrically field programmable, provide enhanced correlation between
high speed bipolar TTL 1024-bit read programmed and unprogrammed

only memories organized as 256 words circuits in order to perform tests of

by 4 bits. With three-state outputs key parameters prior to shipment.
provided on the MB 7052 and un- This results in extremely high
committed collector outputs on the programmability.

MB 7057, memory expansion is
simple. Both devices have on-chip
address decoding and chip enable, and
they are fully compatible with both

® 256 words x 4 bits organization,

DTL and TTL circuits. fully decoded cEgﬁfAECDEAg?AGE
® High programmability of 99%

The memory is fabricated with all typical (98% minimum)

logic ‘“zeros’’ (positive logic). Logic ® Programming by diffused aluminum

level “‘ones’’ can be electrically pro- eutectic process

grammed in the selected bit locations

at the rate of 10 us/bit (typical). s Ultra-fa‘st programming time of
10 us/bit {typical)

® Fast access time of 40 ns typical

Additional circuitry is built into the ® AC characteristics guaranteed over (60 ns maximum) at T = 26°C
Fujitsu PROM chip to allow factory full operating voltage and tempera- e DTL/TTL ble i d
testing after packaging for AC, DC and ture range via unique testing compatible inputs an
programming parameters. The extra techniques outputs
® Active pull-up (3-state) on MB 7052
or resistor pull-up (open-collector)
on MB 7057 @
ABSOLUTE MAXIMUM RATINGS (See Note) ® Two chip enable (CE) leads for <3
simplified memory expansion 8_
Rating Symbol Value Unit ® Standard 16-pin DIP package 91
Ve Pin Potential to Ground Pin Vee -0.5to+ 7.0 \Y 4 lsrétggchangeable with IM5603/ %
Input Voltage VIN -15to+ 5.5 v g
~
Output Voltage Vour | -05to+55 |V PIN ASSIGNMENT 2
Output Voltage (during programming) VpRG -0.5 to +28.5 \%
As []1 NI ] Vee
Input Current N - 20 mA
As [ 2 15 ] Ay
+ _
Output Current louT 100 mA s E 3 1] G
Output Current (during programming) IPRG +220 mA Az [ 13 ] CE,
Temperature Under Bias TA -25to +125 °c Ao l: 5 12 j O
- A (s 1] o,
Storage Temperature Tstg -55 to +150 C
A, |: 7 10 j 0,
Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS GNDE 8 9 :| (A
are exceeded.
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GUARANTEED OPERATING RANGES

Parameter Symbol Min Typ Max Unit
Supply Voltage Vece 4.75 5.0 5.25 \%
Input Low Voltage ViL — — 0.8 \%
Input High Voltage ViH 20 — — v
Ambient Temperature TA 0 — 75 °c

DC CHARACTERISTICS

(Full guaranteed operating ranges unless otherwise noted.)

Parameter Symbol Min Typ Max Unit
Input Leakage Current (V| = 4.5V) IR1 — —_ 60 MA
Input Leakage Current (V| = 5.5V) Ir2 —_ — 1.0 mA
Input Load Current (Vi = 0.4V) Ie — —_ -1.0 mA
Output Low Voltage (lgL = 16mA) VoL —_— —_ 0.45 \Y)
Output Leakage Current (Vg = 5.5V, chip disabled) lon — —_ 40 MA
Output Leakage Current (Vo = 0.4V, chip disabled) loi —_ —_— -40 MA
Input Clamp Voltage (I = —10mA) Vic —_ —_ -1.5 \%
Power Supply Current (VN = OPEN or GND) lcc —_ —_ 130 mA
Output Leakage Current (Vo = 5.5V, chip enabled) loLk® — — 100 A
Output High Voltage (Ig = —2.4mA) MB 7052 Vou* 24 — _— \
Output High Voltage (lo = —0.4mA) MB 7057 Vou' 2.4 — — \Y
Output Short Circuit Current (Vo = GND) MB 7052 los* -15 —_— -60 mA
Output Short Circuit Current (Vo = GND) MB 7057 los* -1.0 — -6.0 mA

*Note: Denotes guaranteed characteristics of the output high-level (ON) state when the chip is enabled (V|CE = 0.4V) and the
programmed bit is addressed. These characteristics cannot be tested prior to programming, but are guaranteed by
factory testing.

CAPACITANCE (5= 1MHz; Vcc = +5V; Vi = +2V; Ta = 25°C)

Parameter Symbol Min Typ Max Unit
Input Capacitance Cy —_— — 10 pF
Output Capacitance Co —_ —_— 12 pF
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Vee Fig. 1— AC TEST CONDITIONS
R4
R MB7052 MB7057
Cu 2 R1 Ra C R R2 Co
tAA 3000 | 60092 | 30pF | 300 | 6009 | 30pF
= tpis 1 bt 60002 | 10pF o 3.3KQ | 10pF
INPUT CONDITIONS tpis “0” 30092 60002 10pF 3000 6000 10pF
A[nplitude R R R 0V to 3V teN 17 o 60092 30pF oo 3.3KQ | 30pF
Piseond FallTime ........... Snelom1Vto2V [T\ oo | 3000 | 6000 | 30pF | 3009 | 6002 | 30pF
AC CHARACTERISTICS
(Full guaranteed operating ranges unless otherwise noted.)
Parameter Symbol Min Typ Max Unit
Access Time (via address input) taA — (40) 70 (60) ns
Output Disable Time tpis™ — (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
ViH m
ADDRESS INPUT 1.5V }K 1.5v -—
ViL g
\ Vin ]
CHIP ENABLE INPUT
ViL %
\
OUTPUT or 3
VoL S
Vin 8
CHIP ENABLE INPUT
Vi
Vv
OUTPUT OH
OUTPUT
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 AV of 0.5V from the
active output level.

2) taA,tpis‘1+ and tgn‘*q cannot be tested prior to programming, but are guaranteed by factory testing.
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Fig. 2 — MB 7052/7057 BLOCK DIAGRAM

-
—
Ao0O— —
] =
Aq 0 B =
. » — 1024 BITS
Azo—| ADDRESS [ 10F32 E (32 x 32)
INVERTERS DECODER — MEMORY CELLS
Az O m E
A4 0— B E
[T T T I
Ag 0— 8INPUT [—| 8-INPUT |~ 8INPUT |— 8-INPUT
AgO—| ADDRESS MULTI- [ MULTI. |~ MULTI- [ MULTI-
INVERTERS - ] -
Ayom] PLEXER [—] PLEXER [—] PLEXER [—] PLEXER
_ 1 | 1 |
CE4 CHIP OUTPUT
&5, ENABLE BUFFERS
6 ) o [y
O4 03 0 0,
TYPICAL INPUT CHARACTERISTICS CURVES
Fig. 3 — Ijn A INPUT CURRENT Fig. 4 — ljnc INPUT CURRENT
Vs Vin INPUT VOLTAGE ::E‘ Vs Vin INPUT VOLTAGE
< E
E Ta-25°C £ Ta=25°C
E 0 — w 0 |
g Ve = 45V ] < Vee =45V
p=]
o
3 7 Vee 5.0V s Vee =5.0V
Ny o > :
E - Ve = 5.5V g -1 Vee =55V
s w
2
§ -2 zZ -2
a MB 7052/57 e MB 7052/57
< I
- (3]
< .
Z 3 g -3
- 0 1 2 e 0 1
Vin, INPUT VOLTAGE (V) Vi, INPUT VOLTAGE (V)
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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 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 impedance low-level)
is typically 30mA for the MB 7052
(3-state) compared to typically 3.0mA
for the MB 7057 (open-collector).

A

FUJITSU
MB 7057  [RUMIHIMMENY
Fig. 5 — MB 7052 OUTPUT
Vee
8-INPUT 1.6K 0.1K

MULTIPLEXER

O
OUTPUT

Fig. 6 — MB 7057 OUTPUT

Vee

8-INPUT 6.0K
MULTIPLEXER

2-66

o
g
-

salowd




SO R BT
FuJgiTsu MB 7052

Wi - mB 7057

TYPICAL OUTPUT/SWITCHING CHARACTERISTICS CURVES

Fig. 7 — loL OUTPUT LOW CURRENT Fig. 8 — loL OUTPUT LOW CURRENT
Vs VoL OUTPUT LOW VOLTAGE Vs VoL OUTPUT LOW VOLTAGE
70 70
< v =50V < V, =5.0V
£ cc =5. | Vee
= 60—~ 25°C E 80—, 25°C ‘
-4 Y z
w 50 w 50 '
4
3 40 4 3 % / !
2 2
S a0 / g %
5 = //
& 20 f? 20
5 E ]
3 10 MB 7052 % 10 / MB 7057
—-OJ 0 Z ‘ ° 0 / !
0 200 400 600 0 200 400 600
VoL, OUTPUT LOW VOLTAGE (mV) VoL, OUTPUT LOW CURRENT (mV)
Fig. 9 — lon OUTPUT HIGH CURRENT Fig. 10 — lo OUTPUT HIGH CURRENT
Vs VoH OUTPUT HIGH VOLTAGE Vs Voxu OUTPUT HIGH VOLTAGE
- [ - ]
‘é R Ta=25°C L E 0 Ta =25°C ,
g -10 el w—1 =
E 2 —~ Ve =45V s, — 1T Ve =45V
o~ //<‘ Vee = 5.0V (:J Vee = 5.0V
5 _a0 = ™Vec =55V | S _, Ve = 5.5V
I I
£ 5
2 —40 2 —a
&
7 ) MB 7057
3 _s0 MB 7052 3 s
3 I
I 5 _g
260 1 2 3 4 1 2 3 4
VoH, OUTPUT HIGH VOLTAGE (V) VoH, OUTPUT HIGH VOLTAGE (V)
Fig. 11 — taa ACCESS TIME vs Fig. 12 — tao o ACCESS TIME vs
AMBIENT TEMPERATURE AMBIENT TEMPERATURE
70 70
60 60
= Ve =45V H
Z 50 \\ CCI : Y W 50 —Vee = 4.5V 74
g g(vcc =5.0V 2 | Vec=5.0v
£ 40 Z ; 40 —
(7]
§ 30 —— 8 30 S
g FVee = 5.5V 2 Vee = 5.5V
‘f(. 20 itzo
N MB 7052 - MB 7057 |
10 10
0 0
—50 0 +50 +100 —-50 0 +50 +100
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C)
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ten, ENABLE TIME (ns)

DELAY TIME INCREASE (ns)

(e

FUJITSU

B7
MB 7057 I,

tpis, DISABLE TIME (ns)

Fig. 13 — tp;s DISABLE TIME vs Fig. 14 — tp;s DISABLE TIME vs
AMBIENT TEMPERATURE AMBIENT TEMPERATURE
70 70
MB 7052
60 e MB 7057
£
50 w 50
2
40 o 40
Vee =55V a
30 = < 30 Vee = 5.5V
= 3
20 520 Vee =5.0V
Vee =5.0vV o
10 Vce =45V "0 Vee = 4.5V
0 0 ||
—50 0 +50 +100 -50 0 +50 +100
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C)
Fig. 15 — tey ENABLE TIME vs Fig. 16 — tey ENABLE TIME vs
70 AMBIENT TEMPERATURE AMBIENT TEMPERATURE
70
MB 7052 —tEN“0" MB 7057
60 _ B0 ety
g Vec=45V | _|--
50 :J’ 50 e _S: = =
s | | Vee=50v | _ L]
40 Faolbmm o oo do o =]
N Vee = 45V uw T —"\v =55V
305 Vce =5.0V 2 30 Vee =45V |
— ER I Vee = 5.0V
1 b L Vee
=== Z20
SVee =55V = o2}
10 ==
10 Vce =55V '8
0 0 )
—50 0 +50 +100 ~50 0 +50 +100 =
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 2
3
Fig. 17 — DELAY TIME INCREASE Fig. 18 — DELAY TIME INCREASE Q
vs C. LOAD CAPACITANCE vs C. LOAD CAPACITANCE o
70 70 »
Vee =5.0V MB 7052 — 6o |-Vec =50V MB 7057
& L-TA =25°C B Ta=25°C
50 § 50
x
40 g 0 /ADD TO tenq~ DELAY
- ADD TO tg DELAY @ 30 /
F _~
1
20 "ADD TO ACCESS| [+~ 2
)
0 DELAY tan e @ 10 —>t~-ADD TO ACCESSH
— DELAY tan
0 - 0 | |
0 100 200 300 0 100 200 300
CL, LOAD CAPACITANCE (pF) CL, LOAD CAPACITANCE (pF)

2.68



AR
FUJITSU

B 705
W - mB 7057

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
10us/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.

2

Fig. 19 — PROGRAMMED CELL (CROSS SECTION)

Aluminum

. /= § ———

pu—

Base

Epitaxial Layer

—— Buried Layer —

Substrate

Programmed by diffused aluminum eutectic process

Fig. 20 — INTERNAL PROGRAMMING CIRCUIT

=) o
A VY kL
—
MEMORY CELL ——O
OUTPUT
AO
14 Q1
A4

—H
il
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A logic ““one” can be permanently VERIFICATION
programmed into a selected bit loca-
tion. The desired bit for programming After the device has been program-
is'selected using eight address inputs to med, the correct program pattern can
turn on transistors Q1 and Q2. By be verified by taking both chip enable
taking either (or both) chip enable inputs low. To guarantee full supply
inputs high, the chip is disabled and voltage and full temperature range
transistor Q3 is held off. Then, a train operation, a programmed device
of programming pulses applied to the should source 2.4mA/MB7052 (400uA
desired output flows through the junc- /MB7057) at Vou=2.1V and V¢c=
tion into transistor Q1. This program- 4.35V at 25°C ambient temperature.
ming current changes the junction to
the conducting state. The pulse train is LIABILITY
stopped as soon as the sensed voltage
indicates that the selected bit is in the Fujitsu utilizes an extensive testing
logic one state. procedure to ensure device perform-
ance prior to shipment. However,
An additional 4 programming pulses 100% progr'am.ma.bility is_ not guaran-
are required to ensure that the bit is teedz .a"‘.j It Is Imperative that this
fully programmed, and to achieve high specification be rigorously adhered to
reliability. in order to achieve a satisfactory pro-
gramming yield. Fujitsu will not
One output must be programmed at a accept responsibility for any device
time, since the internal decording found defective if it was not program-
circuit is capable of sinking only one med. according to this "specvflcatlon.
unit of programming current at a time. 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.
@
[
-
DC SPECIFICATIONS (Ta =25°C) %
Parameter Symbol Min Typ Max Unit g
=
Input Low Voltage ViL 0 — 0.8 \") oD
»
Input High Voltage ViH 20 — 5.25 \Y
Power Supply Voltage Vce 5.0 5.0 5.25 \
Programming Pulse Current IPRG 190 200 210 mA
Sense Pulse Current Isns 19 20 21 mA
Programming Pulse Clamp Voltage VpRG 275 28.0 28.0 \
Sense Pulse Clamp Voltage VsNns 275 28.0 28.0
Sensed Voltage for a Programmed '1"’ VREF 6.9 7.0 71 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 us
Programming Pulse Ramp Rate (Rise) — 50 — 70 Vius
Programming Pulse Ramp Rate (Fall) — —_— _— 150 V/us
Address Input Set-up Time tsA 500 —_— — ns
Chip Enable Input Set-up Time tsc 500 — — ns
Address Input Hold Time tHA 500 J— — ns
Chip Enable Input Hold Time tHC 500 — — ns
Programming Pulse Trailing Edge to Sense Strobe Time tps 700 J— — ns
Programming Pulse Number — — — 100 Time
Programming Time/Device — — —_ 1024 ms
Additional Programming Pulse Number — 4 4 4 Time

* Note: Stipulated at 15082 load and 15V.

TYPICAL WAVEFORMS

Vee ’

Ao Vin
2
A7 ViL
_ Vin
CE

Vi

SENSE STROBE
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PROGRAMMING PROCEDURE

. Apply the proper power; Vcc =
5.0V, GND =0V

. Select the desired word using eight
address inputs.

. Take either (or both) chip enable
inputs high.

. Apply 20mA sense current to the
desired output after a delay of tgc,
and confirm that the output voitage
“Vo' is higher than, or equal to,
the sensed voltage “VRefr". (In the
case of Vg < VRgg, select the
next desired address after a delay
of tya.)

. Apply a programming pulse with
amplitude of 200mA and duration
of tpyy.

. Apply the 20mA sense current and
compare Vg with Vggg after a
delay of tpg.

a) In the case of Vg 2 VREgpf, the
selected bit is still in the logic
ZERO state. Repeat steps ‘5"
and “6"".

b) In the case of Vg < VREgE, the
selected bit is then in the logic
ONE state. Apply the sense cur-
rent again, and confirm Vg <
VREF after a delay of equal to
(or greater than) tpy without
intervening with programming
pulse. In the case of Vg =
VREF, repeat step “5” and ‘6"’
again.

. After confirmation of Vg < VRgg,

apply four additional programming

pulses. In the case of Vg 2 VRgF,

then, repeat steps ‘5" and ‘6",

again. Select the next desired word

after a delay of tya.

Note: 1) Sense  current must be

interrupted (= zero) during

each address change.

Programming must be done

bit by bit.

3) Ambient temperature during
programming must be room
temperature (25° + 2°C).

2

~

MB 7057
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Fig. 21 — PROGRAMMING FLOW CHART
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PACKAGE DIMENSIONS

16-LEAD CERAMIC

DUAL-IN-LINE PACKAGE

(CASE DIP16-A)

16 9| |
R .040 (1.0) REF
287 (7.2 .290 (7.37)
_239 27.583 .310 (7.87)
: i |
| 760 (19.30) | T 008 (0.20)
' 800 (20.32) ! .012 (0.30)

41 r.OSO (1.27) MAX
| [ 1

070 (1.78)]
088 (2.24)

421,071 4 F | ’
.062 (1.58)

’_L .160 (4.06) MAX

——
.020 (0.51) |.120 (3.05)
.043 (1.10) |.140 (3.56)

.90 (2.29) | 'J
.110(2.79)‘ti—J Ji -OB;gJF.an

- 78) REF
015 (0.38) "0 V7 8

.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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MB 7058

IR PROGRAMMABLE

FUJITSU 2048-BIT READ
ONLY MEMORY
[ETRRATATATIN

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-

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

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

to shipment. This results in extremely
high programmability.

® 512 words x 4 bits organization,
fully decoded

TTL circuits. ® High programmability of 99%
typical (98% minimum) CERAMIC PACKAGE
The memory is fabricated with all ® Programming by diffused aluminum

logic ““zeros” (positive logic). Logic
level “ones’’ can be electrically pro-
grammed in the selected bit locations
at the rate of 10 us/bit (typical).

eutectic process

® Ultra-fast programming time of
10 us/bit (typical)

® AC characteristics guaranteed over
full operating voltage and tempera-
ture range via unique testing [
techniques

® Fast access time of 40 ns typical

(60 ns maximum) at Tp = 25°C

DTL/TTL compatible inputs and
outputs

Additionial circuitry is built into the
Futjitsu PROM chip to allow factory
testing after packaging for AC, DC

® Active pull-up (3-state) on MB 7053
or resistor pull-up (open-collector)

ABSOLUTE MAXIMUM RATINGS (See Note) on MB 7058

° . Pyl . ape w
Rating Symbol Value Unit Chip enable (CE.) lead for simplified hd
memory expansion '8
Vg Pin Potential to Ground Pin Vee -0.5to +7.0 v ® Standard 16-pin DIP package n:
® Interchangeable with IM5604/ 2
Input Voltage ViIN -1.5to +5.5 \% 5624 ®
Output Voltage VouT . -05to+5.5 \ %
PIN ASSIGNMENT g
Output Voltage
— 7]
(during programming) VPRG 0.5 t0 +28.5 v
Input Current lIN -20 mA As l: 1 </ 16 :l Vee
Output Current louT +100 mA As E 2 15 :] Az
Output Current | +220 A As E 3 14 j As
(during programming) PRG m As E 4 13 :] CE
Temperature Under Bias Ta ~25to +125 °c 0 []s 12[] o,
Aq 6 1 0,
Storage Temperature Tstg -65 to +150 °c E j
Ay [7 10]] 03
Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS ano[ | 8 9 :‘ 04
are exceeded.
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GUARANTEED OPERATING RANGES

Parameter Symbol Min Typ Max Unit
Supply Voltage Vce 4.75 5.0 5.25 \%
Input Low Voltage ViL —_— —_ 0.8 \
Input High Voltage ViH 20 — —_— \Y)
Ambient Temperature Ta 0 — 75 °c

DC CHARACTERISTICS

(Full guaranteed operating ranges unless otherwise noted.)

Parameter Symbol Min Typ Max Unit
Input Leakage Current (Viq = 4.5V) IR1 —_ —_— 60 MA
Input Leakage Current (Vi = 5.5V) IR2 —_— — 1.0 mA
Input Load Current (Vi = 0.4V) Ig —_ —_ -1.0 mA
Output Low Voltage (igL = 16mA) VoL — — 0.45 \)
Output Leakage Current (Vg = 5.5V, chip disabled) loIH —_— — 40 MA
Output Leakage Current (Vo = 0.4V, chip disabled) loiL — —_ -40 MA
Input Clamp Voltage (I)n = —10mA) Vic —_ —_ -1.5 \Y
Power Supply Current (V iy = OPEN or GND) lcc — —_— 140 mA
Output Leakage Current (Vg = 5.5V, chip enabled) loLk” —_ —_ 100 MA
Output High Voltage (lg = —2.4mA) MB 7053 Vou* 2.4 — —
Output High Voltage (o = —0.4mA) MB 7058 VoH' 2.4 —_ — \%
Output Short Circuit Current (Vo = GND) MB 7053 | lps* -15 —_ —60 mA
Output Short Circuit Current (Vo = GND) MB 7058 los* -1.0 — -6.0 mA

*Note: Denotes guaranteed characteristics of the output high-level (ON) state when the chip is enabled (V|cE = 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; Vg = +5V; Vi = +2V; Ta = 25°C)

Parameter Symbol Min Typ Max Unit
Input Capacitance Cy — —_— 10 pF
Output Capacitance Co —_ — 12 pF

2.75



(R

FUJITSU

MB 7058 [T
Vee Fig. 1— AC TEST CONDITIONS
R
MB7053 MB7058
Cu Rz Rq Ra CL R4 Ry CL
taa 3009 | 6009 | 30pF | 3009 | 6009 | 30pF
= tpis 1 i 60092 | 10pF o 3.3KQ | 10pF
INPUT CONDITIONS tpis 0" 3002 | 60082 | 10pF | 300©2 | 6002 | 10pF
Amplitude .. ... ov tfo 3V tEN 1 o 60002 | 30pF o 3.3KQ | 30pF
Ri d Fall Ti 5ns from 1V to 2V .
Frequency. ..o 1i i1l 1 MHz tEN o~ 3002 | 6002 | 30pF | 3002 | 6002 | 30pF
AC CHARACTERISTICS
(Full guaranteed operating ranges unless otherwise noted.)
Parameter Symbol Min Typ Max Unit
Access Time (via address input) tan’® — (40) 70 (60) ns
Output Disable Time tpis™ — (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
ViH
ADDRESS INPUT 1.5V >K 1.5V
Vi
ViH
CHIP ENABLE INPUT \
Vi
taa— >E -~ %tAA v
s/ \ OH
OUTPUT 1.5V 1.5V
N VoL

CHIP ENABLE INPUT

OUTPUT

OUTPUT

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 AV of 0.5V from the

active output level.

2) taA,tpis‘1* and ten- 1 cannot be tested prior to programming, but are guaranteed by factory testing.
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Fig. 2 — MB 7053/7058 BLOCK DIAGRAM
Ag 0 B —
T —
— —
Aq O —
- — 2048 BITS
ADDRESS |—| 10F32 [
Ay O0— — (32 x 64)
INVERTERS — DECODER [—]
— MEMORY CELLS
Az O— ] g
Agq 0| N —
—
Ag O— Ess 16-INPUT [ 16-INPUT [] 16-INPUT [] 16-INPUT
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OUTPUT CIRCUIT INFORMATION

THREE-STATE OUTPUT

A “three-state’’ output is a logic Fig. 5 — MB 7053 OUTPUT

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.

16-INPUT 1.6K 0.1K
MULTIPLEXER

In the case where two devices are on *
at the same time, the possibility exists 2 g
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.

OUTPUT

OPEN-COLLECTOR OUTPUT

Fig. 6 — MB 7058 OUTPUT
The open-collector output is often

utilized in high speed applications g
where power dissipation must be mini- 8
mized. When the device is switched, 1)
there is no current sourced from the -
supply rail. Consequently, the current =
spike normally associated with TTL g
totem-pole outputs is eliminated. In Vee °
high frequency applications, this mini- 1.6K -
mizes noise problems (false triggering) 16-INPUT 6.0K ! 8

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 . OuUTPUT
(3-state) compared to typically 3.0mA
for the MB 7058 (open-collector).

MULTIPLEXER

2.5'( 1.0K
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TYPICAL OUTPUT/SWITCHING CHARACTERISTICS CURVES

Fig. 7 — 1oL OUTPUT LOW CURRENT Fig. 8 — loL OUTPUT LOW CURRENT
Vs VoL OUTPUT LOW VOLTAGE VS VoL OUTPUT LOW VOLTAGE
70 70
< _ < = 5.0V
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[e]
2,4 ° /
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tpis, DISABLE TIME (ns)

MB 7058  ilIATIHNI
Fig. 13 — tp;s DISABLE TIME Fig. 14 — tpis DISABLE TIME
VS AMBIENT TEMPERATURE 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
10us/bit is achieved with a fine emitter
cell which requires less programming
energy; thus, negligibie 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

Epitaxial Layer

— Buried Layer —

Substrate

V7] Programmed by diffused aluminum eutectic process

Fig. 20 — INTERNAL PROGRAMMING CIRCUIT
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Ag \/
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mi
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A logic ““one” can be permanently VERIFICATION
programmed into a selected bit loca-
tion. The desired bit for programming After the device has been program-
is selected using eight address inputs to med, the correct program pattern can
turn on transistors Q1 and Q2. By be verified by taking both chip enable
taking either (or both) chip enable inputs low. To guarantee full supply
inputs high, the chip is disabled and voitage and full temperature range
transistor Q3 is held off. Then, a train operation, a programmed device
of programming pulses applied to the should source 2.4mA/MB7053 (400uA
desired output flows through the junc- /MB7058) at Vou=2.1V and Vcc=
tion into transistor Q1. This program- 4.35V at 25°C ambient temperature.
ming current changes the junction to
the conducting state. The pulse train is LIABILITY
stopped as soon as the sensed voltage
indicates that the selected bit is in the Fujitsu utilizes an extensive testing
logic one state. procedure to ensure device perform-
ance prior to shipment. However,
An additional 4 programming pulses 100% progr.am_mability is not guaran-
are required to ensure that the bit is teed: ,a"q It Is imperative that this
fully programmed, and to achieve high specification be rigorously adhered to
reliability. in order to achieve a satisfactory pro-
gramming vyield. Fujitsu will not
One output must be programmed at a accept responsibility for any device
time, since the internal decording found defective if it was not program-
circuit is capable of sinking only one med. according to this "specmcatlon.
unit of programming current at a time. 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.
DC SPECIFICATIONS (Ta = 25°C)
Parameter Symbol Min Typ Max Unit
Input Low Voltage ViL 0 _— 0.8 \
Input High Voltage 7 2.0 —_— 5.25 \
Power Supply Voltage Vce 5.0 5.0 5.25 \%
Programming Pulse Current IPRG 190 200 210 mA
Sense Pulse Current Isns 19 20 21 mA
Programming Pulse Clamp Voltage VpRG 275 28.0 28.0
Sense Pulse Clamp Voltage VsNs 27.5 28.0 28.0 \
Sensed Voltage for a Programmed */1" VREE 6.9 7.0 71

2.82
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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 Ms
Programming Pulse Ramp Rate (Rise) — 50 — 70 Vius
Programming Pulse Ramp Rate (Fall) —_ — —— 150 V/us
Address Input Set-up Time tsA 500 — —_— ns
Chip Enable Input Set-up Time tsc 500 f— J— ns
Address Input Hold Time tHA 500 — —_ ns
Chip Enable Input Hold Time tHe 500 — — ns
Programming Pulse Trailing Edge to Sense Strobe Time tps 700 J— —_ ns
Programming Pulse Number — — — 100 Time
Programming Time/Device — — —— 2048 ms
Additional Programming Pulse Number o 4 4 4 Time

* Note: Stipulated at 150%2 load and 15V.

TYPICAL WAVEFORMS
Vee _j
P;o ViH
AB V||_
_ ViH
CE y -
I

isc tPw tHaA
PROGRAMMING PULSE -——

SENSEPULSE =~ -—————~
VREF —

SENSE STROBE 1l [l . i

or
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Note: 1) Sense

PROGRAMMING PROCEDURE

. Apply the proper power; Vgg =
5.0V, GND =0V

. Select the desired word using nine
address inputs.

. Take either (or both) chip enable
inputs high.

. Apply 20mA sense current to the
desired output after a delay of tgc,
and confirm that the output voltage
“Vo" is higher than, or equal to,
the sensed voltage “VRefr". (In the
case of Vo < VREgf, select the
next desired address after a delay
of tya.)

. Apply a programming pulse with
amplitude of 200mA and duration
of tpyy.

. Apply the 20mA sense current and
compare Vg with Vgepg after a
delay of tpg.

a) In the case of Vg 2 VRgF, the
selected bit is still in the logic
ZERO state. Repeat steps ‘5"
and 6",

b) In the case of Vg < VREgF, the
selected bit is then in the logic
ONE state. Apply the sense cur-
rent again, and confirm Vg <
VREeF after a delay of equal to
(or greater than) tpy without
intervening with programming
pulse. In the case of Vg 2
VREF, repeat step /5" and ‘6"
again.

. After confirmation of Vo < VREgf,
apply four additional programming
pulses. In the case of Vo 2 VREeF,
then, repeat steps ‘5’ and ‘6",
again. Select the next desired word
after a delay of tya.

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).

MB 7058

AN

FUJITSU

[

Fig. 21 — PROGRAMMING FLOW CHART
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PACKAGE DIMENSIONS

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

.290 (7.37)
.310 (7.87)

[

Ml 1 l:l
16
R .025 (0.64) REF
.244 (6.20) .325 (8.26)
281 (7.14) MAX
1 8
S N R U I [ O O () S
.754 (19.15)
.787 (20.0)

—~| |~.050 (1.27) MAX

140 (3.50)| [T rl
172 (4.37) .200 (5.08) MAX
4L I
!
.120 (3.05)
1080 (127) | 140 (356)
.090 (2.29)_|
110 (2.79) =~ —~ — .032 (0.81) TYP
.700 (17. 78)»’

042 (1 06) .015 (0. 38)
.062 (1 58) .023 (0.58)

T.OOB (0.20)
.014 (0.36)

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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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 us/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.

® 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 us/bit (typical)

® AC characteristics guaranteed
over full operating voltage and
temperature range via unique
testing techniques

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
V¢ Pin Potential to Ground Pin Vee -05t0+ 7.0 \Y
Input Voltage VIN -16to+ 55 v
Output Voltage VouT -0.5to+ 55 \
Output Voltage (during programming)| VpRrg -0.5 to +28.5 \
Input Current N - 20 mA
Output Current louTt +100 mA
Output Current (during programming)|  IpRg +220 mA
Temperature Under Bias Ta -25 to +125 °C
Storage Temperature Tstg -55 to +150 °c

Note:
RATINGS are exceeded.

Permanent device damage may occur if ABSOLUTE MAXIMUM

286
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MB 7059
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CASE DIP18-C
CERAMIC PACKAGE

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
As [ 1 N ] Vee
As [ 2 17 ] A
As []3 16 ;} Ag
Az []a 15[ ] Ag
Ao []5 4[] o
Aq [: 6 13[] 0,
A []7 12[] 03
cE, [ 8 11 [] 04
aND[ | 9 10[] cE,

®
g
-]
=
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GUARANTEED OPERATING RANGES

Parameter Symbol Min Typ Max Unit
Supply Voltage Vce 4.75 5.0 5.25 \)
Input Low Voltage ViL —_— — 0.8 \"
input High Voltage Vin 2.0 — — v
Ambient Temperature Ta 0 — 75 °c

DC CHARACTERISTICS

(Full guaranteed operating ranges unless otherwise noted.)

Parameter Symbol Min Typ Max Unit
Input Leakage Current (Vi = 4.5V) IR1 —_ —_— 60 MA
Input Leakage Current (V| = 5.5V) Ir2 — —_ 1.0 mA
Input Load Current (VL = 0.4V) IE _ — -0.5 mA
Output Low Voltage (loL = 16mA) VoL — —_ 0.45 \"
Output Leakage Current (Vg = 5.5V, chip disabled) loH — — 40 uA
Output Leakage Current (Vo = 0.4V, chip disabled) loiL —_— — -40 MA
Input Clamp Voltage (Ijn = —10mA) Vic — —_ -1.6 \Y
Power Supply Current (VN = OPEN or GND) lcc — —_ 130 mA
Output Leakage Current (Vo = 5.5V, chip enabled) loLk® — — 100 HA
Output High Voltage (o = —2.4mA) MB 7054 Vou* 2.4 —_ —_ \Y
Output High Voltage (o = —0.4mA) MB 7059 VoH' 24 — — v
Output _Short Circuit Current (Vo = GND) MB 7054 los* -15 — -60 mA
Qutput Short Circuit Current (Vo = GND) MB 7059 los* -1.0 —_ -6.0 mA

*Note: Denotes guaranteed characteristics of the output high-level (ON) state when the chip is enabled (V|CE = 0.4V) and the
programmed bit is addressed. These characteristics cannot be tested prior to programming, but are guaranteed by
factory testing.

CAPACITANCE = 1MHz; Ve = +5V; Vy = +2V; Ta = 25°C)

Parameter Symbol Min Typ Max Unit
Input Capacitance Cy —_ —_— 10 pF
Output Capacitance Co — —_ 12 pF
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Vee Fig. 1— AC TEST CONDITIONS
Rq
MB7054 MB7059 ]
G Rz Rq Ro CpL R4 Ra CL
taAA 3000 | 60092 | 30pF | 3009 | 6002 | 30pF
= tpig 1" o 6002 | 10pF o0 33K | 10pF
INPUT CONDITIONS tpIs 0" 3000 | 6009 | 10pF | 3000 | 60082 | 10pF
Amplitude . ........ .. OVtwo3V tEN 17" o 60082 | 30pF o 33K | 30pF
Rlwand Pl i 1111110101 smfam V102V [~ c\ o000 | soon | 30pr | 300 | ooom | smor
AC CHARACTERISTICS
(Full guaranteed operating ranges unless otherwise noted.)
Parameter Symbol Min Typ Max Unit
Access Time (via address input) tan® — (45) 70 ns
Output Disable Time tpis™ — (16) 40 ns
QOutput Enable Time ten™ — (22) 40 ns

*Note: Values in parenthesis denote conditions at Ta = 25°C.

OPERATION TIMING DIAGRAM

Vi
ADDRESS INPUT 1.5V 1.5V v o)
IR ‘8
ViH 5
CHIP ENABLE INPUT =
Vi
taa -—-’ e taa g
Ve \ Vow
OuUTPUT 1.5V 1.5V
\ - Voo

»

)
3
<]
3
®
»

CHIP ENABLE INPUT

OUTPUT

OUTPUT

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. Qutput 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 AV of 0.5V from the

active output level.
2) taA.tpis‘:1' and ten#q1'r cannot be tested prior to programming, but are guaranteed by factory testing.
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Fig. 2 — MB 7054/7059 BLOCK DIAGRAM
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< T T = T o7
£ Ta=25°C E Ta=25°C
5 0 w o] |
g < Vee =|4.5v
2
o [3)
3 £ /’i “vccl =50V
= —05 g —05 Vce =55V
2 z
Q. =
z w
3 g
w
c —1.0 Z -1.0
a w
a MB 7054/59 e MB 7054/59
< I
: | :
Z-15 9-15
-1 0 1 2 = 0 1 2
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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.

Fig. 5 — MB 7054 OUTPUT

16-INPUT 1.6K 0.1K
MULTIPLEXER

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 Vee
high frequency applications, this mini-
mizes noise problems (false triggering) 16-INPUT 6.0K
as well a§ power drain. Fonj example, MULTIPLEXER
the transient current (low impedance
high-level to low impedance low-level)
is typically 30mA for the MB 7054
(3-state) compared to typically 3.0mA
for the MB 7059 (open-collector).

Fig. 6 — MB 7059 OUTPUT

©
g
B
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TYPICAL OUTPUT/SWITCHING CHARACTERISTICS CURVES

Fig. 7 — loL OUTPUT LOW CURRENT Fig. 8 — loL. OUTPUT LOW CURRENT
VS VoL OUTPUT LOW VOLTAGE VS Vo OUTPUT LOW VOLTAGE
70 70
_ ] _
< - < _
T | Vec=s0v < | Vec=5.0V
el I PSP = Oracosc
£ so o g so
1 o«
19
3 40 / 5 40 /
/ o 4
g z /
3 30 9 30
5 = /
g 20 g 20 /
2 =) /
3 10 MB 7054 3 10 MB 7059
. )
0 0 // L 0 /
0 200 400 600 0 200 400 600
VoL, OUTPUT LOW VOLTAGE (mV) Vor, OUTPUT LOW CURRENT (mV)
Fig. 9 — loy OUTPUT HIGH CURRENT Fig. 10 — loy OUTPUT HIGH CURRENT
VS VoH OUTPUT HIGH VOLTAGE VS Vox OUTPUT HIGH VOLTAGE
~ I - ]
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= 4 e VS e
e e = e
é—m /:( w1 =
5 20 // Vec =45V 3, e Vec =45V
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B I
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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
10us/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

AN | l Si02__ . . .

I % <l—————-——-—Emitter
1

Base

Epitaxial Layer

et Buried Layer e

Substrate

Y7/} Programmed by diffused aluminum eutectic process

A

A9§> 102

Fig. 20 — INTERNAL PROGRAMMING CIRCUIT
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A logic ‘““one’ can be permanently VERIFICATION
programmed into a selected bit loca-
tion. The desired bit for programming After the device has been program-
is selected using eight address inputs to med, the correct program pattern can
turn on transistors Q1 and Q2. By be verified by taking both chip enable
taking either (or both) chip enable inputs low. To guarantee full supply
inputs high, the chip is disabled and voltage and full temperature range
transistor Q3 is held off. Then, a train operation, a programmed device
of programming pulses applied to the should source 2.4mA/MB7054 (400uA
desired output flows through the junc- /MB7059) at Vou=2.1V and Vcc=
tion into transistor Q1. This program- 4.35V at 25°C ambient temperature.
ming current changes the junction to
the conducting state. The pulse train is LIABILITY
stopped as soon as the sensed voltage
indicates that the selected bit is in the Fujitsu utilizes an extensive testing
logic one state. procedure to ensure device perform-
ance prior to shipment. However,
An additional 4 programming pulses 100% progr‘am.mavbility i? not guaran-
are required to ensure that the bit is teedt _aﬂf? it is imperative that this
fully programmed, and to achieve high specification be rigorously adhered to
reliability. in order to achieve a satisfactory pro-
gramming yield. Fujitsu will not
One output must be programmed at a accept responsibility for any device
time, since the internal decording found defective if it was not program-
circuit is capable of sinking only one med. according to thls“specnflcatlon.
unit of programming current at a time. 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.
®
)
-
DC SPECIFICATIONS (Ta =25°C) S
(1]
Parameter Symbol Min Typ Max Unit 3
]
Input Low Voltage ViL 0 — 0.8 \% %
o
Input High Voltage Viy 20 — 5.25 \%
Power Supply Voltage Vce 5.0 5.0 5.25 \Y)
Programming Pulse Current IPRG 190 200 210 mA
Sense Pulse Current Isns 19 20 21 mA
Programming Pulse Clamp Voltage VpRG 27.5 28.0 28.0
Sense Pulse Clamp Voltage VsNs 275 28.0 28.0
Sensed Voltage for a Programmed ‘1"’ VREF 6.9 7.0 71
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PROGRAMMING INFORMATION (continued)

AC SPECIFICATIONS (T4 = 25°C)

Parameter Symbol Min Typ Max Unit
Programming Pulse Duty Cycle —_ 70 —_ — %
Programming Pulse Width tpw 7.2 7.5 7.8 Ms
Programming Pulse Ramp Rate (Rise) — 50 — 70 V/us
Programming Pulse Ramp Rate (Fall) —_ —_— —_ 150 V/us
Address Input Set-up Time tSA 500 — —_ ns
Chip Enable Input Set-up Time tsc 500 —_— — ns
Address Input Hold Time tHA 500 J— J— ns
Chip Enable Input Hold Time tHe 500 — — ns
Programming Pulse Trailing Edge to Sense Strobe Time tps 700 — —_ ns
Programming Pulse Number — — — 100 Time
Programming Time/Device — -— — 4096 ms
Additional Programming Pulse Number — 4 4 4 Time

* Note: Stipulated at 15082 load and 15V.

TYPICAL WAVEFORMS
Vee /
Ao ViH
i
A9 V||__
_ Vin
CE

SENSE STROBE
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PROGRAMMING PROCEDURE

1. Apply the proper power; Vcc =
5.0V, GND =0V

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 tg¢,
and confirm that the output voltage
“Vo'' is higher than, or equal to,
the sensed voltage “VReF". (In the
case of Vo < VRgg, select the
next desired address after a delay
of tya.)

5. Apply a programming pulse with
amplitude of 200mA and duration
of tpyy.

6. Apply the 20mA sense current and
compare Vg with Vggg after a
delay of tpg.

a) In the case of Vo 2 VREgE, the
selected bit is still in the logic
ZERO state. Repeat steps ‘5"
and “6".

In the case of Vo< VREgp, the

selected bit is then in the logic

ONE state. Apply the sense cur-

rent again, and confirm Vg <

VREeF after a delay of equal to

(or greater than) tpy without

intervening with programming

pulse. In the case of Vg 2

VREF, repeat step “5” and ‘6"’

again.

7. After confirmation of Vo < VREE,
apply four additional programming
pulses. In the case of Vg 2 VReF,
then, repeat steps ‘5’ and “6",
again. Select the next desired word
after a delay of tyy 5.

b

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).

[
MB 7054 FruJITSU

MB 7059 MR

Fig. 21 — PROGRAMMING FLOW CHART
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PACKAGE DIMENSIONS

18-LEAD CERAMIC DUAL-IN-LINE PACKAGE
(CASE DIP18-C)

) s BN s Y s S o Y s N s OO o S e S o | (=2

R .025 (0.64) REF
w .264 (6.71) .325 (8.26) .290 (7.37)
302 (7.67) MAX .310(7.87)

| SN [y SNSRI B SRR M SRS R SR S NS R SUNA [y SHUS gy S

.882 (22.40) - .008 (0.20
911 (23.14) 81481 :0.36;

—»‘ !-— 050 (1.27) TYP

140 (3.56) ' : ?
172437 [ ] ‘ .200 (5.08) MAX

!
1120 (3.05)
.020 (0.51)
050 (1.27) |-140(356)

_,l | 015 (0.38)
. .023 (0.58)

gg% E:gg 032081 TYP Dimensions in

inches (millimeters)

.090 (2.29)
.110(2.79)

.800 (20.32) REF

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

ORY

8192-BIT READ ONLY MEMORY

The Fujitsu MB7055 is an electrically
field programmable, high-speed/low-
power bipolar TTL 8192-bit read only
memory housed in a 24-pin dual-in-line
package. Itisa direct plug-in replace-
ment for MOS 8K bit EPROMs. With
two chip enable inputs and 3-state
outputs, memory expansion is simple.

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 us/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 pro-
grammability.

® +5V single power supply

® 1024 x 8 bits organization, fully
decoded

® High programmability of 96%
typical

® Programming by diffused aluminum
eutectic process

® Ultra-fast programming time of
10 us/bit (typical)

® AC characteristics guaranteed over
full operating voltage and tempera-
ture range via unique testing
techniques

® Fast access time of 150 ns typical

® Small power dissipation of 0.04
mW/bit typical

® DTL/TTL compatible inputs and
output

® Standard 24-pin DIP package

® Pin-to-pin compatible with MB8518
and Intel 2708

PROGRAMMING

The MB7055 can be programmed
using same specification as used for
the MB7052/1M5623, MB7057/
IM5603, MB7053/IM5624, MB7058/
IM5604, MB7054 and MB7059.

2.98
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PIN ASSIGNMENT
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BLOCK DIAGRAM
Ag ——]
|
Aq I
Ay e INPUT l
2 suFFersa| | 8192(64 x128)

Ag 10F 64 | BIT MEMORY CELLS

— | DECODER I
Ay — ‘
g — | n
JP—
Az

INPUT
Ag | BUFFERS 8 x 16 INPUT MULTIPLEXERS
Ag
[pl—
_ ENABLE 8 OUTPUTS
CE,
08 07 06 05 04 03 02 01

ELECTRICAL CHARACTERISTICS

COMMERCIAL GRADE
Ta=0°Cto +75°C, Vg = 5V + 5%

L =-0.18 mA max.: V| = 0.4V VoL = 0.45V max.: Ig = 3.6 mA los = -3 mA min.: 15 mA max.
Il = 60 #A max.: V| = 4.5V VoH = 2.4V min.: Ig=-1.0 mA Cin = 10 pF max.: CoyT = 12 pF
ViH = 2V min.: V= 0.8V max. lIoiH = 40 uA max.: Vg = 5.5V max.
Vic=-1.6V max.: I} =-10 mA loiL = -40 uA max.: Vg = 0.4V taa = 150 ns typ.: 250 ns max.
lcc = 70 mA typ.: 100 mA max. loLk = 100 A max.: Vg = 5.5V tac = 60 ns typ.: 150 ns max.

299



[RREALENIIT Interface

FUJITSU Devices

TR







I QUADRUPLE TTL MB 8901

TO MOS LEVEL
FUJITSU SHIFTER/DRIVER
IRHNRTATI

QUADRUPLE TTL TO MOS LEVEL SHIFTER/DRIVER

The MB 8901 is a level shifter from ® High speed: 23 ns (tp| 4 @ 300 pF)
TTL/DTL level input to MOS level ® Wide operating range of V¢co:
output, and also a high-speed clock variable output voltage (+9V to
driver. Using Schottky barrier diodes +17V)

and PNP transistors in the circuit, the
power dissipation is remarkably
reduced without degradation of
switching speed.

® Low power dissipation PIN ASSIGNMENT
50 mW for output low state
70 mW for output high state

(stand by power per circuit) v v
ccz |1 cc1
® TTL or DTL compatible inputs E
® Standard 16-leads dual-in-line X1 IZ Xa
ceramic package A E A4
B1 E Bg
ABSOLUTE MAXIMUM RATINGS (See Note) B2 E B3
A2 |6] A
Rating Symbol Value Unit [: 3
X2 E X3
Supply Voltage™® \% + 7 \Y
upply Voltage cc1 o [3] e
Supply Voltage® Veez +23 Y
TOP VIEW)
Input Voltage™ VIN -0.5t0 5.5 \Y (
Operating Free-Air Temperature Top -25 to +100 °c
Storage Temperature Tstg -65 to +150 °c

*These voltage values are with respect to GND lead.

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM
RATINGS are exceeded.

2
®
=Y
o
Q
®
O

SIIIAD
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RECOMMENDED OPERATING CONDITION

Rating Symbol Value Unit
Supply Voltage Veer 5.0+ 5% \%
Supply Voltage Vee2 9.0to 17 \
Operating Free-Air Temperature Top 0to +70 °c
DC CHARACTERISTICS
(Ta= 0°C ~ 70°C unless otherwise noted)
Parameter Symbol Conditions Min. Typ. Max. Unit
Input High Voltage ViH 2.0 \Y
Input Low Voltage ViL 0.8 \Y
Output High Voltage VoH IO:-:-L:—(()).,?Vm A \/_%(.:52 \/_%(.:32 \
ViH =2.0V
Output Low Voltage VoL xgg; : 11;67% 0.35 0.6 \%
louT =0.1 mA
ViL=0.4V
Input Low Current (Input A) IL(A) Vet = 5.25V -1.0 -1.6 mA
Vceo = 16.8V
Input Low Current (Input B) 1L(B) same as above -2.0 -3.2 mA
Input High Current (Input A) Lin(A) Vi =24V 40 uA
Input High Current (Input B) I (B) ViH = 2.4V 80 HA
Operating Supply Voltage of Voo Veeo 9.0 17 \%
Veet = 6.25V
lcciL V|<|3|32= ‘5'1265;3\/ 40 60 mA
Supply Current (Output Low) (*1) Tp=25C
lccoL same as above 0.2 0.5 mA
Vget = 5.25V
lecim VCVCI2L== o 26 40 mA
Supply Current (Output High) (*2) Tp=25°C
lccoH same as above 10 16 mA

(*1) The typical values are applicable for Vgt =5.0V, Vg = 16.0V, Ta = 25°C.
(*2) These values are total current for a package.
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AC CHARACTERISTICS
(Ta =25°C)
Parameter Symbol Conditions Min. Typ. Max. Unit

Vet = 5.0V
Input to Output Delay tpLH Veeo = 16.0V 10 18 23 ns

Cy =300 pF
Input to Output Delay tPHL same as above 7 14 20 ns

Vceq = 5.0V
Output Rise Time tTLH Vo= 16.0V 12 21 30 ns

Cy =300 pF
Output Fall Time tTHL same as above 12 22 30 ns
tPHL * tTHL tDHL same as above 20 36 45 ns
tPLH Y tTLH tDLH same as above 25 40 50 ns
WAVEFORMS

3.0V ty=7ns tf=7ns
10% 10%
1.5V 15v
90% ov 90%
300 ns
Veez
[ Veez — 2.0V X Veez — 2.0V
tPHL
tPLH
2.0V 4 R_2ov
GND
tTLH THL

POWER CONSIDERATION

The total power dissipation of the MB 8901 s given as

PT=n(Pcct +Poca) + CLVECof + (4 - niPgT

35

(1)

2
(]
=S
)
C
o

SI9IIAD



A
FUJITSU

WKW mB 8901

where,
n = The number of circuits operating at frequency f,
PsT = DC power dissipation per circuit,
CLVCC2f = The power required for charging and discharging load capacitance,
f = The frequency of switching,
C = The total load capacitance.

Pcc1 and Pogg are expressed as below,
Pcc1 =0PsTH1 + (1 -8)PsTLg + Kq(f)
Pce2 =0PgTH2 + (1 - 0)PgTL 2 + Kolf)
where,
Pcct = The power supplied from Vcq when the circuit is operating with no load capacitance,
Pcc2 = The power supplied from Voo when the circuit is operating with no load capacitance,
PsTH1 = The DC component of Pogq when output is High,
PgT1.1 = The DC component of Pocq when output is Low,
PsTH2 = The DC component of Poco when output is High,
PgT1 2 = The DC component of Poco when output is Low,
0 = Duty ratio,
K1(f) = The AC component of Py,
Ko(f) = The AC component of Paco.

Assuming that

PSTH =PsTH1 * PSTH2

PsTL=PsTL1 +PsTL2

where,

PgTH = The DC power dissipation when output is High,
PgtL = The DC power dissipation when output is Low.

Then, substitution of Egs. (2), (3), (4), (5) into Eq. (1) yields,
P =nl0 Pgrp + (1 - 0)PgTL + Kq(f) + Kolf)] +C Vs £+ (4 - n)PgT
On the other hand, each component of DC power per circuit can be obtained as follows.
PsTL1 = {lcc1L/4) Veer
PsTL2=(lccaL/4) Veeo
PsTH1 = (lcc1n/4) Veer

PsTH2 = {lccan/4) Veea

The typical and maximum values of Icc1L. !cc2L: lcc1H and IgcaH are shown in the specification table.

For example, we calculate each value of Egs. (1) to (10) in the case of duty ratio 6= 50%.

3-6
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(3)

(4)

(5)

(68)
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Items Typ. Max. Items Typ. Max.
veer 5.0V 5.25V Veeo 16.0V 16.8V
Icc1L/PKG 40 mA 60 mA IccaL/PKG 0.2mA 0.5 mA
lcc1H/PKG 26 mA 40 mA lccoH/PKG 10 mA 16 mA
PSTL1/CCT 50 mW 78.8 mW PSTLZ/CCT 0.8 mW 2.1 mwW
PsTH1/CCT 325mwW 52.5 mW PSTH2/CCT 40 mW 67.2mW
PgTL/CCT 50.8 mW 80.9 mW PgTH/CCT 726 mW 119.7 mW
Pcc/CCT 412+K() mW | 65.6+Kq()mW | Pgco/CCT 204+ Ky(f) mW | 34.6 + Ky(fl mW

Total Power Dissipation
Typ. PT =nl[41.2 + K1(f) +20.4 + K2(f)] + CLV%(;zf +(4 - n)PST
Max. PT =n[65.6 + Kq(f) +34.6 + Ko(f)] +C| VAo,f + (4 - n)PgT

We should estimate P in the case of PgT = PgT_ and in the case of PgT = PgTH.

The Eq. of P can be reduced as shown in the table below, assuming K4(f) = 0 because Pccq hardly depends on the
frequency.

Items PsT Total Power Dissipation

Typ. P1=n[61.6 + Ko(f)] + C_(16)2f + 50.8(4 - n)
PsTL

Max. P =n[100.2 + Ko(f)] +C| (16.8)2f + 80.9(4 - n)

Typ. Pr=n[61.6+Ko(f)] +Cy(16)2f + 72.5(4 - n)
ISTH

Max. P1=n[100.2 + Ko(f)] +C| (16.8)2f + 119.7(4 - n)

The values of the Ko(f) can be calculated by substracting PgTo[= 1/2(PgTH2 + PgT1 2)] from Pcga 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 . . ... .ottt ittt e et et et e e Max. 600 mW

=3
Total Load Capacitance/PKG . . .. ...t ittt ittt it ettt e ettt e e Max. 1000 pF g
Load Capacitance/ClT . . . ittt et ittt et e e e e et Max. 600 pF §
The maximum total load capacitance of MB 8901 (which contains four circuits in a package) can be derived by (w )

substituting these limits to the Eqs. of P (corresponding to each frequency of switching). The result of the calculation
in the case of n = 4 is shown in Fig. 2.

SODIAD

Besides, we can obtain the maximum total load capacitance of any duty ratio by applying [0PgTH + (1 - 0)PgT|]
for PgT.
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NO LOAD POWER DISSIPATION,
Pcc1/PccT. Pecc2/ceT (mw)
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Fig. 1—Pcc1 AND Pccz VS.
FREQUENCY OF SWITCHING

DUTY RATIO 50%
N
|
2 AR
QO(' &
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—Pcc1 (MAX.) {3
—Pcc1 (TYP
|
100K 500K 1M 5M 10M

FREQUENCY OF SWITCHING (Hz)

LOAD CAPACITANCE (pF)/PACKAGE

Fig. 2-THE MAXIMUM LOAD

CAPACITANCE VS. FREQUENCY
THE MAXIMUM LOAD CAPACITANCE PER ONE PACKAGE

1000 TTTTT —1
WORST CASE
200 o cc1=5.25V; Vo = 16.8V
800 i lcc1L=60mA; IccaL = 0.5 mA
IcciH =40 mA; IccaH = 16 mA
700 Y T T 1
600 THE MAXIMUM LOAD CAPACITANCE PER ONE CIRCUIT
\—_’LH,I.H—TYPICAL CASE
500 Vce1 =5.0V; Veez = 16.0V
400 Icc1L=40mA; iccaL =0.2mA
(lccm =26 mA; IcczH = 10 mA
300 \
200 ‘
100
o A
0.1M 0.5M 1M 5M 10M

3-8

FREQUENCY OF SWITCHING (Hz)



(KIS, (QUADRUPLE TTL MB 8902

L SHIFTER/DRIVER
(I )

((AND.function))

QUADRUPLE TTL TO MOS LEVEL SHIFTER/DRIVER
(AND FUNCTION)

The MB8902 is a level shifter from ® Wide operating range of Vgco: PIN ASSIGNMENT
TTL/DTL level input to MOS level Variable output voltage {9V
zutput,uar.\d alssc:1 a h:?h t:pee.d C(ch')c: to 17V} Veez |1 —/ 16] Vce
river. Using Schottky barrier diodes o L wer dissipation:
and PNP transistors in the circuit, the ow power dissipation X1 E El X4
power dissipation is remarkably 40 mW for output low state
reduced without degradation of ?g m‘g ;or °”tp”/t high st%te A1 [3] Aq
switching speed. tand by power/circuit,
VCC2 =12V) B1 E 13] B4
® High speed: 23 ns max. {tpy ¢4 ® TTL or DTL compatible inputs B2 E [ ) 12| B3
@ 300 pF) ® Standard ceramic 16-leads dual-in- Az E E A3
line package
x2[[H 'Y HE *e
GND
ABSOLUTE MAXIMUM RATINGS 0 9] ne.
TOP VIEW
Rating Symbol Value Unit
Supply Voltage (*1) Veet 7 v
Supply Voltage (*1) Veez 23 v
Input Voltage (*1) \] -0.5to0 +5.5 v
Operating Free-Air Temperature Range Top -25 to +100 °c
Storage Temperature Range Tstg -65 to +150 °c

(*1) These voltage values are with respect to GND lead.

3
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RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Value Unit
Supply Voltage Veet 5.0 £ 5% \Y
Supply Voltage Vee2 9.0to 17 \'
Operating Free-Air Temperature Range Top 0to +70 °c
DC CHARACTERISTICS
(Ta=0°C~70°C)
Parameter Symbol Conditions Min. Typ. Max. Unit
Input High Voltage VIH 2.0 \'
Input Low Voltage ViL 0.8 \
. ViH =20V Veez Vee2
Output High Voltage VoH louT = <0.1 mA 08 0.3 Y
ViL=0.8V
Veet = 4.75V
Output Low Voltage VoL Voog = 12,6V 0.35 0.6 \
loyT=0.1mA
ViL=0.4V
Input Low Current (Input A) i (A) Veet =5.25V -1.0 -1.6 mA
VCCZ =12.6V
Input Low Current (Input B) IiL(8) Same as above -2.0 -3.2 mA
Input High Current (Input A) iy (A) ViH = 24V 40 HA
Input High Current (Input B) iy (B) ViH =24V 80 HA
Operating Supply Voltage of Voo Vee2 9.0 17 \)
Vet =5.25V
lceiL Veez =126V 30 50 | mA
Supply Current (Output Low)(*1) ViL= OOV
Tao=25C
lccaL Same as above 0.2 0.5 mA
Veet =5.25V
lccH vvc,;azj;zz.;/v 16 30 | mA
. * = 9.
Supply Current (Output High)(*1) Ta= 25°C
lcc2H Same as above 10 16 mA

(*1) The typical values are applicable for Veg1=5.0V, Vgea = 12.0V, Ta = 25°C.

(*2) These values are total current for a package.
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AC CHARACTERISTICS
(Tp=25°C)
Parameter Symbol Conditions Min. Typ. Max. Unit
Veet = 5.0V
Input to Output Delay tpLH Veez = 12.0V 7 16 23 ns
Cp =300 pF
Input to Output Delay tPHL Same as above 7 15 20 ns
Veet = 5.0V
Output Rise Time tTLH Veeo = 12.0V 7 15 25 ns
C =300 pF
Output Fall Time tTHL Same as above 7 16 25 ns
tPLH T tTLH tpLH Same as above 20 31 45 ns
tpHL +tTHL tDHL Same as above 15 31 40 ns
WAVEFORMS
ty=7ns tf=7ns
3.0v
90% 90%
1.5V 1.5v
ov 10% 7 K 10%
100ns
Veez
Veez20V [ \ Veez-2.0V §
3
tPLH tPHL §
20V 4 N 20V g
s
GND 8
tTLH tTHL »




(T
FUJITSU

UMK - mB 89 02

POWER CONSIDERATION

The total power dissipation of the MB 8902 is given as
Pr=n(Pcct +Peca) + € VEcaf + (4 - nPsT

where,

n: The number of circuits operating at frequency f.

PgT: DC power dissipation per circuit.

CLV%C2f: The power required for charging and discharging load capacitance.

f: The frequency of switching.

C: The total load capacitance.
Pcc1 and Poeo are expressed as below,
Pcct1=0PsTH *+ (1-0)PgT 1 + Ky (f)

Pcca=0PsTH2 * (1 - 0)PgT 2 + K)lf)

Pccq: The power supplied from Vgq when the circuit is operating with no load capacitance.
Pcea: The power supplied from Vg when the circuit is operating with no load capacitance.

PgTH1: The DC component of Poc 1 when output is High.
PgT(_1: The DC component of Pogq1 when output is Low.
PgTH2: The DC component of Poco when output is High.
PgT12: The DC component of Pcgo when output is Low.
6: Duty ratio.
K1(f): The AC component of Pgcq.
Ko(f): The AC component of Poco.

Assuming that

PSTH = PsTH1 + PSTH2

PsTL=PsTL1 +PsTL2

where,

PgTH: The DC power dissipation when output is High.
Pg1L: The DC power dissipation when output is Low.

Then, substitution of Eqgs. (2), (3), (4), (5) into Eq. (1) yields,
Pr=n[6PgTy + (1 -0)PgTL + Kq(f) + Ko(f)] +C VAo, + (4 - n)PgT
On the other hand, each component of DC power per circuit can be obtained as follows,
PsTL1 = (lcc1L/4Veen
PsTL2= (IccaL/4Vee2
PsTH1 = (Icc1H/4)Veer

PsTH2 = (lccan/4)Veca
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The typical and maximum value of IccqL, IccaL. cc1H and IgcaH are shown in the specification table.

For example, we calculate each value of Eqgs. (1) to (10) in the case of duty ratio 8 = 50%.

Items Typ. Max.
Veer 5.0V 5.25V
lcc1L/PKG 30 mA 50 mA
lcc1H/PKG 16 mA 30 mA
PsTL1/CCT 37.5mW 65.6 mW
PgTH1/CCT 20 mw 39.4 mW
PgTL/CCT 38.1mW 67.2 mW
Pcc1/CCT 28.8 + Kq(f) mw 52.5 +Kq(f) mW
Vee2 120V 126V
lccaL/PKG 0.2 mA 0.5 mA
lcc2H/PKG 10 mA 16 mA
PgTL2/CCT 0.6 mW 1.6 mW
PgTH2/CCT 30 mW 50.4 mW
PgTH/CCT 50 mwW 89.8 mW
Pcco/CCT 16.3 + Ko(f) mW 26.0 + Ko(f) mW
Total Power Dissipation
Typ. P =n[28.8 + K{(f) + 15.3 + Kp(f)] + CLV(%sz +(4-n)PgT
Max. P1=n[52.5+ Kq(f) +26.0 + Ko(f)] + CLV%CZf +(4 - n)PgT

We should estimate P in the case of PgT = PgT|_and in the case of PgT = PgTH.

The Eq. of PT can be reduced as shown in the table below, assuming K1 (f) = 0 because PCC1 hardly depends on the
frequency.

2
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o
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o
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Items PST Total Power Dissipation

Typ. Pt =n[44.1+ Ko(f)] +C; (12)2f + 38.1(4 - n)
P PsTL T 2 L

Max. P =nl78.5+Ko(f)] +C|(12.6)2f +67.2(4 - n)

Typ. Pt =n[44.1+ Ko(f)] +Cy (12)2f + 50(4 - n)

ISTH T 2 L
Max. Pr=n[785 + Ko(f)] +C((12.6)2f + 89.8(4 —n)

The values of the Ko(f) can be calculated by subtracting Pgo[= 1/2(PgTH2 + PgT| 2)] from Poco 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 Py (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 (0PgTH + (1 - 6)PgT| ) for PgT.

FIG. 1 —Pggq AND Pgea
VS. FREQUENCY SWITCHING

N
8

DUTY RATIO =50%

g

Pcc1 (MAX)

o

cc2 (MAX)+

A/

Pcc2

(TYP)

a
(=]

Pcc1/CCT, Poe2/CCT (mW)

NO LOAD POWER DISSIPATION,

20

|
Pcc1 (TYP)

—

/

//

100K 500K 1M
FREQUENCY OF SWITCHING (Hz)

5M

oM

1000
9200
800
700
600
500
400
300
200

LOAD CAPACITANCE (pF)

100
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FIG. 2 — THE MAXIMUM LOAD
CAPACITANCE VS. FREQUENCY

THE MAXIMUM LOAD CAPACITANCE PER ONE PACKAGE

\ WC;RST ::ASE I

Vce1 =5.25V, Veez = 12.6V

IcciL =50 mA, iccaL = 0.5 mA

\ \ Icc1H =30 mA, Icc2H = 16 mA
A .

THE MAXIMUM LOAD CAPACITANCE PER ONE CIRCUIT

\ \ TYPICAL CASE

Vee = 5.0V, Vegz = 12.0V

\ IcciL=30mA, IccaL = 0.2mA

IcCiH =16 mA, Icc2H = 10 mA

\

0.5M 1M 5M 10M 20M
FREQUENCY OF SWITCHING (Hz)



IR (QUADRUPLE TTL MB 8907

FUJITSU TO MOS LEVEL
SHIFTER/DRIVER
NRHTRTISTINIRID )

((NAND.function))

QUADRUPLE TTL TO MOS LEVEL SHIFTER/DRIVER
(NAND FUNCTION)

The MB8907 is a level shifter from ® Wide operating range of Vot PIN ASSIGNMENT
TTL/DTL level input to MOS level Variable output voltage (9V
ou~tput, ar‘1d also a high spegd clgck to 17V) Veez E A4 78] Veen
driver. Using Schottky barrier diodes ® Low power dissipation:
and PNP transistors in the circuit, the ’ x1[z E Xa
power dissipation is remarkably 40 mW for output low state
reduced without degradation of 40 mW for output high state A1 [3] [14] A4
switching speed. (Stand by power/circuit, @
Vees = 12V) Bi[a i3] B4
® High speed: 23 ns max. (tp ® TTL or DTL compatible inputs B2 E o1 E B3
@ 300 pF) ® Standard ceramic 16-leads dual-in- Az E E A3
line package
X2 E 4 U @ X3
ABSOLUTE MAXIMUM RATINGS GND |8 9] N.C.
Rating Symbol Value Unit TOP VIEW
Supply Voltage (*1) Veer 7 \Y
Supply Voltage (*1) Vee2 23 \Y
Input Voltage (*1) \2 -0.5to +5.5 \%
Operating Free-Air Temperature Range Top -25 to +100 °c
Storage Temperature Range Tstg -65 to +150 °c

(*1) These voltage values are with respect to GND lead.
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RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Value Unit
Supply Voltage Vee 50+5% v
Supply Voltage Vee2 9.0to 17 \
Operating Free-Air Temperature Range TOp 0 to +70 °C
DC CHARACTERISTICS
(Tp=0°C~70°C)
Parameter Symbol Conditions Min. Typ. Max. Unit
Input High Voltage ViH 2.0 \
Input Low Voltage ViL 0.8 \%
. Vig =20V Veea Veez
Output High Voltage VoH louT = -0.1 mA 07 035 Y
ViL=0.8V
Veet = 4.75V
. . Y
Qutput Low Voltage VoL Veon = 12.6V 0.3 0.45
'OUT =0.1mA
ViL =04V
Input Low Current (Input A) L (A) Veeq = 5.25V -1.0 -2.0 mA
Vccz =12.6V
Input Low Current (Input B) i (B) Same as above -2.0 -4.0 mA
Input High Current {Input A) iy (A) ViQ =24V 40 HA
Input High Current (Input B) iy (B) ViH = 2.4V 80 UA
Operating Supply Voltage of Vo Vee2 9.0 17 Y
v v
lcciL 0\22'_: oV 40 60 mA
N =
Supply Current (Output Low)(*1) Tp = 25°C
lccoL Same as above 0.2 2 mA
Veeq = 5.25V
lcctH V\;;li;'2==5122£/V 25 40 mA
Supply Current (Output High)(*2) Tp= 25°C
lccoH Same as above 10 20 mA

(*1) The typical values are applicable for Veeq = 5.0V, Voo =120V, Ty = 25°C.
(*2) These values are total current for a package.
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AC CHARACTERISTICS
(Tp=25°C)
Parameter Symbol Conditions Min. Typ. Max. Unit
Ve = 5.0V
Input to Output Delay tPLH Veeo = 12.0V 7 16 23 ns
C =300 pF
Input to Output Delay tPHL Same as above 7 15 20 ns
Veet = 5.0V
Output Rise Time tTLH Veez = 12.0V 7 156 25 ns
C =300 pF
Output Fall Time tTHL Same as above 7 16 25 ns
tpLH FtTLH tDLH Same as above 20 31 45 ns
tpHL * tTHL tDHL Same as above 15 31 40 ns
WAVEFORMS
3.0V tr=7ns t=7ns
10% 10%
1.5V 1.5V
90% ov 90%
300 ns
Veez
Veez2 — 2.0V K X Veez — 2.0V
tPHL - z
tPLH 3
o
2.0v 7
/ Nz ‘®
GND U
t (1]
TLH tTHL . S,
0
(13
(73
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POWER CONSIDERATION

The total power dissipation of the MB 8907 is given as
- 2
Pr=n{Pcct +Pcca) + € VEcof + (4 -niPsT

where,

n: The number of circuits operating at frequency f.

PgT: DC power dissipation per circuit.

CLVCC2f5 The power required for charging and discharging load capacitance.

f: The frequency of switching.

Cy: The total load capacitance.

Pcc1 and Pop are expressed as below,
Pect = 0PsTH * (1-0)PgTLy + Kq(f)

Pcc2=0PgTH2 + (1 -8)PgT o + Kolf)

where,

Pccq: The power supplied from V¢ when the circuit is operating with no load capacitance.
Pcga: The power supplied from Voo when the circuit is operating with no load capacitance.

PgTH1: The DC component of P q when output is High.
PgT(1: The DC component of P when output is Low.
PgTH2: The DC component of Pcco when output is High.
PgT1 2: The DC component of Pocy when output is Low.
0: Duty ratio.
K1(f): The AC component of Pocy.
Ko(f): The AC component of Pcco.

Assuming that

PSTH =PSTH1 * PSTH2

PsTL=PsTL1 *PSTL2

where,

PsTH: The DC power dissipation when output is High.
PgTL: The DC power dissipation when output is Low.

Then, substitution of Egs. (2), (3), (4), (5) into Eq. (1) yields,
Pr = n(BPgTy + (1 -8)PgL + Kq(f) + Ko(f)] + C VEof + (4 - n)PgT
On the other hand, each component of DC power per circuit can be obtained as follows,
PsTL1 = (lcc1L/4)Veer
PsTL2= (lccaL/4Vec2
PsTH1 = (icc1n/4)Veen
PsTH2 = (Iccan/4)Vec2
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The typical and maximum value of lccqL. lccaL. lcciH and Icc2H are shown in the specification table.

For example, we calculate each value of Egs. (1) to (10) in the case of duty ratio 6 = 50%.

Items Typ. Max.
Veer 5.0V 5.25V
Icc1L/PKG 40 mA 60 mA
IcC1H/PKG 25 mA 40 mA
PsTL1/CCT 40 mw 78.8 mW
PsTH1/CCT 31.3mW 52.5 mW
PsTL/CCT 40.6 mW 85.1 mW
Pco/cCT 36.6 + Kq(f) mw 65.7 + Ky (f) mW
Veez 120V 126V
IccaL/PKG 0.2mA 20mA
IcCoH/PKG 10 mA 20 mA
PsTL2/CCT 0.6 mW 6.3 mW
PsTH2/CCT 30 mw 63 mW
PsTH/CCT 61.3 mW 116.5 mW
Pcca/CCT 163 + Ko(f) mW 34.7 + Kolf) mW
Total Power Dissipation
Typ. PT=n[36.6 + Kq(f) + 153+ K(f)] + C VAc,f + (4 - n)Pgy
Max. PT =nl66.7 + K1(f) + 34.7 + Ko(f)] + CLVZcof + (4 - n)PgT

We should estimate P in the case of PgT = Pg1|_ and in the case of Pg = PgTH.

The Eq. of Py can be reduced as shown in the table below, assuming K1 (f) = 0 because Pccq hardly depends on the
frequency.

3
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Items Pst Total Power Dissipation
Typ. PT= . )1 +C (12)2f + 40.6(4 -
yp PsTL T=n[50.9 + Ko(f)] +C (12) 0.6(4 - n)
Max. P =n[100.4 + Ko(f)] +C| (12.6)2f +85.1(4 - n)
Typ. Py = .9 + Ko(f)] +Cy (12)2f +61.3(4 -
yp PsTH T =n[50.9 + Ko(f)] +C (12)4f +61.3(4 - n)
Max. P =n[100.4 + Ko(f)] +C|(12.6)2f + 115.5(4 - n)

The values of the K5(f) can be calculated by subtracting Pg1o[= 1/2(PgTH2 + PgT2)] from Pcga 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. 600 mW
Total Load Capac‘itance/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 Eqgs. of Py (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 [6PgTH + (1 - 6)PgT| ] for PgT.

FIG. 1 —-Pgc1 AND Peca

VS. FREQUENCY OF SWITCHING

n=4
DUTY RATIO 50%

g

Pcc1 (TYP)

50 |-pcca (TYP)

v

Pcc1/CCT, Poc2/CCT (mw)

1

NO LOAD POWER DISSIPATION,

.r—/

10

100K 500K 1M 5M
FREQUENCY OF SWITCHING (Hz)

10M

9200
800
700
600
500
400
300
200

LOAD CAPACITANCE (PF)/PACKAGE

100
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FIG. 2 — LOAD CAPACITANCE
VS. FREQUENCY
THE MAXIMUM LOAD CAPACITANCE PER ONE PACKAGE

\

\

\

\Y
THE MAXIMUM LOAD CAPACITANCE PER ONE CIRCUIT

\ [ |

TYPICAL CASE (n=4)

DUTY RATIO = 50%—

\

N

0.5M 1M 5M 10M
FREQUENCY OF SWITCHING (Hz) i
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FUJITSU TO MOS LEVEL
T

DUAL CML TO MOS LEVEL SHIFTER

The MB8909 is a level shifter from PIN ASSIGNMENT
CML 1evel input to MOS level output,

and also a high speed clock driver, Veer  GNDy 09 Veca  Veez O  GNDy  Vgg
using Schottky barrier diodes and [ 11 11 11 1 | | 1 | | 1

PNP transistors in the circuit. !
® High speed:

12 ns typ. (tp) 4 @ 300 pF)
16 ns typ. (t| 4 @ 300 pF)

® Wide operating range of Veez
Variable output voltage 1T T m T T T T T

(7V 10 16V)
I11 112 N.C. N.C. N.C. GNDg 129 l22

TOP VIEW

ABSOLUTE MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage (*1) Veet -03to+ 7 \Y
Supply Voltage (*1) Veer -0.3 to +20 v
Supply Voltage (*1) VEE -7t0 +0.3 v
Supply Voltage (*1) 7 VEE to +0.3 Y
Output Load Capacitance CL 1620%0::/(.? (;9
Operating Free-Air Temperature Range Top -25 to +100 °
Storage Temperature Range Tstg -55 to +150 °C

(*1) These voltage values are with respect to GND lead.

3
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RECOMMENDED OPERATING CONDITION

Parameter Symbol Value Unit
Supply Voltage (*1) Veet 5.0+5% \Y
Supply Voltage (*1) Vee? 7.0 to 16.0 \
Supply Voltage (*1) VEE -5.2+4% \Y
Output Load Capacitance CL 0~ 300 pF/CCT
Operating Temperature Top 0to +70 °c
{*1) These voltage values are with respect to GND lead.
DC CHARACTERISTICS
(Tp =0°C to +70°C)
Parameter Symbol Conditions Min. Typ. Max. Unit
Input High Voltage VIH \
Input Low Voltage ViL \%
Input Low Current 'TH ViL=-175V 150 500 MA
Input High Current IH V|y = -0.85V 0.35 1.0 mA
Output Low Voltage Vou | UGy 0.3 0.6 v
oL=01m
Output High Voltage VoH Io\;lgjof{ll I';‘ A V_%CSZ \/-%%2 \"
Output Clamp Voltage Voc I(;/AN:Z(\)/ :‘!‘-A \{gcoz %
Output Current oL \)l(l)';l_ : \1/|5}</ 20 mA
lcciu V| = -0.85V 15.9 23 mA
Supply Current (“ON")/PKG lccaL Same as above 150 uA
IEEL Same as above -32 -22 mA
Icc1H ViL=-1.78V 12.4 18.5 mA
Supply Current (“OFF"")/PKG lec2H Same as above 7.0 10 mA
lEEH Same as above -29.5 -21.9 mA

Note: The typical values are applicable for Vogq = 5.0V, Voo = 12.0V, Vgg = -5.2V, V| = -0.85V, V| _= -1.75V,

Ta=25°C.
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TESTING VOLTAGE VALUES
Ta 0°c 25°C 70°C
Vigmin. -1.17 -1.14 -1.05
V|Lmax. -1.46 -1.44 -1.42
AC CHARACTERISTICS
Ta= 25°C, Veet = 5.0V, Veez = 12.0V, Vgg = -5.2v
Parameter Symbol Conditions Min. Typ. Max. Unit
lcer Tc=250ns 14.5
CL=0pF
Supply Current lcc2 Duty Cycle = 50% 8.5 mA
V|y = -0.85V
133 ViL=-1.75V 23.5
SWITCHING CHARACTERISTICS
Ta =0°Cto +70°C, Vgeq = 5.0V £ 5%, Vogg = 12.0V £ 5%, VEg = -5.2V + 4%
Parameter Symbol Conditions Min. Typ. Max. Unit
Propogation Time, Input to Output tPLH 7 12 19
Propogation Time, Input to Output tPHL Ci =300 pF 5 1 17
. Tc=250ns
Output Rise Time tTLH V|n = -0.85V 16 23
] +0.03V ns
Output Fall Time tTHL V)L =-1.75V 13 20
. . +0.03V
Delay Time, Low-to-High Level tDLH 18 28 39
Delay Time, High-to-Low Level tDHL 15 24 32

Note: The typical values are applicable for Vcgq = 5.0V, Voo = 12V, VEg = -5.2V, Tp = 25°C.
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SWITCHING CHARACTERISTICS (con't)

INPUT

OUTPUT

J

\?0%

]K 50% J& 50%

tDLH"]

tPLH -

tTLH

tpH L — '——

tTHL —

tDHL ]

ViH

3-24




S

FUJITSU

TSR

QUADRUPLE MB 8903
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.

to drive high capacitive loads. PIN ASSIGNMENT

® Fast propagation delay: 10 ns typ.

@ 300 pF/ckt \
o1 [1] 16] Vi
It is designed for use in N-channel ® Low power dissipation: 420 mW cct
memory systems as a Read/Write, typ./pkg @ 5.0 MHz (all 4 drivers
Data/Address Driver. have 300 pF) a1 [2] 5] x1
It may also be used as a high fanout ¢ Input: ECL10K 81[3] 14] GnD3
ECL to TTL translator, or in other ® Output: +0.4V, Vo max.
applications requiring the capability +3.0V, Vg min. A2 E E X2
A3[s] EI Veez
ABSOLUTE MAXIMUM RATINGS 82 E E X3
Rating Symbol Value Unit M E GND2
Supply Voltage Vee 0to +7.0 \) VEEE E x4
Supply Voltage VEE -80to0 \) TOP VIEW
Input Voltage VIN VEg to 0 \
Output Voltage Vo 0to Ve +0.5 \

0 pF to 600 pF/ckt

Capacitive Load CL 0 pF to 1800 pF/pkg
Operating Frequency fc 0to +10 MHz
Operating Temperature Range Top -25 to +100 °C
Storage Temperature Tstg -55 to +150 °C

3-25
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RECOMMENDED OPERATING CONDITION

Parameter Symbol Value Unit
Supply Voltage Vee 5.0 £ 5% \%
Supply Voltage VEE -5.2+5% \
Capacitive Load CL 0 pF to 300 pF/ckt
Operating Frequency fc Otob MHz
Operating Temperature Range Top 0to +70 °c
AC CHARACTERISTICS
(Tp=25°C)
Parameter Symbol Condition Min. Max. Unit
Propagation Delay tPLH 13 ns
Propagation Delay tPHL Ve = 5.00V 18 ns
Vgg =-56.20V
Rise Time tTLH C =300pF 15 ns
Fall Time tTHL 13 ns
Input voltage values are below.
Ta’C) ViHmax. ViLmin. ViHmin. ViLmax.
0 -0.845 -1.870 -1.150 -1.490
25 -0.810 -1.850 -1.106 -1.475
: 70 -0.730 -1.830 ~1.055 -1.450
: (Units V)
z
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mB 8903 MMM
DC CHARACTERISTICS
(Air flow is greater than 2.5 m/sec)
Parameter Symbol Conditions Ta °c) Min. Max. Unit
Ve =4.75V
VEE = -5.20V 0 3.0 v
Output High Voltage VoH V1= ViHmax. 25 3.0 \
Io=-0.1TmA 70 3.0 v
(*1)
Vee = 4.75V
Veg = -5.20V 0 3.0 \%
Output High Threshold Voltage VoTH Vi =Vidmin. 25 3.0 \
lg=-0.1mA 70 3.0 v
(*1)
Vee = 5.25V
Vgg =-6.20V 0 0.4 \'%
Output Low Threshold Voltage VoTL Vi =V|Lmax. 25 04 A
lo=0.1mA 70 0.4 v
(*1)
Vee =4.75V
VEE = -5.20V 0 0.4 v
Output Low Voltage VoL1 Vi=ViLmin. 25 0.4 v
lo=0.1mA 70 0.4 \
(*1)
Vee =4.75V
VEE = -5.20V 0 0.6 v
Output Low Voltage VoL2 Vi=ViLmin. 25 0.6 v
lo=20mA 70 0.6 \
(*1)
Ve = 5.00v
VEE =-5.20V
| 25 265 MA
IHA V1=VIHmax.
(*1)
Input High Current
Ve = 6.00V
Vg = -5.20V
| 25 370 UA
IHB Vi =ViHmax.
(*1)
Ve = 5.00V
Input Low Current L VE'E =-5.20V 25 0.5 LA
V= (\{11 Lmin.

(*1) Other inputs are open.
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MNIHH  mB 8903

DC CHARACTERISTICS (continued)

Parameter Symbol Conditions Ta CC)|  Min. Max. Unit
Ve = 5.00V
Positive Power Supply Current lccH Vgg = -5.20V 25 32 mA
V1= ViHmax.
Vce = 5.00V
Positive Power Supply Current lccL Vgg =-5.20V 25 57 mA
Inputs open
Ve = 5.00V
Negative Power Supply Current lgg VEg =-5.2V 25 -40 mA
Inputs open
(*1) Other inputs are open.
WAVEFORMS
tTLH tTHL —.‘
V|
80% H
INPUT 50%
— 20%
ViL
— tPLH tPHL
——————— Y
2.4V b OH
OUTPUT
0.6V
7 VoL
—= tTLH THL —
INPUT PULSE

Vi =-0.89V, V| =-1.69V
tTLH=tTHL=20ns £ 0.2 ns

PRR =5 MHz
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OUTPUT VOLTAGE (HIGH) (V)

MmB 8903 [IIMHMMMIIN
FIG. 1 — POWER DISSIPATION
VS. FREQUENCY
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FIG. 2 — OUTPUT VOLTAGE FIG. 3 — OUTPUT VOLTAGE
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FIG. 4 — OUTPUT VOLTAGE (HIGH) FIG. 5 — OUTPUT VOLTAGE (LOW)
48 VS. TEMPERATURE VS. TEMPERATURE

s B
=46 = 0.4
& 8
I =l
E 4.4 — —] © 0.3
P-4 W <
5 Ve =5.0V — 5
o VEE = -5.2V o Vee = 5.0V
>4.2 %IE| =-0.810V] i 0.2 vgg = 5.2V ]
5 loH =-0.1mA | 5 Vi = -1.850V
= [ loL = 0.1 mA
340, 301

0 20 40 60 80 100 ) 20 a0 60 80 100

AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C)
FIG. 6 — POSITIVE SUPPLY CURRENT FIG. 7 — NEGATIVE SUPPLY CURRENT
VS. TEMPERATURE VS. TEMPERATURE
BT T 1 hed [T T
| Vcc=5.0V _Vce =5.0v
3 VEE = -5.2V < 3 VEE = -5.2V
E2a a2 £ E-32
z g i
] IccH kS =
S . 4 A
- 22 40 &= E-30

E 1" lecL E E
£ 0 ~ £ £
520 38 3 o -28
> % 5
2 i £
&18 36 2 ? -26
w

0 20 40 60 80 100 0 20 40 60 80 100
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FIG. 9 — SWITCHING TIMES
VS. TEMPERATURE

FIG. 8 — SWITCHING TIMES
VS. LOAD CAPACITANCE
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(WIS DUAL LINE
RECEIVER

FUJITSU

IR

DUAL LINE RECEIVER

MB 8911

PIN ASSIGNMENT |

STROBE |
Vec VEe 2A 28 N.C. 2Y 26G

[r] [s] [i2] [a] [ro] [ ] [e]

® High common-mode rejection ratio ® Gate inputs for logic versatility

® High input impedance ® TTL or DTL drive capability

® High input sensitivity ® High dc noise margins

® Differential input common-mode ® Standard ceramic 14-lead dual-in-

voltage range of +3V tine package
® Strobe inputs for receiver selection
ABSOLUTE MAXIMUM RATINGS
Rating Symbol Value Unit

Supply Voltage (*1) Vee 7 \Y;
Supply Voltage (*1) VEE -85 \
Differential Input Voltage (*2) 16 Y
Common mode input voltage (*1) £5 \%
Strobe Input Voltage (*1) 5.5 \Y
Operating Free-Air Temperature Range Top 0to +70 °c
Storage Temperature Range Tstg -65 to +150 °c

(*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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(*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.

ms 8911 [IllMMMAmmm
FUNCTION TABLE
DIFFERENTIAL INPUTS STROBES OUTPUT
A-B G S Y
Vip =25 mV LorH LorH H
LorH L H
-25mV < V|p <+25 mV L LorH H
H H INDETERMINATE
LorH L H
Vip <-25mV L LorH H
H H L
RECOMMENDED OPERATING CONDITIONS (*3)
Parameter Symbol Value Unit
Supply Voltage (*1) Vee 5+5% Y
Supply Voltage (*1) VEE -5+ 5% (or -6 £ 5%) Y]
Output Sink Current -16 mA
Differential Input Voltage 5 \%
Common Mode Input Voltage (*1) +3 \%
Input Voltage Range, Any Input to Ground (*4) -5to +3 \ '5‘
Operating Free-Air Temperature Range Top 0to +70 °c ::;.
8
O

o
=
o
®
o
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RECOMMENDED COMBINATIONS
OF INPUT VOLTAGES FOR
LINE RECEIVERS
> 3
W,
<
5
o
>
o 0
2
3 -
5
P -2
-
< -3
2
g -4
-5
5 -4 -3 -2 4 0 1 2 3
INPUT B TO GROUND VOLTAGE, V
AC CHARACTERISTICS
(Vge =5V, VEg = -5V, Tp = 25°C)
Parameter Symbol Conditions Min. Typ. Max. Unit
Propagation Delay Time, Low to High Level, N R = 3908 10 2 28 ns
from Differential Inputs A and B to Output PLH(D) C_=15pF [(27) *4]
Propagation Delay Time, High to Low Level, ¢ Ry = 39082 10 21 26 ns
from Differential Inputs A and B to Output PHL(D) CL=15pF [(27) *4]
Propagation Delay Time, Low to High Level, R =390Q2
from Strobe Input G or S to Qutput PLH(S) C_=15pF 5 13 20 ns
Propagation Delay Time, High to Low Level, Ry =3908
from Strobe Input G or S to Output PHL(S) C_=15pF 5 13 20 ns

(*4) These maximum values are applicable for Vpg = -6V.

3-34




MY
FUJITSU

MB 8911 MM
DC CHARACTERISTICS
(Ta= 0°C to +70°C unless otherwise specified)
Parameter Symbol Conditions Min. Typ. Max. Unit
Ve = max., VEg = max.
High-Level Input Current into 1A or 2A K V|p =05V 75 uA
Vic=25V
VCC = max., VEE = max.
Low-Level Input Current into 1A or 2A UTH Vip=-2V -10 HA
V|C =-1V
Ve = max., VEg = max.,
A
lIHG1 VIH(S) =2.4V 40 u
High-Level Input Current into 1G or 2G
Ve = max., VEE = max.
A
'HG2 ViH(s) = 5.5V e
Low-Level Input Current into 1G or 2G | Vee = max., VEE = max. - 16| mA
ow-Level Inp rent into ILG ViL(s) = 0.4V .
Ve = max., VEE = max.
lIHS1 Vip(s) = 24V 80 uA
High-Level Input Current into S
Ve = max., VEg = max.
A
IIHS2 VlH(S) =5.5V 2 m
Low-Level Input Current into S [ Vee = max., VEE =max. -32| mA
(o] v p urrent into ILS 'VIL(S)=0-4V .
Ve = min., VEg = min.
Low-Level Output Voltage VoL IgiNK = 16 mA 0.4 v
Vic=0Vv
High-Level Output Current | Vee = min., Vgg = min. 250 A
gh-Level Dutput Lurren OH VoH = 5.25V .
. . Ve = max., VEE = max.
High Logic-Level Supply Current from Vo lccH Vip=25mV 14 30 mA
D=
. . Ve = max., VEg = max.
High Logic-Level Supply Current from Vgg IEEH Vi = 25 mV -1 -15 mA
ID~

2
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3
)
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®
O
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DUAL DIGIT DRIVER/SENSE AMPLIFIER

The MB 8912isa TTL/DTL compatible
high-speed digit driver (write amplifier)
and sense amplifier.

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

Vee

§tb1

0|
]
c
-

]

-

MB 8912

PIN ASSIGNMENT

VEE

1

Douty Stbo D2 D2

%—@

1 1
& |

L
I

L]

Dy Dy WEq; Dinq
® Standard ceramic 16-leads dual-in-
line package
ABSOLUTE MAXIMUM RATINGS
Rating Symbol Value Unit
Supply Voltage Vee 0 to +7 \%
Supply Voltage VEE ~7to0 \%
Input Voltage A -0.5to +56.5 \%
Output Voltage Vo -0.5t0 +5.5 \%
Operating Free-Air Temperature Range Top -25 to +100 °c
Storage Temperature Range Tstg -65 to +150 °c
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RECOMMENDED OPERATING CONDITIONS
Parameter Symbol Value Unit
Supply Voltage Vee 50+5% \
Supply Voltage VEE -5.2+5% \
D or D Input Voltage (*1) Vip Vcc +0.25, -1.00 v
D or D Input Voltage (*1) Vi(D-D) 12 to 1000 mV
Operating Free-Air Temperature Range Top 0to +70 °c
Output Sink Current F/O 0 to +22 mA
(*1) READ mode.
DC CHARACTERISTICS
(Tp =0°C~+70°C)
Conditions
Parameter Symbol Min. Max. | Unit
Vee | VEE
Input High Voltage VIH 2.0 \
Input Low Voltage ViL 0.8 \%
Stb =08V
D/D Output Low Voltage VoL(D) Ry = 3002 (A) 4,75V |-5.46V 0.5 \
) Stb = 0.8V
D/D Output High Voltage VOH(D) R\ = 30022 (A) 5.25V (-5.46V| 5.05 \
S/A Input Sense Voltage Vis) PS,Stb=0V | 475V [-4.94V| 12 | 1000 | mV
Din, P.S, Stb = 0.8V
S/A Output Low Voltage VoL(s) loL = 22mA 4.75V |-5.46V 0.5 \
. Din = 0.8V (B)
S/A Output High Voltage VOH(s) lom = -0.8 mA 475V |-4.94V| 24 \
Input Low Current l“_1 ViL=04V 5.25V |-5.46V 1.6 mA
Input Low Current hiLo ViL =04V 5.25V |-5.46V 3.2 mA
Input High Current K Vi =24V 5.25V | -5.46V 200 | uA
S b=2.0V
Output Short Current los 250V, (C) 5.25V |-5.46V| 100 380 | mA
lcc —_— = 92
P. =
Supply Current D WRITE Mode ES— 2 n=0V'| 5 25v |-5.46v mA
IEE 30
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(A) TRUTH TABLE

(B) TRUTH TABLE

CONDITIONS OUTPUT CONDITIONS .
— — — — — — Dout
P.S Din W.E D D D D P.S Stb
0.8V 0.8V 0.8V VoH VoL 50 V 4.75V 0.8V 0.8V VOH
0.8V 0.8V 2.0V VoH VoH 475V 5.0 V 2.0V 0.8v VOoH
0.8V 2.0V 0.8V VoL VOH 475V | 50V 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
(T =0°C~+70°C, Vg = 5V, VEg = -5.2V)
Parameter Symbol Conditions Min. Max. | Unit
Write Delay twp | D.D output, R =300%, C| =50 pF 22 | ns
Write Recovery tWR Same as above 18 ns
Data Hold tpH Same as above 3 ns
Data Set-Up tps Same as above 10 ns
Enable Write Delay tEw Same as above 22 ns
Minimum Write